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At an earlier period, when less confidence was
generally held for the gene theory of inheritance,
it was natural to insist that any genotype postu-
lated to explain a given disease or abnormality
should be perfectly correlated with this disease.
When it became increasingly realized that this sup-
position was unnecessary, a fruitful method of
study became available for those diseases showing
only occasional evidence of inheritance. By as-
suming that a given genotype might cause only a
portion of its possessors to develop the trait in
question, an irregular pattern of inheritance was
often found to be adequately explained on the basis
of a single gene hypothesis. However, merely to
satisfy the requirements of a formal theory would,
in general, have represented but little gain. A
more important result was that increased attention
was now accorded those individuals who, although
lacking the disease or abnormality, were evidently
carriers of the genetic factor. As a consequence,
several important hereditary diseases are now
known to be frequently replaced by detectable sub-
clinical manifestations or "carrier states," and
these conditions have been recently discussed in
extensive reviews (1, 2).

In the field of metabolic disorders, Garrod (3)
was among the first to emphasize this point of view,
notably with respect to gout. He suggested that
this disease would probably be found to be due to a
dominant Mendelian factor which expresses itself
fairly regularly in hyperuricemia, but only occa-
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sionally in gouty arthritis. A number of studies
(4-7) have since shown that hyperuricemia with-
out arthritis is indeed a common finding among
the relatives of gouty patients. The most exten-
sive studies thus far reported are those of Talbott
and of Stecher and Hersh. Talbott (5) investi-
gated 136 relatives of 27 patients and found hyper-
uricemia (serum uric acid exceeding 6 mgm. per
cent) in 27 male and seven female relatives. Un-
fortunately this excellent body of data has thus far
been published only in an incomplete form which
does not permit of statistical or genetic analysis.
A biochemical study of 30 gouty families has also
been reported in abstract form by Stecher and
Hersh (7).

The present paper presents an analysis of 19
gouty families studied at the Arthritis Clinic of
the University of Michigan Hospital during the
years 1938 to 1942. Two of these families have
been previously reported by Smyth and Freyberg
in a paper (6) which will serve to describe more
fully the methods used in the investigation. Al-
though these two families demonstrated a marked
hereditary tendency in hyperuricemia, the question
was left unsettled as to whether all cases of gout
can be encompassed in a single genetic theory.
The present analysis was carried out in 1942. The
results showed that the hypothesis of a dominant
autosomal gene for hyperuricemia will satisfac-
torily explain the variations in serum urate con-
centrations found among an unselected series of
families, but only after allowance is made for cer-
tain other factors influencing the level of serum
urate in these relatives.

DESCRIPTION OF DATA

The 19 families which form the basis of this report
constitute Kindreds 1109 to 1127 in the files of the Uni-
versity of Michigan Heredity Clinic. In this paper the
families are designated by the letters A to S, respectively.
The propositus ("index case" or original patient) is in
each case a male patient showing clinical, biochemical
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and, in most cases, radiological evidence of gouty arthri-
tis. A total of 87 relatives was studied and the data con-
cerning these individuals are incorporated on the pedi-
gree diagrams of Figure 1. In general, the pedigrees
show only those individuals whose bloods were tested for
serum urate, but a few additional members have been
portrayed in order to define relationships between ex-

amined members. The pedigrees are therefore incomplete
in some cases in the sense that all brothers and sisters of
certain individuals are not shown.

In almost all cases the blood samples were obtained
after a fast of eight to 12 hours. The blood was al-
lowed to clot under oil, and uric acid determinations
were made on the serum using the indirect method of

FIG. 1. PEDIGREES OF 19 GOUTYMALE PATIENTS
The 19 families are designated by letters, A-S, placed nearest thespropositus or original

patient in each case. Figures below the pedigree symbols represent age (T) in years, fol-
lowed by serum urate concentration (U) in mgm. per cent.
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Folin (8). The italicized figures beneath the pedigree
symbols in Figure 1 indicate the serum urate levels found
for each individual, expressed in milligrams uric acid per
100 cc. of serum. In most cases only one determination
was obtained for each relative, but a few of the recorded
figures represent averages of several determinations.

The two families previously reported (6) are identical
with families I and P in this paper. In the latter family,
the propositus, who is represented by the symbol nearest
the letter P in Figure 1, was found to have two gouty
brothers and a gouty father. No other relatives belong-
ing to any kindred were known to have a history sug-

gesting gout, and none was found to have tophi. The 19
patients were selected for study solely on the basis of
the availability of their relatives, and blood samples were

secured on all individuals who were willing to cooperate.
It therefore seems likely that the resulting data should
provide unbiased estimates of the frequency of hyper-
uricemia among relatives of any given class.

REGRESSIONANALYSIS

Before examining the data from the point of view of a

specific genetic theory, we have analyzed the variation in
serum urate levels by means of general statistical meth-
ods. This was done in order to ascertain (1) whether
there was evidence of genetic variability of any kind,
(2) whether age and sex were additional factors influenc-
ing the level of serum urate, and (3) whether there was

any justification for dividing the relatives into "normal"
and "hyperuricemic" groups in the hope that these would
correspond to two specific genotypes.

In addition to the serum uric acid concentration (U),
Figure 1 also supplies information on the age (T), sex

(S), and mode of relationship (R) of each relative to
the gouty propositus. As a preliminary procedure, we

chose to investigate the influence of R, S. and T on U
by means of multiple regression statistics (cf. Snedecor
[9]). Instead of dividing the data into various sex and
relationship classes, we have assigned to each relative a

score for sex, S = 0 for males and S = 1 for females, and
have used the coefficient of relationship (10) as a meas-

ure (R) of the degree of relationship between the propos-

itus and each of his relatives.
It will suffice to explain here that the coefficient of

relationship (R) is a measure of the degree of genetic
resemblance between any two relatives, and its value
varies from R= 0 for unrelated individuals, to R = 1 for
"identical twins." For parents, sibs and children of the
propositi R= 0.50, while for grandparents, aunts, uncles,
nieces, nephews and grandchildren R = 0.25. All rela-
tives in the present series of pedigrees fall into one or

the other of these two degrees of relationship, except for
one first cousin once-removed of patient 0 whose coeffi-
cient of relationship to 0 is R= 0.0625. Now, for any

autosomal gene present in a gouty patient, the probability
that this gene will also be present in a given relative is
equal to his or her coefficient of relationship to the pa-

tient (10). Therefore, since we shall later wish to test
the hypothesis of a dominant autosomal gene for hyper-

uricemia, the use of R is appropriate in the present
problem.

The data of Figure 1 may thus be summarized by tabu-
lating for each relative the four variables R, S. T and U.
For example, for the uncle of patient H, Figure 1 shows
that

R= 0.25, S = 0, T = 69 yr., U= 3.6 mgm. per cent.

The wives of seven propositi and of one gouty brother
of patient P were also tested, and these unrelated indi-
viduals are included in the analysis as "relatives" of
degree R =0. Thus, for the wife of patient Q, Figure
1 shows that

R=0, S = 1, T = 30 yr., U = 2.9 mgm. per cent.

In order to discover whether age (T), sex (S) and
degree of genetic relationship (R) significantly affect the
uric acid level in relatives of gout patients, we applied
the method of multiple regression analysis (9). A re-
gression equation of the usual form,

U'=a+bR+cS +dT,

was fitted to the data on all 87 relatives. In this equation
U' is the predicted uric acid level, a is a basic level of
serum urate (the amount to be expected in an unrelated
male at birth, i.e., an individual having R = S = T= 0),
and b, c and d are the "partial regression coefficients,"
that is, the amounts by which the urate level changes with
unit increases in R, S and T, respectively. The deriva-
tion of the constants a, b, c and d was carried out by
means of the usual methods of regression analysis (9),
except that the sums of squares and products of deviations
in the four variables were computed from the means of
the 19 sets of relatives belonging to the separate pedi-
grees, rather than from the general mean of all 87 rela-
tives. In this way we obtained the following equation
for predicting the uric acid level of a relative from the
age, sex and degree of relationship to the gouty patient:

U' = 3.5085 + 3.2205R - 0.944335
+ 0.011808T mgm. per cent.

The tests of significance of the deviations of the three
regression coefficients from zero were carried out on the
corresponding standard partial regression coefficients (9)
(Table I). Those for sex and degree of relationship are
statistically significant at the 1 per cent probability level,
whereas the positive regression of uric acid concentration
on age falls short of the 5 per cent level of significance.

TABLE I

Partial regression of U Regression Standard
(serum urate level) on: coefficient, error, t /5$

R (degree of relationship) +0.37022 410.10668 3.470*
S (sex) -0.34147 i0.11194 3.051*
T (age) +0.19079 ±0.11126 1.715

* Highly significant value for 65 degrees of freedom.
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Relationship: The coefficient b = + 3.2205 may be in-
terpreted as meaning that an identical twin (R = 1) of a
gouty patient would be expected to have a uric acid con-
centration about 3.2 mgm. higher than that of an unre-
lated person (R =0), as judged from the average ex-
cesses of 0.5b = 1.6 mgm. for parents, sibs and children,
and 0.25b = 0.8 mgm. for aunts, nieces, grandchildren, etc.
This tendency for the uric acid level to increase with
increased relationship to gouty patients may be taken as
a general indication of heredity, or, at least, of certain
factors operating within kindreds in a manner simulating
inheritance.

Sex: The coefficient c =-0.94433 shows that females
(S = 1) average about 1 mgm. less uric acid than male
relatives (S =0) of the same age and degree of rela-
tionship to gouty patients. This difference compares
favorably with that found by other investigators for
unselected adult males and females. Wehave calculated
the means and standard deviations of U from data pre-
sented by Jacobson (4), Brochner-Mortensen (11), and
Bulger and Johns (12). Although these workers em-
ployed different biochemical procedures, the results (Ta-
ble II) agree in showing a significantly higher mean
uric acid value in males. The variances or standard
deviations of U, however, are not significantly different
in the two sexes. It is therefore apparent that any genetic
theory proposed for hereditary hyperuricemia must take
this sex difference into account, and that if relatives of
gouty patients are to be classified as "normal" or "hyper-
uricemic," different critical levels of serum urate will
probably have to be adopted for the two sexes. These
levels may of necessity be different for various investiga-
tors, owing to systematic differences in biochemical
techniques.

Age: The coefficient d = + 0.011808 shows that uric
acid levels increase by about 0.01 mgm. per cent per year
for the whole of our data, but the increase is not suffi-
cient to establish itself as significantly greater than zero.
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TABLE II

Published studies of blood uric acid concentration in
unselected adult males and females

Investigator Number Mean Standard
Investigator a .i deviation, s

mgm. % mgm. %
Brochner-Mortensen (11)

Males: 25 7.62 0.917
Females: 25 6.35 1.057

Difference: 1.27* -0.140

Jacobson (4)
Males: 63 4.4 1.079

Females: 37 4.0 1.052

Difference: 0.4* 0.027

Bulger & Johns (12)
Males: 62 4.49 0.974

Females: 41 3.59 1.098

Difference: 0.90* -0.124

* Highly significant difference (P <.01).

The total correlation coefficient for age and serum urate
concentration is + 0.222 for the 48 male relatives and
- 0.098 for the 39 female relatives, and these values are
likewise non-significant. The data therefore fail to es-
tablish any definite relationship of serum urate concen-
tration to age as measured by linear regression over the
entire age range. However, the scatter diagram for male
relatives (Figure 2) shows that none of the 22 boys
below 18 years of age had serum urate exceeding 6 mgm.
per cent, whereas the 26 older males are equally divided
at this level (Table III). The probability of this ex-
treme association in sampling from a population in which
hyperuricemia is equally common in the two age groups
is only 35!261/48113! = 0.00005.

/0 20 30 40 J0 60 70 00 90

AGE (T) IN YRS.

FIG. 2. DISTRIBUTION OF GOUTY PATIENTS AND RELATIVES WITH RESPECTTO AGE AND SERUM
IJRATE CONCENTRATION
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TABLE III

Male relatives Under 18 yr. Over 18 yr.

Hyperuricemic 0 13
(U>6 mgm.)

Normal 22 13
(U<6 mgm.)

Wehave interpreted this result to mean that the serum
urate concentration is probably little, if at all, elevated in
young males who possess the genetic factor or factors for
hyperuricemia and gout. However, an alternative ex-
planation should be mentioned at this point. It will be
seen from Figure 1 that all but four of the 22 males
below 18 years of age are sons of gouty or hyperuricemic
males, or sons of such sons. The absence of hyper-
uricemia in this group might therefore suggest that males
do not inherit factors for hyperuricemia from their fath-
ers. This would suggest sex-linkage, but the whole of
the information available does not support this view, as
will be shown in a later section.

ANALYSIS OF VARIANCE

Although sex and degree of relationship to gouty pa-
tients have been shown to be significant factors affecting
the level of serum urate, the data give evidence of certain
kinds of heterogeneity. In Table IV an analysis of

TABLE IV

Analysis of variance for kindreds

Degrees Sum MeanSource of variation Of of squarefreedom squares sur

Between kindred means 18 88.0338 4.8908*
Within kindreds 68 144.3202 2.1224

Total 86 232.3540

* Highly significant difference.

variance (9) is set forth for the variations in urate con-
centrations within and between kindreds. A comparison
of the mean squares for these components (F = 4.8908/
2.1224 2.3044) shows that there are significant differ-
ences among the means of relatives belonging to different
pedigrees. When allowance is made for the fact that
these 19 sets of relatives differ in their composition with
respect to age, sex, and degree of relationship, we obtain,
through the use of regression equations (9), the analysis
shown in Table V. The variance among adjusted means
of kindreds is now even greater in relation to the residual
variation within kindreds, and is again highly significant
(F = 4.8166/1.5376 = 3.1325).

It therefore appears that serum urate levels in relatives
of different gouty patients vary to a degree greater than
one would expect by chance if such kindreds were segre-
gating for the same. genetic factor producing hyper-

uricemia and gout. Such a result would be anticipated
if (1) some of the patients had been incorrectly diagnosed
as gouty arthritis, or, what is practically the same, if
gout, as diagnosed, were more than a single genetic
entity. It would also be explained if (2) environmental
factors or modifying genetic factors (in addition to those
of age and sex) were unequally distributed among dif-
ferent gouty kindreds. Also the heterogeneity might ap-
pear, even in the absence of (1) and (2), if (3) mat-
ings between two hyperuricemic individuals occurred in

TABLE V

Analysis of variance for kindreds after adjustment for age,
sex and relationship variations

Degrees Sum MaSource of variation ofrof Mean
freedom squares sur

Between adjusted means of 18 86.6996 4.8166*
kindreds

Deviations from regression 65 99.9431 1.5376
within kindreds

Total 83 186.6427

* Highly significant difference.

some kindreds but not in all. Some further evidence in
favor of (1) and (3) will be discussed in the following
section.

Table VI gives the mean uric acid levels for relatives
belonging to various age, sex and relationship classes.
It is evident that the serum urate level has a higher
average value among relatives of degree R= 0.50 than
among relatives of degree R= 0.25, and this is true for
both sexes and both age groups. However, the excess is
greater in adults than in children and also much greater
in males than in females. These discrepancies are sta-
tistically significant, and we may conclude that the genetic
factor or factors which lead to an elevation in serum
urate have a greater average effect in males than in

TABLE VI

Mean uric acid levels for relatives of various age, sex and
relationship classes (Frequency in each class

given in parentheses)

of ree: Under 18 yr. Over 18 yr. All ages

R = .0625 (0) 3.10 (1) 3.10 (1)
R = .25 3.93 (10) 4.94 (5) 4.27 (15)
R = .50 4.24 (12) 6.70 (20) 5.78 (32)

All males 4.10 (22) 6.22 (26) 5.25 (48)
Female relatives Under 18 yr.Over 18 yr. All ages

of degree: .Oe 8y. Alae
R = 0 - (0) 3.69 (8) 3.69 (8)
R = .25 4.40 (2) 3.65 (2) 4.02 (4)
R = .50 4.62 (5) 4.32 (22) 4.37 (27)

All females 4.56 (7) 4.12 (32) 4.20 (39)

753



C. J. SMYTH, C. W. COTTERMAN,AND R. H. FREYBERG

females. The classification of relatives into -normal and
hyperuricemic groups should therefore prove to be a
more difficult task in the case of females.

HYPOTHESISOF A DOMINANTGENE

So far our analysis has shown merely that some
genetic factors in addition to sex may be assumed
to account for variations in serum uric acid levels
among relatives of gouty patients. Whether it
would be profitable to carry this analysis further,
by postulating a single gene for hyperuricemia, de-
pends largely on the form of the distribution of
urate levels found among the 87 relatives. For
example, if instead of blood uric acid levels we had
recorded the statures of the relatives of 19 ex-
ceptionally tall men, we would have anticipated re-
sults very similar to those described above. Males,
in general, would be taller than females; the
statures would increase with increased relationship
to the tall men; and older relatives would be found
to be taller than younger ones, although the latter
fact might escape detection in a regression equation
if adequate numbers of the younger relatives had
not been recorded. However, the statures would
probably be normally distributed about the means
for any age and sex group. Hence, any sub-
division of the relatives into "tall" and "normal"
would be quite arbitrary, and the hereditary com-
ponent in stature would be more readily explained
on the basis of an inter-play of a large number of
genetic factors.

On the other hand, if most of the variability in
serum urate levels were determined by a single
gene for hyperuricemia, we should expect a bi-
modal frequency distribution of these levels pro-
vided that the separation between the normal and
abnormal genotypes were not obscured by rela-
tively large non-genetic variations. Now, it is
known that the fasting serum uric acid level is far
from a fixed individual characteristic, even at a
constant age. Various environmental factors, in
addition to technical errors, are thought to be ef-
fective in producing marked fluctuations in serum
urate determinations when tests are made in single
subjects over short intervals of time.

Despite these important individual variations
which might be expected to account for the mis-
classification of some of the relatives, the frequency
diagrams of Figure 3 do suggest a bimodal distri-
bution of U among relatives of both sexes, and we

have considered it of interest to classify the rela-
tives on the basis of the minimum points in these
distributions, viz., 6.0 mgm. per cent in males and
5.0 mgm. per cent in females. The former level
agrees with the criterion for pathological hyperuri-
cemia commonly adopted by workers using the
Folin procedures. It also agrees with the lower
limit found in most cases of gouty arthritis, as is
shown by our own data (Figure 3). The lowering
of the critical level to 5.0 mgm. per cent in females
is suggested by the frequency diagram for females,
and this accords with the information cited above
from general chemical studies (Table II), namely,
that the distributions for the two sexes have ap-
proximately equal variances with a mean differ-
ence of about 1.0 mgm. per cent.

Using these critical levels 10 of the 48 male rela-
tives and 11 of the 39 females are classed as hy-
peruricemic. These individuals are shown in Fig-
ure 1 by shaded squares and circles, and it is seen
that the distribution of hyperuricemic individuals
in the 19 pedigrees conforms rather closely with
what one might expect if such kindreds were segre-
gating for a dominant autosomal gene for hyper-
uricemia.

19 GOUTPATIENTS
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TABLE VII

Observed numbers of hyperuricemic (H) and normal (N)
children among offspring of various matings

Sons
omitting Daughters
propositi

Matings.

Over Under Over Under
16 yr. 16 yr. 16 yr. 16 yr.
H:N H:N H:N H:N

(A) Gouty fathers X hyper-
uricemic mothers 4:0 1:0

(B) Gouty or hyperuricemic
fathers X normal or un-
tested mothers 3:7 0:12 0:4 2:3

(C) Normal or untested
fathers X hyperuricemic
mothers 3:0 0:2 2:2 0:1

Total, (B) + (C) 6:7 0:14 2:6 2:4

An enumeration of the children arising from
various matings having at least one hyperuricemic
parent gives rise to Table VII. In constructing
this table, allowance was made for the fact that
those sibships which contain the original patient
or propositus are biased in favor of hyperuricemic
members. The propositus in each case must there-
fore be omitted. For example, in enumerating the
children of a hyperuricemic woman, such as the
mother of S, the patient S is omitted and only his
sibs are counted, thus giving two hyperuricemic
sons, two hyperuricemic daughters, and two nor-

mal daughters. Similarly, patient R, whose mother
is hyperuricemic, is not counted, because having
served as the propositus, it follows that he was

necessarily gouty, and therefore, with high prob-
ability, hyperuricemic. On the other hand, all of
I's children are counted since this sibship was

brought to light not through one of the hyperuri-
cemic sons, but through I himself. A fuller ex-

planation of this procedure will be found elsewhere
(13, 14).

Discounting those matings in which both parents
are hyperuricemic, the remaining sibships contain
six hyperuricemic and 21 normal sons. This con-

stitutes a significant departure from the expected
1: 1 ratio. However, when sons below 16 years of
age are omitted, the ratio becomes six hyperuri-
cemic: seven normal sons. Thus the data con-

cerning male relatives are in agreement with the
hypothesis of dominant autosomal inheritance if
one assumes that the metabolic change resulting in

hyperuricemia is one which is not manifested in
males until about the age of puberty.

Among daughters in the same series of matings
(Table VII) four are classed as hyperuricemic, 10
normal. This small number of observations is in-
sufficient to show whether heterozygous females
can be regularly distinguished from normal fe-
males by their serum urate levels. There is no
suggestion here of an age difference in females sim-
ilar to that found in males. However, it is pos-
sible that such may exist, for it is stated by Stecher
and Hersh (7) that "hyperuricemia occurs with
nearly ten times the normal frequency in brothers,
sisters and sons, but not in daughters of gouty pa-
tients." 4 In Talbott's study (5) males and females
were classified alike, using 6.0 mgm. per cent as
the criterion for hyperuricemia, and the results
show a significantly higher proportion of hyperuri-
cemic males (27 out of 79) than hyperuricemic
females (seven out of 57). The serum urate
levels of these seven females were also lower than
those characteristic of hyperuricemic males, viz.,
6.2, 6.2, 6.4, 6.7, 7.0, 7.0, and 10.7 mgm. per cent.

The detection of heterozygous female relatives
by means of their urate concentrations is a diffi-
cult one, and it may be questioned whether any
significant success has been achieved by classifying
as hyperuricemic those females having urate levels
exceeding 5.0 mgm. per cent. More specifically,
we may ask whether the 11 females thus classified
are distributed among the 19 pedigrees in a man-

TABLE VIII

Female relatives classified according to their probabilities of
possessing the abnormal gene

Probability of possessing
abnormal gene as judged

Female relatives from male relatives

P-i P-1 P-O P-0

Hyperricemic (U>5.0 mgm. %) 3 7 0 1
Normal (U< 5.0 mgm. %) 0 19 2 7

4 In a full report of their genetic studies now in press
(Ann. Int. Med.), Stecher, Hersh, and Soloman report

the finding of a significantly increased incidence of hyper-
uricemic female relatives beyond the age of menopause.
No age effect in males was noted, but their series includes
only a few relatives under 20 years of age. The possi-
bility that hyperuricemia becomes most evident in males
at puberty and in females at menopause is interesting in
the light of hormonal studies of Wolfson et al. (see
below).
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ner better suited to the hypothesis of a dominant
gene than would be the case for any 11 females
taken at random among the 39 females tested.
Table VIII shows that this is apparently the case.
In this table each tested female is classified accord-
ing to her probability, P. of possessing the ab-
normal gene, such probability being inferred from
the distribution of hyperuricemic males in her pedi-
gree. For example, on the assumption that all
males who are heterozygous have been correctly
identified, it is certain (i.e., P = 1 ) that any woman
whose son is hyperuricemic and whose husband is
not, is herself heterozygous. Of the three females
thus judged to be heterozygous (Table VIII, col-
umn 2) all occur in the hyperuricemic range. For
the eight unrelated wives of the propositi, the prob-
ability of possessing the relatively rare gene for
hyperuricemia approaches P = 0, and only one of
these is hyperuricemic. For most of the remaining
female relatives the probability of heterozygosity
is approximately P = Y2, and in this group we
find an intermediate ratio: seven hyperuricemic
among a total of 26. The proportion 726, however,
is significantly less than the expected proportion,
P = 1/2. It is therefore probable that some hetero-
zygous females are not detectable, even when a
liberal reduction in the critical level for hyperuri-
cemia is made. Although no case occurs in our
material wherein a gouty patient possesses parents
both of whom were found to have normal blood
uric acid levels, such might therefore be expected,
particularly when the hereditary factor was derived
from the mother.

Because gouty arthritis occurs much more fre-
quently in males than in females, Talbott (15) has
suggested that the responsible genetic factor may
be sex-linked. This is made unlikely by the com-
mon occurrence of gouty or hyperuricemic sons
of gouty male patients, as is seen in the two fami-
lies illustrated in Talbott's paper (5), as well as
in several families in our own series and in the
studies of Stecher and Hersh (see above). Under
sex-linked inheritance one would also expect
higher average urate levels, or a higher incidence
of hyperuricemia, among daughters of hyperurice-
mic males than among daughters of hyperuricemic
females. Our data (Table VII) give no sugges-
tion of such a difference.

DISCUSSION

In this paper we have attempted to explain the
inheritance of essential hyperuricemia and gout as
due to a dominant autosomal (i.e., not sex-linked)
gene. Being relatively rare, this gene occurs in a
small proportion of males and females who are
heterozygous for it; that is, in individuals who
have inherited the abnormal factor from only one
parent. There is no evidence to suggest what the
primary biochemical or developmental effect of this
gene may be. Wemay say only that its presence
in the heterozygous condition is detectable in a
large percentage of cases by an elevated uric acid
level in the blood, and in a much smaller percent-
age of cases, by clinical symptoms of gout. In dis-
cussing the genetics of gouty arthritis and hyper-
uricemia, care must be taken to distinguish these
two states, and our discussion will first deal with
hyperuricemia per se.

The proportions of hyperuricemic relatives to
be expected if heterozygotes were invariably af-
fected are approached when one makes allowances
for the factors of age and sex. Reasonably good
agreement is obtained in our material by lowering
the critical level for hyperuricemia from 6.0 mgm.
per cent in males to 5.0 mgm. per cent in females,
and by discarding all male children under 16 years
of age. The first of these corrections seems to be
justified by a well-established difference in the
serum urate levels of normal adult males and fe-
males, although the deduction of a full milligram
may prove to be excessive. The second correction
is based wholly on our own data. Classifying
males and females separately there still appears to
be a deficiency of hyperuricemic relatives, but this
is conspicuous only among the relatives making up
the final generations in the pedigrees (Figure 1).
The deficiency is no longer apparent among the
males when children under 16 years of age are
excluded. Such a result is commonly observed in
pedigrees of retinitis pigmentosa, muscular dys-
trophy, and numerous other dominantly inherited
diseases that have a late age of onset of symptoms.

Concerning the age factor Talbott (5) states:
"It is believed that this [hyperuricemia] is a mani-
festation of a familial tendency. If this assumption
is correct, it is probable that an increased concen-
tration is present at birth or shortly thereafter,
although the youngest age observed by us was 14."
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Only three of the 34 relatives classed as hyperuri-
cemic in Talbott's study were under 18 years of
age, these being males aged 14 yr., 17 yr. and 17
yr., having urate levels of 6.4, 6.6 and 7.0 mgm.
per cent, respectively. It therefore seems likely
that Talbott's data would give evidence of an age
effect in males similar to that observed in our ma-
terial. The finding that marked hyperuricemia is
rare before puberty does not, of course, exclude
the possibility that a less pronounced elevation may
be present, in which case a genetic classification of
children might still be feasible. Statistical studies
of urate levels in normal subjects of all ages are
thus greatly needed for the further study of the
genetic carriers in this disease.

Of the 24 hyperuricemic relatives in our study
only three were found to have gouty arthritis, and
all of these were members of the somewhat unusual
family P. Obviously such data throw little or no
light on the question as to what factors, in addi-
tion to hyperuricemia, may be necessary for the
production of clinical gout. However, it would
seem worthwhile to point out that the two chief
peculiarities which have long been known regard-
ing gout-its predilection for males and its oc-
currence in middle life-are strikingly paralleled
by the facts regarding urate levels of the genetic
carriers. If, given the presence of other necessary
conditions, the probability of gouty symptoms in-
creases with the absolute level of hyperuricemia
reached and with the duration of this condition,
then at least a partial explanation would seem to
be offered by the differences in the serum urate
levels themselves. Thus, the relative infrequency
of gouty arthritis in women might be attributed in
part to the fact that the abnormal gene, although
occurring as frequently in females as in males, has
a smaller average effect in elevating the urate level
in this sex. This, added to the lower normal urate
level in females, results in a much less pronounced
degree of hyperuricemia in most of the female car-
riers. Similarly, the fact that gouty arthritis is
principally a disease of middle age is enforced by
the finding that marked hyperuricemia is appar-
ently not reached in affected males until about the
age of puberty. These "explanations" do not, of
course, exclude the existence of other factors which
may be important in the production of gouty symp-
toms and which are wholly unrelated to changes in

the urate concentration of the blood. The fact that
other provocative factors are necessary for gouty
arthritis is argued by most workers in this field.
In this connection, a recent report of Wolfson and
co-workers (16) is of interest. These authors
found a markedly reduced excretion of 17-keto-
steroids in patients with gout, but not in patients
having non-gouty hyperuricemia.

Wemay briefly mention one complication which
arises in connection with the theory of inheritance
which we have proposed. If we assume that a
single dominant gene is necessary for hyperurice-
mia and gout, it is evident that this gene must be
considerably more frequent in the general popula-
tion than one might suspect from the incidence of
gouty arthritis. In our study only three gouty
relatives were found among 24 relatives classed as
hyperuricemic. In Talbott's study three were
found among 34 hyperuricemic relatives. The sex
and age distributions of the relatives in these two
studies do not differ markedly from those of the
general population. Combining the two series, we
may take 6/58 or 1/10 as an estimate of the pro-
portion of heterozygotes of all ages who, at any
given time, will manifest clinical gout. Among pa-
tients visiting arthritis clinics, our own experience
agrees with that of other workers in showing that
about 4 per cent are victims of gout. Assuming
that gout occurs with the same frequency among
that fraction of civilians (viz., 2.2 per cent) who
are found in health surveys (17) to have histories
of "chronic arthritis and rheumatism," we would
judge the incidence of gout to be 0.04 x 0.022 or
88 per 100,000. The frequency of all persons
carrying the gene for hereditary hyperuricemia
would thus be estimated to be 10 x 0.00088 or 0.88
per cent. In this calculation the figure 0.00088 is
probably too large, since arthritis clinic patients
may represent a selected group with respect to
gout. On the other hand, the factor 10, taken as
the ratio of total carriers to gouty persons, is
probably too small, since a considerable number of
asymptomatic carriers (especially young males, and
females in Talbott's data) have not been detected
as hyperuricemic. The two errors may therefore
tend to compensate one another in the product.

Taking 0.88 per cent as the frequency of hetero-
zygotes, we should expect matings between two
heterozygous individuals to occur with a frequency
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of (0.0088) 2 or about 8 per 100,000, and the
frequency of homozygotes would be one-quarter of
this value, or about 2 per 100,000. Now, it is
known that certain so-called dominant genes in
man are not completely dominant, but produce a

more severe abnormality in the homozygous state
(1, 2), and it is suspected that such may be the
case for many pathological genes. If it were true
of the gene for hyperuricemia, and if homozygotes
were invariably gouty at an early age, while hetero-
zygotes were only occasionally (%o) afflicted, we

should expect these two forms of gout to occur in
the ratio 2/100,000:88/100,000, or 1 homozygous
case to 44 heterozygous cases.

Furthermore, if homozygous gouty patients were

more severely affected than heterozygous patients,
such persons would be more likely to visit special
clinics and serve as the propositi for family investi-
gations. Unless the homozygous condition were

lethal in early intrauterine life and therefore unob-
servable, it seems likely that homozygotes should
make up a small, but appreciable, proportion of the
clinical cases. Such cases might be expected to
show earlier and more severe manifestations, as in
a patient described by Ludwig, Bennett and Bauer
(18). Both parents would be expected to be hyper-
uricemic, although neither would necessarily have
symptomatic gout. As in the case of rare reces-

sive abnormalities, such cases would be expected
to arise with greater probability from consanguine-
ous matings. With the estimated frequency of 2
per 100,000, homozygous patients would perhaps
be found to have parents related as first cousins in
about 5 to 10 per cent of cases (cf. Dahlberg
[19]).

It is interesting that patient P in the present
series of families has both parents in the hyperuri-
cemic range according to our classification. One
or more members of his sibship might therefore
be homozygous, and indeed all of these affected
brothers showed rather early ages of onset of acute
attacks (6). One might also think of modifying
environmental or genetic factors in interpreting
families Gand P. In any event, biochemical tests
on both parents in all branches of a family might
be expected to throw considerable light on the
above-mentioned questions. This is a defect in our

investigation which should be remedied as far as

possible in future studies,

SUMMARY

Data are presented on 87 relatives of 19 gouty

male patients. Hyperuricemia in these families is
apparently due to a single autosomal dominant
gene, but only a portion of the heterozygotes for
this factor develop recognized gouty arthritis. Sex
and age are also significant factors affecting the
level of serum urate, and these factors must be
taken into account in classifying relatives into
"normal" and "hyperuricemic" groups. Males
who possess the abnormal hereditary factor ap-

parently seldom develop marked hyperuricemia be-
fore the age of puberty. When males under 16
years of age are disregarded, the proportions of
hyperuricemic male relatives approach those ex-

pected on the assumption that heterozygotes are

invariably hyperuricemic. By reducing the criti-
cal level for hyperuricemia from 6.0 mgm. per cent
in males to 5.0 mgm. per cent in females, the pro-

portions of hyperuricemic females still fall some-

what short of the expected values.
The data are consistent with the view that gouty

arthritis may develop in an individual of either sex

who possesses sufficiently elevated serum urate
level for sufficient time, this being less probable
in heterozygous females owing to a lower normal
level in women and to a lessened effect of the
pathological gene in this sex. It is shown that
the gene for essential hyperuricemia must be con-

siderably more common than one might suspect
from the incidence of clinical gout, and that ho-
mozygotes for this gene should therefore be ob-
served occasionally.
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