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SUMMARY

The distribution of serum wuric acid levels was
studied among more than 10,000 subjects of the
ABCC-JNIH Adult Health Study (AHS). The
curves appeared to be unimodal. Mean levels for
males (5.62 mg/100 ml in Hiroshima, 5.47
mg/100 mlin Nagasaki) were higher in all age groups
than female values (4.22 mg/100 ml in Hiroshima
and 4.03 mg/100 ml in Nagasaki). A tendency
toward decreased mean levels with age was noted
among males, while increased levels occurred in
older females.

Subjects with low uric acid values (<2 mg/100 ml)
were identified. These were found 9 times more
frequently among females. Five hypouricemic
subjects in the AHS group plus 6 others underwent
special tests of renal function. All those with low
uric acid levels showed evidence of elevated uric
acid excretion. Renal tubular defects were noted in
three, and possibly two other, subjects.

INTRODUCTION

The metabolism of nucleic acids and their major
end product, uric acid, has been extensively worked
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out. ! Also, a great deal is known about the renal
excretion of uric acid,® and about pharmacologic
agents and disease states which influence this.! '?

Most studies on uric acid emphasize higher than
normal levels in recognition of their association
with gc)ut.1 There have been only a few studies of
low levels of uric acid probably because no mor-
bidity is known to be caused by hypouricemia per
se. However, low or high levels have been associated
with certain inborn errors of purine metabaolism® ?
and with possibly hereditary renal disorders.l>#5
Uric acid levels have been shown to be influenced
by starvation, social class (occupation), sex, and
nutritional intake, as well as a variety of drugs.

The purposes of the present report are to describe
the distribution of serum uric acid levels in ambula-
tory Japanese subjects, and to identify cases with
very low levels. The latter objective stems from
studies al ABCC on possible renal tubular defects®
shown by careful balance studies by one of us (JWW)
in 1966. Although these studies could not be
completed on all cases and their close relations, the
available data are recorded to permit initial conclu-
sions about this condition and to provide a basis for
future observations.

METHODS

Serum uric acid was determined for both cities in
the Department of Clinical Laboratories in
Hiroshima by automatic analysis (Technicon Auto
Analyzer, Method N-13a) beginning in 1965, mid-
way in the 4th cycle of routine biennial clinic
examinations involving the AHS.®'7 This cohort
had about 20,000 persons when selected in 1950;
in the present survey 11,578 subjects were tested
in the two cities during the 6th cycle (1968-70) and
make up the study group for distribution of uric
acid levels.

It is pertinent to indicate that uric acid levels have
been shown to be unrelated to A-bomb exposure
dose in Hiroshima and Nagasaki.® Subjects diagnos-
ed as having gout or gouty arthritis were not
enumerated or classified by uric acid level since the
number is small (15 cases diagnosed, both cities,
1958-68 — Tab 02035.1-.3), and these have been
studied previously.9

Uric acid values obtained from the same AHS
sample over a longer period of observation (1966-70)
were analyzed to obtain as complete a list as

MahTuwa. ! F/, BMORBEHE? 4501278
CEHEEARIETERENME S L CEBRIEL. 2 -5 0
TLECDHAIFRDBEh T B,

FREEIZMT 513 AL OMETIE, REEBESE ORMI-
B e s 0Bz, EEEELD 650
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possible of individuals with low uric acid levels.
For this purpose cases were selected if they had
levels of 2 mg/100 ml or less, a value which includes
about the lowest 5% of the female population.

Eleven subjects were studied in detail in the ABCC
ward in Hiroshima. The tests performed have been
previously described.* The major procedures were:

1) Clearance studies of creatinine, uric acid, and
phosphorous using stanaard techniques,'®

2) Acidification of the urine by orally adminis-
tered ammonium chloride,'! and

3) Measurement of urinary amino acid levels.'? *

RESULTS

Uric Acid Levels in AHS Subjects. From the 11,578
tests for serum uric acid made during routine clinic
visits, values on 10,776 subjects were available for
analysis (Tables 1,2). The mean levels for males in
Hiroshima (5.62 mg/100 ml * 1.44 SD) and
Nagasaki (5.47 mg/100 ml * 1.40 SD) were
considerably higher than corresponding levels for
female groups at all ages (Figures 1 and 2). For
subjects between 25 and 65 years, Hiroshima males
had higher values at each age, but the differences
were not uniformly significant. Mean values for
females were similar in each city (4.22 mg/100 ml in
Hiroshima, 4.03 mg/100 ml in Nagasaki).

Levels in males remained fairly stable over all age
groups although a tendency to lower average uric
acid values with aging can be noted. Females, on the
other hand, showed increased levels after about age
50 years, but did not approach male levels at
any age.

The distribution of uric acid values is shown in
Table 3 and Figure 3. The curves appear to be
normally distributed. The curves for females, in
comparison with males, are slightly more skewed
for high values.

Since the overall distributions are generally sym-
metrical, average values for the population by sex
and age groups can be regarded as characteristic
for clinical purposes.
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*Kindly performed by Dr. Norio Fujiki, Department of Internal Medicine, Kyoto Prefectural University of Medicine.
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TABLE 1 SERUM URIC ACID LEVELS IN ADULT HEALTH STUDY MEMBERS
BY 5-YEAR AGE GROUP, SEX, CYCLE 6 (1968-70), HIROSHIMA

# 1 BCAGEEEFETE A BE 0 L0 R 5 A AR MARE L - R, o6 LTI (1968—T04F ), Ik b

Uric Acid H# (mg/100 ml)

Age Male Female % Total @t
i No. Mean SD No. Mean SD No. Mean SD
E24 Fifi e (R % e Tl R # Tl R
20-24 17 5.88 1.52 23 446 1,19 40  5.06 1.50
25-29 114 582 1.30 176 4.07 1.02 290 4.76 1.42
30-34 101 5.92 1.31 142 3.95 0.92 243 4.77 1.46
35:39 376 5.82 1:31 556  4.03 1.06 932 4.75 1.46
40-44 402  5.71 1.26 825 3.96 1.03 1227 4.53 1.38
45-49 156 5.46 1.32 632 4.01 1.02 788 4.30 1.23
50-54 234 5.72 1.56 459  4.32 1.16 693  4.79 1.64
55-59 266 5.72 1.58 535 4.36 1,15 801 4.81 1.46
60-64 306  5.46 1.51 551 4.50 1.27 857 4.84 1.43
65-69 278  5.50 1.59 515 442 1.28 793  4.80 1.49
70 + 391  5.32 1.42 511 4.46 1.26 902 4.83 1.40

Total &#t 2641 5.62 1.44 4925 4.22 1.16 7566  4.71 1.43

TABLE 2 SERUM URIC ACID LEVELS IN ADULT HEALTH STUDY MEMBERS
BY 5-YEAR AGE GROUP, SEX, CYCLE 6 (1968-70), NAGASAKI

#2 WAREMIEGEE QMR : 5 FEMRR - 15, 56 BREM (1968—704), B

Uric Acid #& (mg/100 ml)

Age Male 7 Female # Total #t
A No. Mean Sb No. Mean SD No. Mean SD
24 S B MR 2 # TR PG (R 2 ¥ F B
20-24 4 513 0.78 13 3.83 0.87 17 4.14 1.00
25-29 88 5.99 1.26 96 4.04 0.85 184 4.97 1.44
30-34 69 5.62 1.24 133 3.93 0.95 202 4.51 1.32
35-39 235 5.63 1.37 364 3.86 0.96 599  4.56 1.43
40-44 204 5.38 1.21 465 3.83 0.94 669  4.30 1.25
45-49 65 5.44 1.30 266 3.93 1.00 331 4.23 1.22
50-54 151 526 1.41 150 4.00 0.96 301 4.63 1.36
55-59 140 5.29 1.48 117 4.41 1.40 257 4.89 1.51
60-64 128 5.16 1.57 108  4.66 1.32 236 4.93 1.44
65-69 124 571 1.45 106  4.57 1.36 230 5.18 1.52
70 + 86 5.46 1.48 98  4.36 1.28 184 4.88 1.48

Total &#t 1294 547 1.39 1916 4.03 1.08 3210 4.61 1.41
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FIGURE 1 1968-70 MEAN SERUM URIC ACID AND 95% CONFIDENCE INTERVALS
BY AGE AT EXAMINATION, CYCLE 6, HIROSHIMA
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FIGURE 2 1968-70 MEAN SERUM URIC ACID AND 95% CONFIDENCE INTERVALS
BY AGE AT EXAMINATION, CYCLE 6, NAGASAKI
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TABLE 3 FREQUENCY DISTRIBUTION OF SERUM URIC ACID LEVELS
BY CITY AND SEX, CYCLE 6
# 3 MiEFEEMEOE LS4 B - 3, 5 62%EEM
Total @t Hiroshima /=4 Nagasaki fei
Uric Acid
I g Total Male Female Total Male Female Total Male Female
mg/100ml it % % i 7 # it 9 i
Total &3 10776 3935 6841 7566 2641 4925 3210 1294 1916
<1.0 11 1 10 7 7 4 1 3
1.0-1.4 9 2 7 4 4 5 2 3
1.5-1.9 56 2 54 40 40 16 2 14
2.0-2.4 220 20 200 155 14 141 65 6 59
2.5-2.9 576 63 513 367 36 331 209 27 182
3.0-3.4 1189 136 1053 823 89 734 366 47 319
3.5-3.9 1526 235 1291 1060 162 898 466 73 393
4.0-4.4 1660 357 1303 1166 230 936 494 127 367
4.5-4.9 1525 539 986 1087 355 732 438 184 254
5.0-5.4 1273 638 635 902 416 486 371 222 149
5.5-5.9 874 532 342 620 355 265 254 177 77
6.0-6.4 626 425 201 445 291 154 181 134 47
6.5-6.9 470 359 111 339 252 87 131 107 24
7.0-7.4 305 248 57 219 172 47 86 76 10
7.5-7.9 150 134 16 106 95 11 44 39 5
8.0-8.4 126 97 29 89 63 26 37 34 3
8.5-8.9 79 67 12 57 417 10 22 20 2
9.0-9.4 46 36 10 37 28 9 9 8 1
9.5 + 55 44 11 43 36 7 12 8 4




Hypouricemia in AHS Subjects. One of the
purposes of this report is to identify subjects with
low uric acid levels. A period more extensive than
a 2-year cycle was studied (1966-70). AHS
subjects with uric acid levels <1 mg/100 ml and
1-2 mg/100 ml are listed in Appendix A. There
were 111 subjects in Hiroshima and 58 in Nagasaki
with values of 2 mg/100 ml or less among persons
tested during 1966-70.

Among males there were six in each city with
values of 2 mg/100 ml or less who were detected
during the two-cycle period. It is clear that low
values are found predominantly in females, and
this is most probably attributable to hormonal
effects.!  The age-specific distribution of low uric
acid levels for Cycle 6 among females is shown in
Table 4.

Special Observations in Hypouricemia.  During
1966, 11 subjects underwent detailed studies. Five
of these (Subjects I-V) were from the AHS group.
Brief case histories are given in Appendix B. Two
subjects (Cases I and III) had family members who
were also studied (Cases Ia, Ib, IIIa and IIIb).
Subjects VI and VII had normal uric acid levels and
volunteered to serve as controls.

Results of laboratory investigations are shown in
Tables 5 and 6. Clearance studies and responses to
oral ammonium chloride are given in Table 7.

Among the subjects with hypouricemia, evidence
of abnormally elevated uric acid excretion was
noted in each. In these, renal clearances of uric
acid ranged from 82%-144% of endogenous creati-
nine clearances (normal about 10%). In the
relatives of index cases this range was 11.2%-17.0%,
and in one control subject (Case VII) this was 16%.
None had evidence of systemic acidosis, radiologic
evidence of Fanconi syndrome or hypocalcemia or
uremia. The final impressions regarding the associa-
tion of low uric acid and renal tubular function are
shown in Table 8.

Studies were completed on relatives of subjects I
and III. No tubular defect of hypouricemia was
found although one daughter (Case IIla) had a
borderline defect. Thus, these studies are not
sufficiently extensive to make any conclusion about
hereditary aspects in these subjects.

The subjects’ clinic records contain details concern-
ing the responses to oral NH4Cl. From the data
(abbreviated in Table 7), it is difficult to draw

MAZEAEGRFICSIZERBOE. FHS0HN
D=2, REROEVE 2METI241265. 20
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TABLE 4 AGE-SPECIFIC DISTRIBUTION OF LOW SERUM URIC ACID LEVELS IN FEMALES, CYCLE 6*
#£d4 ERBELBL-CED MR GG, & 6 st

Hiroshima /&
Age ATB

Nagasaki i

Total #f

I 4

Subject  Number %
M BE 1Al %4

Subject Number %

o R ¥

Subject Number %
17 &% xF B B (LR

Uric Acid JR#

Uric Acid

<30 196 - 107
30-39 678 2 0.3 492
40-49 1433 3 0.2 726
50-59 978 i 0.1 263
60-69 1051 e 211
70 + 503 1 0.2 98
Total 4848 7 0.1 1897
<30 196 2 1.0 107
30-39 678 8 1.2 492
40-49 1433 25 1.7 726
50-59 978 11 11 263
60-69 1051 9 0.8 211
70 + 503 4 0.8 98
Total 4848 59 1.2 1897

<1 mg/100 ml

— 303 -

2 0.4 1179 4 0.3

1 0.1 2159 4 0.2

- 1241 1 0.1

- 1262 -

- 601 1 0.2

3 0.2 6745 10 0.1
43 1-2 mg/100 ml

- 303 2 0.7
10 2.0 1179 18 1.5

9 1.2 2159 34 1.6

4 1.5 1241 15 12

1 0.5 1262 10 0.8

- 601 4 0.7
24 1.3 6745 84 1.2

*Based on AHS subjects examined I July 1968-31 May 1970.
1968iE7 B1 A S1970FE S5 ASLA 2 COM ARERELRE - <.

conclusions since the controls show similar maxi-
mum hourly excretions of acid and ammonium as
well as minimal pH levels.

With respect to amino acid excretion, Subjects IV
and V, who have elevated uric acid output, show
possible increased urinary levels in 24 hours. Indivi-
dual amino acid excretions were obtained and are
recorded in Appendix C. One additional family
member was tested, a daughter of Case V. No
abnormalities are apparent.

Three subjects (Cases I, 11, IV) had repeat clearance
studies after Probenecid (Table 7). This drug blocks
tubular resorption of uric acid, and presumably, if
uric acid excretion is not already maximal, a
further increase will ensue.'> This seemed to be
the case in Subject I, while there was slight increase
in Case IV. Case IlI, however, showed a marked
increase in both creatinine and uric acid clearances.
Since this drug is alleged not to affect creatinine
clearance some other effect may be operating such
as an increase in renal blood flow, or the initial
study may not have been truly basal.

FUTYEZT LD LMY A0 o APt &
pHffilx, WHHEIC L TLREBTE-ADT, i
CotirMiETd 5.

T3 /RN WTIE, TRERHEHE O BN A R U 25
PIN & & O Vic2asE R R 7 3 2 B HEHE A 800 L T v
SUHEMEHD RO 5 h. BWO T 3 7 B+ & T H
BRCIZR L. 20N, EHRO 1A, T48bb, M
VORBIZOWT b MEGTA -2, BEEEH LS
bl 2 f:.

SE(REFT, WM, N)iz#tlL Tk, o4y Fis
I, BB TINT Sy ARBERITA7(FT).
ZOANL, MIREOREBRERNEELET 50T, Fig
HEME A R ARICEL T unla, HhtEoks b~
5T EEALNS. T FEHITIE, 20k35408 55
cEBhh, EFANICLBEOMINAED 5h —F,
RN ZLTF=y, REBZYV 7S5y ALbI22L
WIHNET LA, COEMZ 7 LTF=v - 2T 5y
ZIEEERIZE AV EVhATWAOT, SEILED
Wit workkak, SO MOMBENERAL TV
DA, HEVERAOMEZEFFLIEBNTIE L, -
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TABLE 5 BLOOD TESTS ON HYPOURICEMIC SUBJECTS, FAMILY MEMBERS, AND CONTROLS

£5 (EREMESE, Z0OFHESL OB O M M%E N E
Subjects i {7

Tests

HEEA I Ia Ib 11 III IITa IIb v v VI VII
Uric acid E# (mg/l00ml)  1.0,0.8 4.3 51 0.7, 0.8 0.5,0.6,04 29,2.8 3:8.3.5 .8,.4,.5 .6 4.6 5.1
Urea IZEN » 22.0 15.4 14.0 12:5 8.3 10.9 10.3 9.2 12.4 19:3 14.6
Creatinine FLTFZ¥ » 1.1 0.95 1:15 1.0, 1.02 .64, .76, .72 .73, .59 .76, .62 93,.59, .8 .79 — 1.16
Calcium ANyThH 9.3 10.2 9.6 9:5 9.4 9.5 9.5 8.8 8.3 - 9.9
Phosphorous # » 3.07 4.29 3.30 3.98 4.08 4.17 4.00 3.01 4.08 - 3.60
Glucose, fasting ZEpirF mk » 100, 92 - - 112 98 90 94 87 70,93 100 -
Cholesterol 2L 25 0—n » 235 - - 270 189 - 128 254 239 - -
Sodium + +FYv 4 (meall) 142 138 137, 141 137 137 140 138 142 - 142
Potassium AT L 4.0 3.7 35 4.3 3.9 4.0 3.9 3:7 4.0 - 3.9
Chloride HE L » 104.3 102.7 105.6 102.8 101.3 102.5 108.8 110.3 104.3 - -
Bicarbonate WMjERIE  » 26.3 - - 28.8 255 27.4 2.1 229 25.6 - 19.9
Alkaline phosphatase  (units) 3.37 4.93 5.74 6.96 5.68 411 4.40 3.08 6.06 - 1.95
TRAVET + 27 75 —%
SGPT E 8.6 - - 12.0 14.1 - - 8.5 = — 6.1
SGOT 14.0 - - - - - - - 15.3 - 12.8
WBC U (Count/mm’) 7100 6400 6650 7100 11200 6300 6950 7000 7300 4500 5050
Total protein &% (g/100ml) 8.21 - - 7.60 7.75 - - 7.60 - - 7.4
Albumin 7 A7z ¥ » 542 - - 5.05 4.58 - - 4.39 - - 4.4
Hgb ~zvov> i 13.0 13.8 14.5 12.4 (Het 40) (Het 36) (Hct 38) 12.8 11.4 11.5 12.4
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TABLE 6 URINE TESTS ON HYPOURICEMIC SUBJECTS, FAMILY MEMBERS AND CONTROLS *
#®6 (KRRRMEH, T0O%FES L UHEEORBEERE

Subjects {EfH

Tests

MEHA I la Ib 11 111 IIa IIIb v v VI VII
Specific gravity (b 1.025 = - 1.020 1.022 1.019 1.022 1.023 1.022 1.025 1.0
pH 3.0 - - 6.0 53 7:0 5.0 6.5 6.0 6.0 5.0
Glucose i fi# 0 - - 0 0 0 - 0 0 0 0
Protein # 01 0 - - 0 0 0 — 0 0 0 0
Calcium # % & % 4 (mg/day) 129.4 143.8 234.2 63.0 67.8 158.4 158.4 168.5 94.6 - 53.5
Phosphorous ” 5194 309.4 612.5 6304 415.4 541.4 448.4 589.7 512.6 - 739.3
Creatinine » v 7+=> 7 600 430 1050 630 830,1120 1030 990 1000 560,760 — 1050
Uric acid RA * 5747 306.0 576.0 688.5 528,621.6 763.2 584.6 723.6 561 - 747.5
Culture 1 i Neg. [&stt — —  Neg. Neg. Neg. Neg. Neg. Neg. - -
PSP (% in 15 min)
PSP il ( 15% R i 0 % ) 38.6 - - 358 41.5 — = = 28.3 - -

*See Appendix B for case histories.
HEEWOFEIZ > TI2{T4#B * 2.
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TABLE 7 RENAL CLEARANCES AND RESPONSES TO AMMONIUM CHLORIDE IN HYPOURICEMIC SUBJECTS, FAMILY MEMBERS & CONTROLS
#T7 ERBMES, ZOFESLIUMBEOE 70T Y AL BT >E2Y 4120684 3 KiG

Subjects EH

Test

HRAEWE 1 Ia Ib 1 III IIla 1IIb v v VI VII

Creatinine clearance
Zilbe T E=2 YT IR (ml/min) 40.88% 31.4 63.4 43.7 82.3**  1(8.3 99.7 75.01 79.1 62.8
Corrected t0 1.73 m2 1.73m® 12 #+ 2 W Ejii 54.4 42.8 54.0 89.0 124.9 115.0 90.0 107.7 71.9
Uric acid clearance R#&t2 )7 5 » 2 44,33% 4.94 7.8 63.7 66.7%* 18.6 11.2 62.8 64.8 10.2
Corrected to 1.73 m? 1.73m? 123+ 5 WL 59.0 6.73 78.7 72.1 21.5 12.9 75.4 88.2 11.7
Phosphate clearance gtz 75 > 12.0 5.00 12.9 10.95 7.06 9.02 i 13.6 8.7 14.3
Corrected to 1.73 m? 1.73m? 1= %+ 2 W E i 16.0 6.81 13.50 7.60 10.4 8.9 16.3 11.8 16.4

Urine response to ammonium chloride
w7 v 2=y At T 3 RER

(2-8th hour) ( 2 — 8 B Rl i)

Maximum titratable acidity (ml/hr) 10.62 12.9 8.94 . 4.2 12.6
I oA il 7 W FE
Maximum ammonium excretion (mg/hr) 9.5 19.9 24.9 15:5 27.0
BeAT R AHER
Minimal pH /) pH 5.56 5.76 4.82 5.99 5.65

*Clearances (corrected) after Probenecid: creatinine 51.8 ml/min, uric acid 58.0 ml/min.

Fosi iy Fif5#o s 75 > A(WMEM): sL7F=> R
**Clearances (corrected) after Probenecid: creatinine 116.9 ml/min, uric acid 116.8 ml/min.

TasRiy oy FS5E0 7T 72 A (WEf): LT F= > iR RE

T Clearances (corrected) after Probenecid: creatinine 91.6 mi/min, uric acid 92,8 ml/min.

7Rty FiEE#HD s T Iy A(BEM): 7L T7F= > IR &



TABLE 8 RENAL TUBULAR DEFECT IN STUDY SUBJECTS

# 8 TR o MO IR A S
. Consanguinity
Case No. MF No. Azeat Sex S I AR HE 45 Tubulag
= Exam Group _ Defect*
EHER MF&S 51 _
e AR W Parents  Other HE bR BN
[Gig:) O
Low uric acid cases I 49 F  ME200 4 +
R B o0 4 v 1) il 54 E ME200
11 42 F ME200
v 41 F  ME200 + + +?
\% 64 F  ME200 +?
Family members Ia 55 F MEZ Sister of I #Eff [ o il + + -
FEA Ib 59 M MEZ Lst cousin of I & I D v x = + —
IIa 21 F  MEY Daughter of IIT [ o 2 £
IIIb 17 F MEZ Daughter of IIT #E{A M ot -
Non-related controls VI 65 F MEZ ?
DA B VIl 36  F Employee %iiigsa -

*+ = defect present %4 5 0 -
? = insufficient data ¥4+ 4

= defect absent % % L

DISCUSSION

The mean values for serum uric acid in ambulatory
Japanese members of the AHS are slightly higher
than reports from studies in the U.S. and Northern
Europe. Mikkelsen et al'® reported from the
Tecumseh study, mean levels of 491 + 140
mg/100 ml for males and 4.17 + 1.16 mg/100 ml
for females, all ages combined. In the Framingham
{Massachusetts) Heart Disease Study population,™
mean levels were, males 5.12 £ 1.11 mg/100 ml and,
females 4.00 £ 0.94 mg/100 ml. The distribution
curves and age and sex relationships were similar in
Japanese and Caucasians.

On the other hand, higher values than those found
in AHS subjects have been noted in some Southeast
Asian countries.! Care must be exercised in these
comparisons since different methods for determina-
tion of uric acid levels have been used. Neverthe-
less, values found at ABCC are generally similar to
other developed areas.

For very low levels of uric acid, insufficient data
are published for comparison with the present
survey. However, in Tecumseh uric acid values of
1-2 mg/100 ml were reported’® in 0.9% of the
males tested and in 1.1% of the females. Again,
comparison is difficult since this study included
children with normally lower values.!
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; T = partial defecr 515 u ; +? = questionable defect % 0 5 v ;

£ =

:f\
Dé

R N il B 5 2 T b o b ZWHAO0FAMBECHTS
ML PR A 0 F L, RKES Z VIO AT L THE
ENAMEEDERRE . Mikkelsen 5 8 (1,
METTNTOEMRE G L A2BEOTRHMIE, BT

4.91+1.40mg,” 100 ml , L1 C4.17+1.16mg -~ 100 ml

LalidE L Twvwa, Framingham i ( Massachusetts J|]) @

Gt AL 0 T, P B4E5.12+1 . 11ng
100ml , 24.00+0.94 mg.” 100 ml ¢ & - 7-. 54
A IS S UoME R, HEALAA LR
Th-H7=.

Tecumseh

FTHRIZRLT, AT VYT TIERARBERECED M
VO LEuEAHEEA TS REEEoBE
HwoeNAHEARE 20, COMOIzEMHE
#HFT S, LU, ABCCTHO SN, HLT?

DO EHEMEI O E D &5ELLL T

W3,

EhOTEVERBERTHIZOVTE, SEOPMHE
it stn oI ashTtwgzn., LaL,
Tecumseh TlF, M ’?*AT*'”HO‘DU‘)/GIJ LU e o
1.1%IZIREEHA 1 —2mg, 7 100 m]l ThHo7- it ah
TOMETE, AFEHELZF TR 5%
NTV2EOT, ZOBELILRIEETS 5.

Tw5, 3



Since there is a correlation between serum values
and body weight and surface area' it might be
supposed that levels in Japanese would be lower
than Caucasians. This is not apparently the case.
However, genetically similar but heavier Japanese
migrants in Honolulu and California demonstrate
higher mean uric acid values in males compared
with. the indigenous population reported here. !’

Genetic control of uric acid levels is considered to
be multifactorial within a population. Our cases
with low uric acid levels aroused interest in the
Fanconi syndrome,1 a condition associated with
low uric acid levels, in which genetic transmission
seems probable "5

The Fanconi syndrome, in its complete form,
consists of bone disease (osteomalacia), low serum
levels of phosphorous, potassium and uric acid, and
excessive urinary excretion of uric acid, phospho-
rous, amino acids, and glucose. Chronic systemic
acidosis may be present. No case with the
complete form has been diagnosed in the AHS.

As a clue to the possible presence of renal tubular
defect(s) which result in abnormal urinary findings
(above), subjects with very low levels of serum uric
acid were studied at ABCC by Dr. I.W. Wood in
1966. Renal tubular defects consistent with this
condition were demonstrated in three AHS subjects
and possibly in two additional cases. Of four
family members tested, only one showed a tubular
disorder and this was partial (Table 8). On this
basis hereditary transmission can be suspected.
None of those studied in detail showed the complete
symdrome.

A list of AHS subjects with low uric acid is
appended for the purpose of possible further
investigation. These 169 subjects have at least 42
family members who are also in the AHS cohort
(from a file in Department of Medicine, based on
the first 18 months of a 2-year survey of AHS
clinic subjects). None of these had very low uric
acid levels, but this does not rule out the possibility
that hypouricemic blood relatives might be
discovered.
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APPENDIX A: LIST OF LOW SERUM URIC ACID VALUE

(T8 A (RIFEEWG O —5 %
- Age Exam. ’ Exam. > . . Age  Exam. Exam,
ﬁe; ATB Date ‘\u’}dil;j Date \wfldfllﬁ j\’l-‘HJi I,\.“O.ﬂ: ‘Se, TI ATB Date \I/alue Date leu?
RS F A A L WEwgeR E5 T mmes ggeg OO e,  TEM
T (Yr.Mo.) <Img/ 1-2mg/ FHyveMo.) Pl T
100 ml 100 ml 100 ml 100 ml
Hiroshima 5% 135
1 14 6802 11 2 23 6907 18
1 14 7001 20 2 37 7003 14
1 33 6611 10 2 24 6610 20
1 23 6608 18 2 24 6811 19
1 44 6710 20 2 46 6703 18
A | 1.5 6702 18 2 46 6904 09
1 55 6704 20 k2 42 6811 18
2 22 6912 04 2 23 6704 5
) 17 6806 18 2 23 6612 20
2 21 6702 16 2 34 6801 19
2 21 6810 20 2 24 6805 19
2 18 6903 17 2 43 6610 15
2 21 6902 19 2 02 7004 19
2 32 6805 17 ¥ 2 16 6901 18
7] 32 7005 18 2 46 6905 18
2 26 6901 20 v 2 35 6610 13
k2 19 6612 19 2 35 6812 15
2 19 6908 19 2 42 6910 19
2 21 6706 05 2 28 6709 20
2 21 6909 04 2 47 6906 17
2 21 6702 20 2 42 6810 19
2 24 6610 19 2 31 6804 18
2 24 6808 20 2 38 6911 19
2 26 6803 19 2 33 6802 20
2 17 6807 20 2 31 6702 20
2 21 6810 18 2 09 7002 18
2 23 6708 19 2 16 6702 18
2 23 6910 17 2 22 6611 17
2 14 7005 20 2 22 6811 14
2 14 6911 20 2 34 6807 20
Hk 2 13 6711 15
2 07 6710 19 2 13 6907 19
2 19 6911 20 2 47 6810 20
2 12 6806 19 2 10 6701 09
2 32 6611 20 2 10 6901 08
2 14 6906 20 2 63 6805 20
2 09 6703 20 2 26 6909 18
2 09 6903 17 2 12 6905 03
2 27 6801 18 2 52 6703 20
2 38 6702 18 2 16 6610 19
2 38 6902 17 2 12 6909 15
2 20 6608 19 F
2 16 6703 18 2 24 6911 19
2 48 6804 19 2 20 6801 19
2 50 6702 09 2 20 7001 19
2 17 6806 09
*Has family member in AHS group. 2 26 6701 15
EHROPICRAREMNER-ZBL TV 3HE V. 2 16 6612 19
*¥Has family member in MEY or other group. ) 16 6811 15

THROBPUIMEY 223 FOMOBCBLTLIELA VS,
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Age Exam, Exam, Age Exam, Exam.

MEMNG. SRR iTR  Date RS pu, VAl MENG, Sex urm pae TS p Vilue
L3 T g W i 5 fill MEEH 1l 7E fif EFRETHE Mg T i 5E fil e 2 55 3 5E fil
gy (YrMo)) <Img/ 1-2mg/ &5 wg r.Mo) <Umg/ ) 1-2mg/
100 ml 100 ml gk 100 ml 100 ml
) 27 6808 19 4 19 6610 17
2 33 6802 07 4 19 7004 20
2 31 6806 19 4 20 6610 12
2 20 6702 18 4 19 6811 19
2 20 6902 18 4 21 6612 20
s 15 7002 20 4 19 6701 20
2 19 7005 05 4 21 6704 17
2 20 6703 20 4 15 6810 19
2 20 6903 20 4 23 6612 12
2 14 6801 19 - 4 21 6810 20
2 29 6701 19 4 19 6706 20
3 29 6902 20 4 22 6811 16
2 18 6901 20 4 19 6612 17
2 23 6902 20 4 12 6807 09
2 18 6903 19 4 23 6807 20
2 20 6905 19 - 4 11 6611 16
D 16 6712 19 4 25 6702 11
2 29 6707 06 4 25 6902 07
2 29 6908 05 4 13 6808 19
2 21 6808 19 4 23 6701 19
Rh 4 36 6705 09
2 38 6811 14 4 36 6903 10
2 16 7004 16 4 31 6711 20
2 10 6708 18 4 16 6610 10
2 13 6801 20 4 16 6810 10
k3 06 6810 16 4 32 7004 16
2 32 6901 15 * 4 09 6807 17
2 22 6707 17 4 26 6801 19
2 22 6907 15 - 4 09 6706 18
%) 22 6610 15 4 19 6907 20
2 22 6810 19 4 15 6612 14
2 12 6708 20 4 15 6812 19
2 34 6906 20 4 26 6712 20
2 45 6703 18 * 4 12 6709 18
2 42 6912 19 4 17 6702 17
2 32 7003 19 4 17 6902 15
) 39 6710 19 F 4 06 6612 19
) 14 6801 15 4 12 6702 20
2 30 6708 20 4 27 6901 20
2 21 6904 18 4 14 6610 06
2 40 6701 20 4 14 6907 04
2 40 6901 16 4 15 6710 14
2 54 6609 09 4 15 6911 18
2 54 6809 13 4 30 6904 20
4 12 7004 17
Nagasaki £# 70 4 16 6705 20
3 37 6902 16 4 15 6911 14
3 07 6705 11 4 19 6610 20
3 07 6905 09 4 21 6908 19
* 3 26 6902 14 4 14 6611 11
3 17 6711 10 4 26 6802 16
3 17 6910 11 4 14 6802 19
3 39 6904 18 4 14 7003 17
4 17 6909 19 4 39 6805 15
—_—
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MF No. Sex Age Exam. Value Ll Value
G ATB Date a5 Date e e
RAERE 5 Figns BEEH ) 7 fill aEE A i 7E i
&5 ”;F #" (Yr.Mo) <Img/ = 1-2mg/
B 100 ml 100 ml
4 42 6709 20
4 25 6702 16
4 33 7002 20
4 11 6612 20
4 17 6711 20
4 01 6703 19
4 10 6712 20
4 10 6911 19
APPENDIX B: CASE HISTORIES
T8 B: SEHOFE
Case I. MF (AHS) w6 1. vF RS e EEER)

Ward admission 23 March 1966; discharged 1 April
1966. This 49-year-old married housewife has
never had children. She has been well all her life
without serious illness or operations. Menses
ceased 5 years before, and prior to that they were

regular.  Family history is negative for serious
illness. Her parents were first cousins and the
paternal grandparents were also first cousins.

Review of systems was negative.

Physical Examination: Height, 145.3 c¢cm; Weight,
42.2 kg; blood pressure, 110/70 mmHg; pulse, 80;
temperature, normal. Examination was completely
normal except for slight epigastric tenderness and
a grade 1 systolic ejection murmur over the
precordium.

Case la. 55-year-old sister of Case I. MF-
(MEZ) This subject was not examined except for
height, 150 cm, weight, 37.5 kg.

Case Ila. 59-year-old male, MF (MEZ)
He is the first cousin of Case I. This subject was not
examined at ABCC.,

Case 1II. MF- (AHS)

This 54-year-old Japanese female was admitted to
the ward 13 April 1966 and discharged 15 April.
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70mm Hg ; BRIG80; (RMERIEH. 2%CId, AW &bIckieE
ORI 2300, ONTE & 1 o AU IR e & 28
HEEE, TEICLEETH - 7.

i la. VP EZ) . s om, sse. -
OHBEEIZOWTIE, & (150 m) . {kHE (37.5kg) LISE
DBFEETEbh TV iV,

EHTa. MF
DB, ABCC TIL,

(MEZ). iEHIT Ow & Z, 594
COEFRDHEET 2>TVEL.
. v eEnz

S k. ABE1966% 4 A130; BEERFH 4 H15H.



She worked as a saleswoman in a dry goods store
and had been relatively well most of her life. She
has seven children and there is no consanguinity in
her family.

About 10 years before, following a chest X-ray,
she was told she had pleurisy and probably inactive
tuberculosis which was apparently not treated. In
1959, the chest examination was normal at ABCC.
In 1962, densities and cavities in the lung were
noted but AFB culture of sputum was negative. In
1964, culture was positive for tubercle baccilus
although apparently there was no treatment, and
there is some question that consultants at the
Tuberculosis Association felt this was inactive.
She has had no cough, fever, night sweats or
malaise, and a good appetite with normal weight.
In 1964, urinary tract infection was diagnosed and
treated.

Since childhood, she has had episodes of hives
caused by certain foods and “sprays”. At the age
of 23, she had an abdominal operation for volvulus.
She took no chronic medication except vitamins.
Family history shows that the father died at age 63
of “palsy”, and the mother at age 66 of heart
disease with renal complications and uterine
carcinoma.

The physical examination showed blood pressure,
124/70 mmHg; temperature, normal; respirations,
12; pulse, 72. There were linear excoriations of the
upper torso and arms, and hyperpigmented areas
over the face with hemoangiomata over the upper
trunk. Positive findings were limited to the chest
which showed slight dullness to percussion at the
right base, and a transient friction rub at the right
apex posteriorly. There was a healed lower
abdominal scar. The remainder of the exam was
within normal limits. The height was 149.8 cm,
the weight, 50.0 kg.

Case II1. MF-(AHS)

This 42-year-old female was admitted on 11 May
1966 and discharged from the ward on 19 May.
She was born in Canada but returned to Japan at
age 16. Her health has been good all her life, but
3 vyears before admission she was noted to have
slight elevation of blood pressure which had been
treated intermittently. About one year before
admission, blood pressure was 158/106 mmHg.
An IVP showed a double collecting system in the
left kidney and possible deformity of the right
kidney. Urinalyses have been essentially normal.
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In the past an appendectomy was performed at age
26. Patient has two children ages 17 and 21, and
had one miscarriage. One of her two siblings had
high blood pressure and heart disease. The
patient’s mother died in the A-bomb and the
father at age 58 of hypertension and heart failure.
She smoked 10 cigarettes a day but had no alcohol
in recent years. There was no consanguinity in the
family.

Physical examination showed blood pressure,
144/84 mmHg; weight, 60 kg; height, 156 cm.
She appeared healthy and slightly obese. The
general physical examination was normal.

Case Illa. MF- (MEY) 21-year-old daughter
of Case III. This subject was admitted to the ward

on 11 May 1966 and discharged on 12 May. She
was an office worker in the Hiroshima Prefectural

Office. Past history was unremarkable except for
appendectomy.
Physical examination showed blood pressure,

114/76 mmHg; weight, 50.5 kg; height, 161 cm.
She was a cooperative young female in no acute
distress. Positive physical findings showed only a
grade 1-2 systolic murmur at the left sternal border
radiating to the base. P2 was greater than A2.
There was some acne on the left anterior chest and
a large abscess in the right anterior thigh.

Case IIIb. MF (MEZ) This 17-year-old high
school firl was admitted 11 May 1966 and dis-
charged 12 May. She is a daughter of Case III.
She had never had any serious illness or complaints
in the past. There had been no previous hospitali-
zations. Periods were regular and normal.

The physical examination showed blood pressure,
110/70 mmHg; weight, 49 kg; height, 161 cm.
Physical examination was entirely normal.

case 1v. MF [ (ans)

This 42-year-old Japanese female was admitted 11
May 1966 and discharged 16 May. THer past
history was unremarkable. There had been no
allergies or operations. She was treated for thyroid
disease in the past and also told she had mild
anemia. The nature of the thyroid disease was not
known. Family history revealed that parents are
first cousins and both grandmothers are sisters.

Physical examination showed blood Ppressure,
100/70 mmHg; height, 155.2 cm; weight, 48.0 kg.
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Remainder of the physical examination was within
normal limits.

This patient expired on 30 July 1971, about 3 weeks
following surgery for carcinoma of the cervix.

case v. MF [ (ans)

This patient was studied as an outpatient. Diagnoses
at that time were definite rheumatoid arthritis, and
recent urinary tract infection. She was 64 at that
time of study. The patient first developed arthritic
symptoms at age 49 and was treated with salicylates.
She denied other serious illness. There was no
family history of renal disease or arthritis, or
consanguinity.

Physical examination showed a healthy appearing
elderly female. There was mild limitation of
motion at the wrist and slight tenderness of the left
elbow and small joints of the hand. Blood pressure,
138/88 mmHg; height, 149.2 cm; weight, 38.2 kg.

Case Va. This was a 28-year-old daughter of Case V,
who was evaluated for this study at the Kyoto
Prefectural Medical School Hospital on 30 May
1966. She presented there as a healthy person
with a history of rheumatism. There was no family
consanguinity.  Blood pressure, 130/70 mmHg.
The physical examination, including joints, was
entirely normal.

case V1. MF [l mEZ)

This 66-year-old female was admitted for evaluation
of symptoms following a car accident. Admission
date: 13 May 1966; discharged: 11 June.

The auto collision occurred 13 months prior to
admission and she was referred to ABCC for further
opinion concerning her symptoms of imbalance,
unsteady gait, and difficulty in writing, speaking,
and reading. Past history indicated cholecystitis
and cholelithiasis for 20 years, anemia due to iron
deficiency for 10 years, and duodenal ulcer for
2 years.

The physical examination showed -blood pressure,
126/80 mmHg; weight, 34.0 kg. Examination was
entirely normal with the exception of the neurologic
findings. These showed abnormal rapid alternating
hand motions bi}aterally, exaggerated deep tendon
reflexes (4+) but no finger nose maneuver was
positive. Laboratory findings were entirely normal
or negative, including spinal tap. EEG showed a
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diffuse nonspecific abnormality. The patient was
treated symptomatically and improved considerably
in her motor symptoms. During the admission, the
patient volunteered to be a control for the uric
acid study.

The final diagnosis was ataxia secondary to
conversion reaction.

Case VII. MF (- Employee)

This was a 36-year-old female at the time of
admission to the ward on 26 May 1966; she was
discharged on 30 May. History showed an essential-
ly healthy young female with a various, mild brief
illnesses over the past vyears. There was no
consanguinity in the family and physical examina-
tion was normal and showed weight of 51.5 kg; and
height, 158.4 cm.
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APPENDIX C. FREE AMINO ACID LEVELS IN HYPOURICEMIC SUBJECTS, FAMILY MEMBERS AND CONTROLS
fT8C MIEMMES, TOFHES L OWHEE LT 207 3 /Bl

Plasma

Urine it mg/day 5 h i mg/100ml
Range, Va* Normal
I Ia Ib II 111 Ila IIb v A% Va VI VII Urine Range
I rp it o) 65 P 1F % e B
Volume it  ml/day 1045 1530 880 1080 1100 660
Total #iit mg/day 260 141 322 380 284 400 385.527 354
Try 63.22 86.07 7229 104.65 46.40 82.65 45-148 0.13 trace-0.15
Lys 42.39 39.87 46.31 174.45 3717 40.62 10- 63 2.01 1.46-2.28
His 210.34 140.71 184.02 213.12 160.27 15842 173-299 0.62 0.47-0.79
NH3 239.26 13544 188.20 43346 135.76 274.63 122—55.4 4.38 3.334.79
Arg 1.98 5.44 2.01 3.46 2.96 7- 30 0.55 0.68-0.84
Tau 60-100 0.30-0.70
Asp 4.04 1.15 5.60 5.60 1.45 6.46 trace-5  0.04 0.10-0.25
Thr 14.33 8.64 17.35 29.76 14.72 19.56 11- 30 0.75 0.53-1.40
Ser 68.41 50.72 70.96 148.70 77:72 94.32 55-147 2.82 2.29-4.83
Glu 4.44 4.74 5.86 7.51 537 5.01 1- 10 0.41 0.29-0.58
Pro . trace-5  1.22 0.86-1.47
Gly 61.51 52.57 93.48 oo 87.28 oo 55-186 1.40 0.73-1.09
Ala 28.85 28.80 29.17 43.25 24.53 28.51 20- 60 1.24 1.89-2.09
Cys 18.95 16.74 21.85 104.46 20.49 17.51 trace-73 0.01 1.02-1.92
Val 3.01 351 3.43 4.56 3.71 3.16 2- 10 1.31 0.82-1.38
Met 949 11.09 7.04 7.57 8.93 9.78 8- 10 0.17 trace-0.10
Ileu 10.08 10.60 5.23 17.88 5.40 12.54 3- 18 0.49 0.30-0.49
Leu 6.55 8.63 5.93 8.57 5.24 5.66 3- 15 0.83 0.52-0.85
Tyr 14.02 12.94 16.41 20.48 11.45 7.28 8- 35 0.57 0.50-0.63
Phe 0.55 7.00 7.46 10.77 6.62 3.87 4- 20 0.44 0.41-0.45
Serum miid 4t mg/100ml 4.3 5.4 4.2

*Daughterof V. fE#V @i
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