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Changes in sera biochemistry and hormones in elderly
Thai subjects : a preliminary report.
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A test panel of 11 biochemicals and five hormones was studied in elderly Thai Subjects
aged 50-89 years. They comprised 123 males and 127 females divided into four groups according
to the Subjects’ age. The results in each group were compared with those obtained from 30 male and
female subjects of reproductive age. It was found that the alkaline phosphatase, cholesterol,
glucose and uric acid levels increased with age, while the concentration of total bilirubin
decreased. Albumin showed a slight decrease with age. Total protein did not change with age..
Calcium in elderly males increased compared with males of reproductive age. The results
suggest that it would be necessary to set up reference values for biochemical substances in
elderly subjects as part of health care services for these people.

The levels of FSH in elderly females were found to be between 40 and 60 IU/L, while
LH showed a fairly constant level of 30 IU/L, which is twice as high as the level in women of
reproductive age. The levels of both these hormones in elderly males were each about 10 IU/L.
Testosterone levels in elderly male subjects between the ages of 50 and 79 years were fairly
constant at 17 nmol/L, decreasing to 14 nmol/L in subjects over 80 years of age. Most of the
estradiol in elderly women could not be n'1easured, unlike one fifth of the elderly male subjects
who showed an estradiol level of 200-300 pmol/L. This finding suggests that the measurement
of estradiol might not be a valuable index for the study of estrogen changes in elderly females.
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The elderly comprise a population in need of
good managment for health care; this becomes
especially important since the size of this population
continues to increase.() Therefore, it is essential that
basic medical knowledge regarding this population
be compiled.

Basic biochemical data nowadays are available
on the young and people in the reproductive age
group (15-49 years). There is a controversy about the
biochemical values reported by several investigators.?)
The values of biochemical substances in people of
reproductive age show little biological variation
during the ages of 30-50 years.) Some investigators®
have found that three groups of subjects, 18-35 years
of age, 36-55 years and more than 56 years, demon-
strated small changes in the levels of biochemical
substances in people of older ages. Some researchers
have found levels of albumin and protein in males to
be higher than those in women,® while others reported
both compounds were lower in those of advancing
age.®) Some invertigators have found the level of
alkaline phosphatase in subjects 65-80 years of age
to be higher than in those 35-50 years(6) of age,
while others found that this enzyme showed no corre-
lation with age in males.(”) Yendt et al.® found that
the total serum calcium level in females decreased
after the age of 65. However, Fraser et al.® found

Table 1. Age of the subjects.
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that biochemical substances changed in subjects over
70 years of age.

Normally, the study of biochemical changes
for the management of elderly Thai subjects is
compared with people of reproductive age. All of the
above data were obtained from the study of a
Caucasian population. However it is inappropriate to
use the same data for the medical care of elderly Thai
subjects. Therefore, we studied a test panel of 11
biochemicals and five hormones in the sera of elderly
Thai subjects.

Materials and Methods
Subjects and specimens

Healthy Thai males females were selected
from Pramongkutklao Hospital and divided into two
age groups. One group of 30 reproductive age
subjects comprised female nurses 18-20 years of age
and male soldiers 18-25 years. Elderly subjects,
determined by clinicians to be apparently healthy,
and who had no indication of disease and had not
taken any drugs that would interfere with biochemical
substances and hormones, were selected from the
Geriatrics Clinic to form the second group. The
elderly subjects ranged in age between 50 and 89 years,
i.e. 123 males between 80 and 82 years and 127
females who were subdivided by age group as shown
in Table 1.

Age (yrs.) Males Females
Range X + SD Range X + SD

18 — 25 18 — 25 18 — 20 -
(G1) (n = 30 (n = 30)

50 - 59 54 - 59 57.66 + 1.67 51— 59 56.45 + 2.98
(G2) n=9 (n =11)

60 — 69 60 - 69 64.38 + 2.92 60 — 69 63.90 + 2.82
(G3) (n=179 (n =91)

70 — 79 70 — 77 73.17 + 2.44 70 - 77 73.55 + 2.49
(G4) (n = 30) (n = 20)

80 — 89 81 — 85 83.00 + 1.58 80 — 82 81.20 + 0.84
(G5) (n =5) (n=3)
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Blood specimens from fasting subjects were
collected between 9.00 and 11.00 a.m. Sera were
separated by centrifugation, after which the blood
specimens were left one hours at room temperature
and then stored at —20°C until the time of analysis,
except for analysis of the labile analytes, e.g. bilirubin,
which had to be performed immediately.

Analytical methods

An autoanalyser, SMA II, was used to
measure albumin (Alb.), alkaline phosphatase (Alk.),
total bilirubin (Bil.), blood urea nitrogen (BUN.),
calcium (Cal.), cholesterol (Chol.), creatinine (Crea.),
glucose (Glu.), inorganic phosphate (In. phos.), total
protein (Total pro.) and uric acid. The coefficient of
variation of the interassay was found to be 5.77%,
15.03%, 17.55%, 17.8%, 8.33%, 6.85%, 4.61%,
10.58%, 3.80% and 8.7%, respectively.

INAINIANFANS

Five hormones, namely: prolactin (PRL),
follicle stimulating hormone (FSH), luteinizing
hormone (LH), testosterone (T) and estradiol (Ez),
were measured, utilizing the method and materials
from the WHO Matched Reagent Programme. The
accuracy and precision of the hormone assays were
comparable with the procedure as previously
described.(10)

Results
Biochemical data

Tables 2, 3 and 4 show the values of the
biochemical substances and hormones of the
reproductive age males and females and the elderly
subjects; figures 1 and 2 show the mean values. The
levels of BUN, calcium and glucose of reproductive
age males were not determined since there were not
enough specimens for analysis.

Table 2. Biochemical data of reproductive age subjects.

Biochemical Age (18 — 25 years)
Substances Males Females
Alb. (gm/L) 51.39 1+ 3.08 50.60 + 7.11
(n = 28) (n = 25)
Alk.phos. (U/L) 49.46 + 11.82 66.53 + 14.06
(n = 28) (n = 30)
Total bil. (mmol/L) 16.75 + 8.46 12.52 + 6.44
(n = 28) (n = 25)
BUN (mmol/L) — 3.29 1+ 0.88
(n = 30)
Cal. (mmol/L) — 2.47 + 0.09
(n = 30)
Chol. (mmol/L) 5.02 + 0.85 5.18 £ 0.79
(n = 28) (n = 30)
Crea. (mmol/L) 101.5 + 9.43 68.37 + 5.89
(n = 28) (n = 30)
Glu. (mmol/L) —_ 4.13 + 0.41
(n = 30)
In. phos. (mmol/L) 2.46 + 0.10 1.39 + 0.13
(n = 28) (n = 30)
Total pro. (gm/L) 79.11 + 3.50 81.76 + 4.01
(n = 28) (n = 25)
Uric acid (mmol/L) 365.43 + 47.73 287.57 + 55.36
(n = 28) (n = 30)
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Table 3. Biochemical data of elderly subjects.

Biochemical Age (yrs.)
50-59 60— 69 0-719 80-89
Substances Males Females Males Females Males Females Males Females
Alb. (gm/L) 46.6+1.82 44.75+3.62 47.243.62 47.34+4.75 4591+3.74 4529+3.70 43.33+2.08 41.00+4.97
(n=>5) (n=8) (n=49) (n=56) {n=21) (n=17) (n=3) (n=4)
Alk.phos. (U/L) 87.17+48.28 103.5+28.62 93.54+27.5 96.19+23.33 83.041+22.29 98.941+42.92 83.0+26.47 111.8+41.54
(n=3) (n=10) (n=63) (n=74) (n=23) (n=17) (n=4) n=3)
Bil. (mmol/L) 17.331+4.04 8.6+4.22 12.35+4.79 8.55+4.16 12.82+5.34 9.5413.95 5 6.001 2.00
(n=3) (n=5) (n=40) (n=44) (n=17) (n=17) {n=1) (n=3)
BUN (mmol/L) 6.134£2.53 457+1.34 478+1.34 479+1.68 482+1.56 5.08+1.37 5.89+1.68 5.70+1.46
(n=6) (n=11) (n=69) (n=86) (n=30) (n=18) (n=4) (n=35)
Cal. (mmol/L) 2.53+0.05 2.454+0.14 2.43+0.17 2.41+0.15 2.40+0.17 2.32+0.11 2.37+0.06  2.55+0.13
(n=5) (n=11) (n=61) (n=72) {(n=25) (n=11) (n=3) (n=35)
Chol. (mmol/L) 5.784+1.09 6.34+1.1 6.11+0.96 6.51+1.12 5.83+1.02 542+1.13 5.77+1.11 6.99+1.64
(n=7) (n=11) (n=175) (n=89) (n=30) (n=18) (n=4) (n=5)
Crea. (mmol/L) 116.83+48.77 79.27+11.93 103.76 + 18.52 80.83+ 15.89 105.28 +19.04 85.94+15.74 115.75+23.23 91.00+21.86
(n=6) (n=11) (n=72) (n=87) (n=29) (n=17) (n=4) (n=5)
Glu. (mmol/L) 7.08+4.15 5.1£0.73 6.0+2.27 5.77+1.41 5644082 586+1.30 5.08+0.53 5.621+0.45
(n=5) (n=11) (n=73) (n=90) (n=30) n=19) (n=4) {n=35)
In.phos. (mmol/L) 1.33+0.09 1.51+04 1.4241.25 1.354+0.23 1.28 +0.24 1.3310.17 1.344+0.18 1.29+0.12
(n=4) (n=9) (n=57) (n=66) (n=26) (n=14) (n=3) (n=4)
Total pro. (gm/L) 80.6+2.07 76.63+4.24 78.16+4.97 78.07+5.02 77.77+6.40 75.761+3.6 81.33+6.35 77.00+4.97
(n=5) (n=8) (n=51) {n=60) (n=22) (n=17) (n=3) (n=4)
Uric acid (mmol/L) 470.6 +124.33 313.36 + 86.92 399.8 +91.58 351,36+ 82.62 403.41 + 83.37 3291+ 88.31 422.25+66.28 375.80+ 69.78
(n=95) (n=11) (n=70) (n=85) (n=29) (n=18) (n=4) (n=35)

Table 4. Hormonal levels of the elderly subjects.

Biochemical Age (yrs.)
50-59 - 60— 69 70-79 80-89
Substances Males Females Males Females Males Females Males Females -
PRL (mU/L) 215.6117.76 339.7+ 151.41290.49+ 161.48 245.52 + 96.01 261.00 + 81.65313.25 + 135.81 305.00 + 48.48 296.40 + 121.54
(n=5) (n=10) (n=72) (n=81) (n=25) (n=20) (n=4) (n=5)
FSH (U/L) 6.1841.96 42.63+22.99 7.73+7.53 54.58+23.96 7.84+6.91 51.35+25.46 9.74+6.45 61.22+25.19
(n=6) (n=10) (n=70) (n=83) (n=25) (n=20) (n=35) (n=6)
LH (U/L) 9.93+7.07 28.34+13.57 9.69+5.45 32.45+17.21 10.49+5.02 29.96+15.04 13.67+7.33 32.954+19.65
n="7) (n=11) (n=72) (n=87) n=27) (n=19) (n=5) (n=5)
T (mmol/L) 17.44 +8.8 — 16.71+£5.73 —_ 16.96 +5.22 — 13.69+5.53 —
(n=28) (n=62) (n=23) (n=5)
E, (pmol/L) 157.71+38.57 — 208.2 +239.73 — 186.45+110.71 — 2.37+0.06 —

(n=2) (n=12) (n=6) (n=3)
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It was found that the levels of protein of the

male and female elderly subjects were not different -

from those of reproductive age males and females.

Alkaline phosphatase was apparently higher
in females than males in both the reproductive age
and elderly groups.

The level of total bilirubin decreased with
advancing age. Reproductive age males and females
showed levels higher than those in the elderly group
and males showed higher levels than females.

Elderly male and female subjects between the
age of 80 and 89 years showed no difference in BUN
levels, but among those 50-59 years, levels were
higher in males than females.

Elderly subjects showed no difference in
calcium levels. Also there was no difference between
females of reproductive age and elderly subjects.

Reproductive age males and females showed
no difference in cholesterol levels, while the elderly
subjects showed higher levels. Females aged 50-69 years
had higher cholesterol levels than males; decreasing
levels were observed in those aged 70-89 years.

Both reproductive age and elderly males had
higher creatinine levels than females. The creatinine
levels of both groups showed no difference, but there
was a tendency towards an increase in females.

Glucose levels in elderly females were higher
than reproductive age females; males aged 50-59
years had higher glucose levels than females of the
same age. Males and females aged 66-89 years
showed no difference in glucose levels.

Reproductive age males had higher inorganic
phosphate levels than females in the same group, but
there was no difference in the levels of either males or
females in the elderly subjects.

Uric acid in reproductive age males and those
in the elderly group showed higher levels than
females of equivalent age.

Hormonal levels

The hormonal levels of reproductive age
subjects were not determined since there were insuffi-
cient specimens for the purpose. Therefore, the
changes in hormonal levels were compared among
the elderly group only.

It was found that the levels of PRL (between
200 and 300 mU/L) showed no difference in the
elderly subjects.

The levels of FSH and LH in females was
higher than in males. FSH of elderly females showed
an increase from 40 to 60 IU/L when compared with
the LH level, which was fairly constant at 30 IU/L.
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In elderly males, the LH level was also fairly constant
at about 10 IU/L.

The testosterone level of elderly males at the
age of 89 years had decreased (14 nmol/L). Appro-
ximately one fifth of the elderly males showed an
estradiol level similar to that observed in the female
follicular phase as previously described. (19 However,
in most of the elderly females, it was undetectable.

Discussion

Furton and Burke!)) found that there was
no difference in the albumin level of subjects between
the ages of 23 and 82 years. They explained that
hypoalbuminemia in elderly subjects was due to
disease. Our findings showed that the level of
albumin had a tendency to decrease, which is similar
to the findings of Keating® and Cooper et al.(12

Our study showed that the level of enzyme
alkaline phosphatase increased with age, a finding
similar to those reported by Robert® and Macus.(”

A decreased level of calcium was found in
females by Robert® and Yendt et al.®” while we
found no change. Our finding is similar to the
reports of Lingarde!® and Roof.( Yendt et al.(®
explained that the decrease was due to a decrease in
protein-bound calcium. In addition, the different
findings may be due to the different methods used
for the determination. Apparently, there are four
methods used for the determination of calcium, namely:
o-cresolphthalein complexone, flame photometry,
atomic absorption and titration technique. Each
method has its own advantage and disadvandtage. In
order to use the calcium level for biochemical
interpretation, the determination of ionized calcium
might be more useful than the level of total serum
calcium.

The glucose level of elderly subjects in our
study was similar to that of Fraser.®) In addition, we
found that elderly females had higher levels of
glucose than reproductive age females. The imbalance
in dietary intake of elderly subjects may result in the
pancreas secretihg insufficient insulin to draw
glucose into the cells, which cause an increase in
blood glucose.(19

Morgan(l) found the serum inorganic phos-
phate level to be high in post-menopausal women,
whereas Marcus(” showed that the mean value of
serum inorganic phosphate decreased with age, but
he did not specify the age. Yendt et al.® reported
that the phosphorus level decreased after the age of
65 years. However, Robert™® and Allardt® found
that there was no change in inorganic phosphate
between the ages of 34 and 80 years. Our findings
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indicate that elderly males and females showed lower
phosphate levels than people of reproductive age.

Our finding indicates that the level of uric
acid apparently increased with age and was more
pronounced in males. This is caused when androgens
in males stimulate the activity of the enzyme xanthine
oxidase, which changes purine to uric acid. In addition,
we found that there was a trend towards high uric
acid levels in elderly females. This may be due to the
decrease of estrogen in elderly females.

Elderly females showed a level of serum
prolactin similar to the level found in the follicular
phase of reproductive age women.?

FSH and LH levels were high in elderly
females. The FSH level showed a higher level than
LH because the normal production rate of these
hormones is similar but the metabolic clearance rate
of LH is twice as higher as that of FSH. The FSH
half life is 3 hours while the LH is only 20
minutes.(13)  Therefore, the level of FSH in the
circulation was higher than LH. Our findings
showed that both hormones levels were higher than
those of people of reproductive age, as proviously
described,(19 and also elderly females had higher
levels than males.

The level of FSH and LH in males was rather
constant at ages 50-79 years. Small changes were
found at age 89 years.

The level of testosterone in males aged 50-79
years was about 17 IU/L; it decreased at age 89. The
decrease in the testosterone level corresponded with a
higher LH level.

- _References

1. Morgan DB. The impact of ageing-present and
future. Ann Clin Biochem 1983 Sep, 20(5):
257-61

2. Petit-Clere C, Solberg HE. Approved recommen-
dation on the theory of reference values. Part
2. Selection of individuals for the production
of reference values. J Clin Chem Clin Bio
1987; 25: 639-44

3. Williams GZ, Widdowson GM, Penton 1.
Individual character of variation in time-
series of healthy people. II. Differences of
values for clinical chemical analytes in serum
among demographic groups, by age and sex.
Clin Chem 1978 Feb; 24(2): 313-20

4. Robert LR. The normal ranges, with statistical
analysis for seventeen blood constituents. Clin
Chim Acta 1967; 16: 69-78

PAINIAINY¥NS

Most of the estradiol level in elderly females
could not be detected. The rate of estradiol synthesis
decreased 93% and estrone decreased 25% in
menopausal women, but the metabolic clearance
rates of these two hormones are similar. Therefore,
because estrone in circulation is higher than estradiol.(15)
The determination of estrone in the circulation of
elderly subjects would be useful for the study of
hormonal changes in elderly people.

Most men show a higher level of estradiol
than women. This is due to peripheral aromatization
of androstenedione from the adrenal glands to
estrogens.“”)

It may be concluded that the levels of
albumin, alkaline phosphatase, total bilirubin,
cholesterol, creatinine, glucose, inorganic phosphate
and uric acid changed in elderly subjects. The results
indicate that it is necessary to set reference values for
biochemical substances in elderly Thai subjects,
especially those between the ages of 70 and 89 years.
In order to establish reference values for this age
group, more subjects should be included in a similar
study.

Acknowledgements

The authors would like to thank the World
Health Organization for providing the materials for
measuring hormones and the staff of the Geriatries
Clinic at Pramongkutklao Hospital for providing the
information on the subjects.

5. Keating FR Jr. Jones JD, Eleveback LR. Randall
RYV. The relation of age and sex to distribution
of values in healthy adults of serum calcium,
inorganic phosphorus, magnesium, alkaline
phosphatase, total protein, albumin and
blood urea. J Lab Clin Med 1969 May;
73(5): 825-34

6. Lamberg-Allardt C. The relationship between
serum 25-hydroxy-vitamin D levels and others
variables related to calcium and phosphorus
metabolism in the elderly. Acta Endocrinol
1984; 105: 139-44

7. Marcus R, Madvig P, Young G. Age-related
changes in parathyroid hormone and para-
thyroid hormone action in normal humans.
J Clin Endocrinol Metab 1984 Feb; 58(2):
223-30



4 . o
i 35 "ivm 6

UQuIU 2534

8. Yendt ER, Cohanim M, Rosenberg GM. Reduced

serum calcium and inorganic phosphate levels
in normal elderly women. J Gerontol 1986
May; 41(3): 325-30

9. Fraser CG, Cumming ST, Wilkinson SP, Neville

10.

11.

12.

13.

14.

RG, Knox JDE, Ho O, McWalter RS. Biolo-
gical variation of 26 clinical chemistry analystes
in elderly people. Clin Chem 1989 May;
35(5): 783-86

Werawatgoompa S, Tankeyoon M, Kongseripong
R, Channiyom K, Virutamasen P, Dusitsin
N, Boonsiri B. Hormonal changes in normal
menstral cycle of Thai women. Contraception
1981 Mar; 23(3): 301-43

Fulton JD, Burke WJ. Effect of aging on serum
albumin. J Am Geriatr Soc 1990 Jun; 38(6):
725-6

Cooper JK, Gardner C, Effect of aging on serum
albumin. J Am Geriatr Soc 1989 Nov;
37(11): 1039-42

Lingarde F. Potentiometric determination of
serum ionized calcium in a normal human
population. Clin Chim Acta 1972; 40: 477-84

Roof BS, Piel CF, Hansen J, Fudenberg HH.

' . £
mandavunlasszdvanduailuggeogine : nvnwiesdu

15.

16.

17.

18.

19.

371

Serum parathyroid hormone levels and serum
calcium levels from birth to senescence.
Mech Ageing Dev 1976 Jul-Aug; 5(4): 289-
304

Ojeda L, ed. Menopause without medicine.
Thorsons Publishing, 1990. 51

Yen SS, Llerena O, Pearson OH, Littell AS.
Disappearance rates of endogenous follicle
stimulating hormone in serum following
surgical hypophysectomy in man. J Clin
Endocrinol Metab 1970 Mar; 30(3): 325-29

Longcope C, Kato T, Horton R. Conversion of
blood androgens to estrogens in normal
adult men and women. J Clin Invest 1969
Dec; 48(12): 2129-201

Southren AL, Olivo J, Gordon GG, Vittek J,
Brener J, Rafii F. The conversion of androgens
to estrogens in hyperthyroidism. J Clin
Endoerino Metab 1974 Feb; 38(2): 207-14

Hemsell DL, Gordin JM, Brenner PF, Siiti PK.
Plasma precursors of estrogen. II. Correlation
of the extent of conversion of plasma andro-
stenedione to estrone with age. J Clin
Endocrinol Metab 1974 Mar; 38(3): 476-79





