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Effect of Aging on Serum Uric Acid Levels:
Longitudinal Changes in a Large
Japanese Population Group
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Background. Serum uric acid (SUA) is related not only to an increased risk of gout, but also to an increased risk of
cardiovascular diseases. However, real age-related changes in SUA remain unknown.

Methods. Longiudinal population-based study of epidemiological follow-up data of SUA, body mass index (BMI), and alco-
kol intake was conduicted at a health examination center between 1989 and 1998, The subjects were 80,506 Japanese oftice work-
ers or their tamilies (30,157 men and 30,349 women) with an average age of 44.5 years for the men and 43.7 years for the women.

Results. SUA increased with age in all birth cohorts examined in men, and in women except for the youngest birth cohort
(1960-1969). BMI and aleohol consumption positively contributed to the longitudinal changes of SUA. However, SUA also in-
creased with age in the model controlled for BMI and alcohol consumption. There were birth cohort effects of SUA; at most
ages, there were higher SUA levels in younger cohorts in men and lower SUA levels in younger cohorts in women, respectively.

Conclusions. SUA levels in men and women increased with advancing age, despite changes in drinking and in the
BMIL. There are birth cohort effects for SUA levels in the Japanese population.

YPERURICEMIA is not only a risk factor for gout, but
also for cardiovascular diseases (1,2). However, there is

controversy over whether or not serum uric acid (SUA) is an
independent risk factor for cardiovascular diseases and car-
diovascular mortality. Some studies have found hyper-
uricemia to be an independent risk factor for cardiovascular
diseases (3-8), while others have concluded that the associa-
tion is confounded by the relationship of uric acid with estab-
lished risk factors for cardiovascular diseases, such as hyper-
tension, obesity, hyperlipidemia, or diabetes mellitus (9-11).

The serum level of uric acid is affected by aging and ge-
netic and environmental factors. Obesity and alcohol con-
sumption are well established as determinants of SUA levels
(1,2). Men have higher SUA levels than women. Based on
cross-sectional studies, the age-refated distributions of SUA
levels are not always in agreement in different population-
based studies (3—11). Cross-sectional age-related changes in
SUA levels may represent cohort, period, and/or survivorship
effects rather than a true aging effect. Although longitudinal
studies are required to examine real age-related changes in
SUA, to our knowledge, no study has examined the longitudi-
nal changes in the SUA levels in individuals over time.

We studied longitudinal changes in SUA in a single co-
hort of individuals to observe the effect of the natural aging
process on SUA.

METHODS

Study Population
The study population consisted of office workers and
* their families residing in Aichi Prefecture in the central re-
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gion of Japan (12-14). The subjects included 80,506 Japa-
nese (50,157 men and 30,349 women) with an average age
of 44.5 years for the men and 43.7 years for the women,
who received annual examinations at a health examination
center in Japan between 1989 and 1998 (Table 1). Subjects
who were taking medication for hyperuricemia were ex-
cluded. Qur cohort included more men than women, be-
cause the number of male workers in Japan is greater than
the number of female workers. About 57% of the cohort at-
tended at least one follow-up examination. The average
number of visits made for the follow-up examinations were
3.0 times for the men and 2.6 times for the women.

Procedures

The examinations included a questionnaire, a physical
examination, an anthropometric measurement, and labora-
tory analysis of blood samples, all taken on the same day.
The anthropometric measurements included height and
body weight, which were measured while the subject was
wearing light clothing without shoes. The body mass index
(BMI) was calculated as weight/height? (kg/m?).

To evaluate alcohol consumption, we administered a self-
reported questionnaire about aleohol intake that included
items about the type of alcoholic beverage consumed, the
weekly frequency of alcohol consumption, and the usual
amount consumed daily. Alcohol intake was converted to an
average weekly or daily consumption measured by the vol-
ume unit called go (a traditional Japanese unit of measure-
ment for sake, corresponding to 23 g of ethanol), which was
then converted to grams of ethanol per week or day. The
subjects were classified into six categories according to
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Table 1. Characteristics of Participants

Men Women

Characteristic (n = 50,157y (n = 30,349
Total no. of SUA measurements for 10 years 150,544 78,259
No. of measurements per subject for 10 years,

mean (SD) 3025 2602.2)
Age (y), mean (§D) 445(9.1) 43.7(9.2)
Height (cm) at initial measurement, mean (SD) 168.1 (6.0) 155.5(5.3)
Body weight (kg) at initial measurement,

mean ($0) 64.9(9.0) 52.4(7.2)
BMI (kg/m?) at initial measurement, mean {($2) 23.0(2.8) 21729

SUA (pmol/L) atinitial measurement, mean (SD} 355.0 (71.6) 249.6 (52.0)

Note: SUA = serum uric acid; BMI = body mass index,

their reported alcohol consumption: (i) almost no drinking,
(ii) past drinker, (iii) less than 23 g of ethanol per week, (iv)
about 23 g of ethanol every day, (v} about 46 g ethanol ev-
ery day, (vi} about 69 g of ethanol or more every day. All
serum samples were obtained following a 12- to 14-hour
fast. The serum was separated promptly, and all analyses
were conducted at the clinical laboratory in the health ex-
amination center. The SUA was measured by the Uricase
method.

Data Analysis _

Data were processed and analyzed using SAS version
6.12 (SAS Institute, Cary, NC) (15). Longitudinal changes
in SUA levels were analyzed using a mixed-effect model
(16,17), which is a type of statistical analysis commonly
used for repeated measurements. It is applied using the SAS
procedure PROC MIXED, typically using the REPEATED
statement. Responses from points close in time usually are
more highly correlated with each other than responses from
points far apart in time, and, therefore, special methods of
analysis are usually needed to accommodate the correlation
structure of the repeated measurements. This autoregressive
structure was controlled in the model using the type =
AR(1) option. The least-square means for SUA and BMI
values at 50 years of age in each cohort were determined,
The differences in the estimated SUA and BMI levels
within the birth cohort were tested vsing the Tukey multiple
comparison method (ADJUST option), and the trend in co-
hort difference was also tested using the CONTRAST op-
tion of the PROC MIXED.

RESULTS

Figure 1 shows the age-specific means and a 3-year mov-
ing average of the SUA levels and BMI at the initial examina-
tion of our cohort. The SUA levels in men declined slightly
from age 20 up to the seventh decade of life, whereas in
women, the levels declined slightly from 25 years to about
age 40, after which they rose up to the seventh decade of life.
BMI levels increased rapidly from 25 to 35 in men, and then
reached a plateau, after which the curve declined slightly to
the seventh decade. In women, however, after the decrease at
age 25 to 30, the BMI levels rapidly increased up to 65, fol-
lowed by a decline to the seventh decade.

Longitudinal changes in the levels of SUA and BMI by
birth cohort in men and women indicated the apparent birth
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Figure 1. The age-specific means and a 3-year moving average of
the SUA levels and body mass index (BMI) at the initial examination
of our cohort.

cohort effect in the SUA levels and BMI for men (Figure 2),
because, at most ages, the SUA and BMI values of younger
birth cohorts were higher than those of older birth cohorts.
The shape of these curves is also informative with regard to
the age effect. In this case, the SUA levels increased with
age from the second decade of life in men and the fourth in
women. With the BMI levels, a significant age effect was
observed for men from the second up to the fourth decade of
life, For women, however, the BMI levels increased with
age, up to 60 years.

Table 2 examines the mean change in SUA levels for 1
year by birth cohort and gender using repeated measure-
ments during 10 years on the same individuals. During the
interval, SUA increased significantly with age in men from
all the birth cohorts and in women from the birth cohorts be-
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Figure 2. Longitudinal changes in the levels of serum uric acid
(SUA) and body mass index (BMI) by birth cohort in men and
women. Mean SUA and BMI levels are shown by age in five birth co-
horts.
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Table 2. Rate of Change in Serum Uric Acid (SUA) Levels in Longitudinal Analysis (mg/dlfy)

Men Women
Age at Initial Age at Initial SUA
Determination (pmol/1/yy Determination (mol/l/y)
No. of —— No. of —— —_—

Birth Cohort Subjects M (SE) M (SE)* Subjects M (SE) M (SE)*
1920-1929 1436 64.0 (0.08) 0.90(0.37) 692 64.5(0.12) 1.06 (0.41)
1930-1939 9424 55.8(0.04) 0.65 (0.14) 5066 55.5 {0.05) 1.91 {0.14)
1940-1949 17,500 46.5 (0.03) 0.62 {0.09} 10,005 46.8 (0.04) 2.71 {0.09)
1950-1959 16,140 38.3(0.03) 0.46 (0.01) 10,074 38.7(0.03) 0.25 (0.10)
1960-1969 5186 31.9¢0.05) 1.42(0.24) 3868 31.5(0.06) —0.55 (0.19)

*There were significant changes in SUA with age in all birth cohosts (p < 05).

tween the 1920s and 1950s, while SUA levels decreased in
women from the youngest birth cohort.

The SUA and BMI levels at S0 years of age in men and
women were estimated for each birth cohort using the least-
square means methods in the mixed effects model. Tukey
multiple comparison showed significant differences in the
estimated SUA and BMI levels among the birth cohorts
(Table 3). In men, the younger cohorts showed the higher
SUA and BMI values at 50 years of age (trend p < .0001).
In contrast, in women, the younger cohorts showed lower
SUA and BMI values at 50 years than the older cohorts
(trend p < .0001).

A mixed effect model appropriate for repeated measures
was used to explore the effects of birth cohort, aging in each
birth cohort, BMI, and alcohol consumption on longitudinal
changes in SUA levels (Table 4). SUA levels of individual
subjects over time during 10 years were significantly asso-
ciated with birth cohort, aging of most of the birth cohort
except for the birth cohort of the 1950s for men in a mixed
effect model adjusting for BMI and alcoho! consumption. In
addition, longitudinal changes in SUA levels were also sig-
nificantly and positively associated with BMI, as well as the
alcohol consumption of individual subjects.

Discussion

Cross-sectional age-related distributions of SUA are con-
troversial in different cohorts and decades. There was a
clear increase in SUA level with age in French men between
the ages of 20 and 55, based on a survey conducted between
1967 and 1970 (18). The study conducted in the United
States from 1959 to 1960 reported that the SUA values in

Table 3. Estimated Serum Uric Acid (SUA) and Body Mass Index
(BMI) Levels in Subjects 50 Years of Age

SUA (pmoll) BMI (kg/m¥)

Men Women Men Women
Birth Cohort M (SE) M (SE) M (SE) M (SE)
1920-1929 3286 (6.0) 26111 (6.63) 2276 (0.15)  23.54 {0.24)
1930-1939 W54(12)  255.96(1.18)  2290(0.04)  22.40(0.05)
19401949 3552¢0.5) 256.78(0.48)  23.19(0.02) 2224 (0.03)
1950-1959 366.5 (1.2) 244.87(1,08)  23.86(0.03)  22.30(0.04}
1960-1969 389.74.3) 23512 (3.44) 2471 (0.1 21.82(0.13)

Note: There were significant trends in the estimated SUA and BMI ievels by
birth cohort (trend p < .0001).

men rose rapidly to a peak level at 20 to 24 years, after
which they declined slightly, and then reached a plateau, ex-
cept for a slight later rise at 55 to 59 years (19). In women
from the same study, however, SUA levels rose to a minor
peak at 15 to 19 years, after which they declined slightly,
and leveled out to about age 40. From about 40 to 54 years,
the curves rose slowly again to peak levels at 50 to 54, and
later at 60 to 64 years. In the Framingham Heart Study, no
significant age-related changes of SUA levels were ob-
served between ages 20 and 80 in men (10). In women, the
SUA levels gradually increased from the fourth to the sev-
enth decades of life.

In our cohorts, the SUA levels in men declined slightly
from age 20 up to the seventh decade of life, whereas in
women, the levels declined slightly from 25 years and lev-
eled out to about age 40, after which they rose up to the sev-
enth decade of life. These inconsistent, age-related distribu-
tions of SUA levels in different population-based samples
seem to be due to the fact that SUA levels in individuals are
affected by genetic, biological, and environmental factors.
In fact, in tri-partite, comparative epidemiological studies of
cardiovascular diseases among Japanese men, SUA levels
were significantly higher in Japanese-American individuals
living in Hawaii and California than in the indigenous Japa-
nese population, although the genetic backgrounds of these
Japanese populations were essentially the same (20). This
indicates that environmental changes are likely to be re-
sponsible for such differences,

Cross-sectional age-related changes in the SUA level
may represent cohort, period, and/or survivorship effects
rather than a true aging effect. Longitudinal study is neces-
sary to show true age-related changes.

In contrast to a cross-sectional study, we demonstrated
that longitudinal data produced inconsistent results regard-
ing age-associated changes in SUA levels, especially in
men. The increase in SUA levels with age was observed in
all the birth cohorts of men and in women, except for the
youngest birth cohort. In contrast, the obvious increase in
SUA levels with age for women in the longitudinal analysis
was similar to the cross-sectional study showing that SUA
levels gradually increased from the fourth to the seventh de-
cades of life. This increase seems to be associated with
menopause, as suggested by other investigators (8,19).

A mixed effect model analysis suggested that BMI values
and alcohol consumption positively contributed to the lon-
gitudinal changes in the SUA levels of individual subjects.
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Table 4. Longitudinal Analysis of the Effect of Aging, Body Mass Index (BMI), and Alcoho! Consumption on Serum Uric Acid Levels by
Mizxed Effect Model

Men Women
Estimated Estimated
Yariable Parameter SE P Parameter SE P
[ntercept* (Birth cohort)
1920-1929 1.975 0.405 0.0001 2014 0.479 0.0001
1930-1939 2.529 0.137 0.0001 [.261 0.143 0.0001
1940-1949 2.930 0.078 0.0001 0.617 0.077 0.0001
1950-1959 3374 0.076 0.0001 2722 0.069 0.0001
1960-1969 3116 0.131 0.0001 3.222 0.103 0.0001
Aging Effect* (Birth cohort)
1920-1929 0.018 0.006 0.0034 0.017 0.007 0.0213
1930-1939 0.012 0.002 0.0001 0.030 0.002 0.0001
1940-1949 0.007 0.001 0.0001 0.043 0.00t 0.0001
1950-1959 0.000 0.002 NS —0.003 0.002 0.0346
1960-1969 0.011 0.004 0.0047 =0.016 0.003 0.0001
BMI 0.108 0.002 0.0001 0.068 0.001 0.0001
Alcohol consumption
No drinking 0.000 —_ — 0.000 — —
Past drinker 0.004 0.022 NS 0.018 0.028 NS
Above 23 g ethanol/wk 0.114 0.009 0.0001 0.065 0.008 0.0001
About 23 g ethanol/d 0.266 0.010 0.0001 0.208 0.012 0.0001
About 46 g ethanol/d 0.340 0.011 0.000¢ 0.385 Q.030 0.0001
69 g ethanol or more/d 0.394 0.018 0.0001 0.594 0.061 0.0001

Note: NS = not significant.
*Adjusted for BMI and alcohel consumption.

However, we clearly showed that a significant positive as-
sociation of SUA levels and aging exists in older birth co-
horts for men and women, even adjusted for BMI values
and alcohol consumption. These results indicated that the
Tongitudinal change in the SUA level in individual subjects
was positively related to BMI as well as to aleohol con-
sumption. However, aging still has a positive association
with SUA levels for men and women in older cohorts, even
after controlling for BMI and alcohol intake. It is uncertain
whether aging itself is an independent correlate of the longi-
tudinal change of SUA levels, or if other confounding fac-
tors may be related to SUA levels.

Our longitudinal analysis also indicated a birth cohort ef-
fect of SUA and BMI levels in men as well as in women, al-
though the effect was opposite between the two. Higher es-
timated SUA and BMI levels at 50 years old were observed
in younger birth cohorts than in older cohotts in men. In
contrast, higher SUA and BMI levels were observed in
older cohorts in women than in younger cohorts. Because
BMI is well established as a determinant of the SUA level,
the birth cohort effect of BMI may explain at least partially
the birth cohort effect of SUA levels. This may suggest that,
with men, younger birth cohorts tend to pursue a more west-
ernized lifestyle than do older birth cohorts. However, this
is not true for women. These observations were supported
by our recent observation, using the same baseline cohort,
which found that birth cohort effects regarding serum tri-
glyceride exist in men, but no effect was observed in
women (14).

It should be noted that our results may not be indicative
of the Japanese population as a whole, because the subjects
in this study represent an urban population, Some selection
bias, such as a healthy worker bias, may exist in our study,
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because most of the subjects were healthy office workers. In
addition, the subjects may be aware of their SUA levels, be-
cause they had received annual examinations at a health ex-
amination center. Nevertheless, their SUA levels increased
with age.

The main findings of this study include an observed lon-
gitudinal increase in SUA levels with age in men, and in
most of the birth cohorts of women, in a large Japanese pop-
vlation group observed from 1989-1998. Birth cohort ef-
fects and variations in SUA levels were observed in this
population.
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