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Influence of age and sex on 19 blood variables in healthy subjects

N. Bohnen', C. P. Degenaar?, and ]. Jolles'

' Department of Neuropsychology and Psychobiology, University of Limburg, Maastricht;
? Laboratory of Clinical Chemistry, University Hospital Maastricht, Maastricht, The Netherlands

Einfluf} von Alter und Geschlecht auf 19 Blutvariablen bei
gesunden Personen

Summary: Normal values exist for all clinical chemical
tests, but it is not very clear what is normal for healthy elderly
subjects. Therefore, routine bload variables were determined
in 80 ambulatory, disease-free persons who had undergone
rigorous health screening. The subjects were divided into the
following age groups: 20 (£ 3), 40 (£ 3), 60 (£ 3), and 80 (£ 5)
years, with 10 males and 10 females per age group. Blood
variables were determined after an overnight fast.

It was found that even with conservative statistical meas-
ures more than half of the variables were significantly af-
fected by age or sex. Significant age differences were found
for total cholesterol, triglycerides, sodium, and ASAT. Urea,
creatinine, gamma-GT, phosphate, alkaline phosphatase, and
albumin were characterized by both age and sex differences.
No age or sex differences were found for glucose, potassium,
chloride, calcium, calcium ion, ron, magnesium, total pro-
tein, and ALAT. The findings suggest thar the age or sex-
rehmd changes of a number of blood variables such as cho-
lesterol, mblywrndes and liver enzymes are not only of sta-
tistical significance, but are also of clinical relevance.

Zusammenfassung: Fir alle klinisch-chemischen Tests gibt
es Normalwerte, aber fir gesunde, dltere Personen ist es nicht
ganz deutlich, was als normal betrachter werden mufi. Aus
diesem Grunde wurden routinemiflige Blutvariablen bei 80
ambulanten, nichtkranken Personen, deren Gesundheit
griindlich untersucht wurde, determiniert. Die Personen
wurden unterteilt in Altersgruppen von 20 (£ 3), 40 (£ 3},
60 (+ 3) und 80 (& 5) Jahren mit jeweils 10 Mannern und 10
Frauen je Gruppe. Blutvariablen wurden nach einer Nacht
Fasten festgestellr.

Es stellte sich heraus, daffl sogar mit konservativen,
statistischen Mefimethoden mehr als die Halfte der Variablen
durch Alter oder Geschlecht signifikant beeinflufit wurde.
Signifikante Altersdifferenzen wurden gefunden bei Chole-
sterin, Triglyzeriden, Sodium und ASAT. Urea, Creatinin,
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Gamma-GT, Phosphate, alkalische Phosphatase und Albu-
min wurden sowohl durch Alcers- als auch Sexdifferenzen
gekennzeichnet. Keine Alters- ader Geschlechisdifferenzen
wurden bei Glukose, Kalium, Chloride, Kalzium, Kalziam-
Ion, Eisen, Magnesium, Totalprotein und ALAT gefunden.
Die Befunde deuten darauf hin, dafl die in Zusammenhang
mit Alter und Geschlecht in den Blutvariablen aufrretenden
Differenzen nicht nur von statistischer Bedeutung, sondern
auch klinisch relevant sind, wie zum Beispiel Cholesterin,

Triglyzeride und Leberenzyme.

Key words: blood, aging; chemistry; healthy human; gen-
der effect on blood variables

Schliisselworter: Blut, Alter,
Geschlecht

Chemie, gesunde Personen,

Introduction

Physicians frequently rely on blood analyses for diagnosis
and treatment. Interpretation of clinical chemical results
depends mainly on the use of reference intervals. Good refer-
ence data are needed for well-defined “healthy” populations
and, where differences exist, data are needed for specific sub-
groups (e.g., age and sex). The compilation of normal values
for the elderly is complicated by a number of factors, includ-
ing the presence of multi-system disease, the effects of diet
and nutrition, the use of medication and the physiologic and
anatomic changes associated with aging.

Whether “abnormal” values in an elderly person reflect a
disease process, or whether they are ¢ related to physiologic
consequences of aging is not always clear. Normal values for
clinical chemistry tests are often based on a hospitalized pop-
ulation or, altemmwa]y, they are derived from young adults.
Even when ambulatory, non-institutionalized persons are
studied, their “healthiness” is often not guaranteed. Thus, in
order 1o estimate the extent to which values differ according
to age and sex, 1t 1s necessary to exclude individuals in whom
these values might have been altered by disease or other con-
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Table 1. Conditions and drug therapy necessitating exclusion from the
study.

~ Cardiovascular arrhythmias, congestive heart disease, ischemic heart
disease, systemic hypertension (diastolic blood pressure > 100 mm
Hg);

- Respiratory: chronic bronchitis, acute bronchitis, bronchial asthma,
preumonia, pulmonary tuberculosis;

~ Urogenital: prostatism, repeated urinary tract infections, uretéro-
nephrolithiasis, hematuria, proteinuria;

- Metabolic: diabetes mellitus, thyroid, adrenal, gonadal and pituitary

disease;

Neurologicak: Parkinson’s disease, para- or hemiparesis, brain injury,

mental retardation, infarces, cerebral bleeding, epilepsia;

- Malignant neoplasms;

~ Other diseases: gastrointestinal (gastric and duodenal ulcers) diseases
of the liver and gallbladder; hematological diseases; rheumaroid ar-
thritis; autoimmune diseases;

- Psychiatric: depression, psychosis, mania, anorexia nervosa.

Drugs and other agents

Antihypertensive drugs, diuretic drugs, drugs used for hyperlipemia and
hypercholesterolemia, antihistamines, iron preparations, vitamin B,
and folic acid, anticoagulants, cytotoxic drugs, antibiotics and sulfon-
amides, calcium, potassium, sodium, zine, corticosteroids, androgens,
antiandrogens, anabolic steroids, estrogens, thyroid hormones, anti-
thyroid agents, antidiabetic drugs, antiepileptic drugs, anti-Parkinson’s
drugs, and drugs used in gout.

ditions that could be considered to have a potential influence,
such as alcohol consumption and suboptimal health.

There are very few studies with healthy subjects, i.e., those
including young and old people, and often only a limited
number of laboratory tests have been carried out (13). Some

studies have only investigated elderly subjects, and have
compared the results of these studies with “standard” ref-
erence intervals (3, 14, 21). Unfortunarely, the standard
reference intervals used were not specified in terms of popu-
lation and health characteristics. The comprehensive study of
Gillibrand, Grewal, and Blatter (10) included both young
and older subjects, but did not concern healthy subjects.

Because most studies have not been concerned with a di-
rect comparison between aged and young subjects, the pur-
pose of the present study was to measure clinical chemistry
variables in healthy, ambulatory subjects recruited outside
the hospital population and covering both the young and old
age ranges. The subjects were selected on the basis of rigor-
ous health-related eligibility criteria.

Subjects and Methods

Subjects

Subjects were recruited by newspaper and circular advertisements and
were paid for their participation in the study. Each subject was screened
for general health in a semi-structured interview (12} and by physical ex-
amination. Subjects were invited to participate in the protocol if they had
no chronic serious iliness and if they had not been treated for an acute
medical condition in the past 3 months. Particularly, applicants were
excluded if they presented with certain conditions or had taken the drugs
listed in Table 1. Pregnant females were not eligible. All subjects were
free from medication except for six elderly subjeets in the oldest age
group {five males and one female), five of whom used daily doses of met-
oprolol {max. 200 mg) as treatment for well-controlled hypertension,
and one sometimes used a bronchodilatator inhalator (salbutamol) for
asthmatic bronchitis. The strict definition of healthiness in terms of no
drug therapy and no evidence of disease was very demanding, especially
in males over 75 years. From 39 such elderly males, only five met the
above criteria and participated in our study. For practical reasons, we ad-
mitted the six patients medicated with the above-mentioned drugs and

Table 2. Methods of analysis. Abbreviations: ISE = ion selective electrode; mono/bi/poly-chrom = mono/bifpoly-chromatic; CV = day-to-day coef-
ficient of variation. Analyzers: Dimension {Dupont), ICA2 (Radiometer, The Nethertands), and Cobas Bio (Hoffmann La Roche),

Analyte Method Analyzer Substrate Wave Ccv
Length Y%
K {nimall) S ISE, direct sensing 37° Dimension 0.9
Na (mmols1) S ISE, direet sensing 37° Dimension 0.7
Cl {mmaol/) S ISE, direct sensing 37° Dimension 1.1
Total Ca (rmmol/1) 5 Bichrom endpoint Dimension U-cresolphtalein, 8-quinoliol 577, 540 0.9
Tonic Ca (numol/) S ISE, direct sensing 37° 1CA2
Mg (mmol/l) S Bichrom endpoint Dimension Methylthymol-blue, Ba-EGTA 500, 510 35
Fe (umol/l) S Monchrom endpoint Cobas Bio ascorbic acid, ferrozine 562 1.2
Phasphate $ Bichrom endpoint Dimension Sodium molybdate + p-methyl-
{mmol/]) aminophenol sulphate + NAHSO, 340, 383 20
Albumin (g/1) S Polychrom endpoint Dimension BCP 540, 600, 700 1.5
Total protein (g/1) § Bichrom endpoint Dimension Cupric-sulfate 540, 700 1.1
Glucose (mmol/1} B Monochrom rate 37° Cobas Bio Hexokinase 340 2.5
Total cholesterol § Polychrom endpoint Dimension Cholesterol-esterase, cholesterol- 540, 450 2.9
{mmol/1) oxidase, horse radish peroxidase 70C
Trighyceride (mmol/l) 5 Bichrom rate 37° Dimension Lipase, GDH 340, 383 4.5
Urea {mmolsl) S Bichrom rate 37° Dimension Urease GLDH 340, 383 3.6
Creatinine {pmol/} S Bichrom rate 37° Dimension Picrate 510, 600 2.7
gamma-GT (U/1) S Bichrom rate 37° Dimension g-Glutamyl-3-carboxy-4-nitroanilide 405, 600 3.0
ASAT (U/l) S Bichrom rate 37° Dimension L.-aspartate + PSP 340, 383 3.6
ALAT (U/D S Bichrom rate 37° Dimension L-alanine + PSP 340, 383 2.9
AF (U1) S Bichrom rate 37° Dimension p-nitrophenyl-phosphace 405, 510 4.6

§ = Serum, B = Blood
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Table. 3. Median values and muinimum-maximum ranges of routing laboratory tests per different age groups and sex.

Males Females
age median min max age median  min max
group group
K {mmol/l}) 17-23 4.17 3.72 5,25 17~23 4,11 365 4.52
3743 4.29 3.66 4.49 37-43 4.31 4.13 5.07
57-63 417 3.74 4.84 57-63 4,28 3.87 4.61
7685 4.46 3.89 4.83 76-85 4.30 341 4.56
Na (mmol/l) 17-23 143 141 145 17-23 141 141 146
3743 144 143 149 37-43 144 141 146
5763 144 143 146 57-63 144 143 147
7685 143 141 144 76-85 143 141 148
CH{mmol/1) 17-23 104 97 105 17-23 102 99 106
3743 102 99 166 3743 103 101 107
57-63 104 99 106 57-63 104 100 108
76-85 102 100 104 7685 102 96 104
Total calcium 17-23 2.43 2.26 2.54 17-23 2.39 2.30 2.48
(rmmol/1) 37-43 2.44 2.36 2.54 37~43 2.42 2.35 2.55
5763 2.41 2.29 2.54 57-63 2.37 2.28 2.50
7685 2.32 2.22 2.47 76-85 2.34 2,19 2.64
Tonic calcium 17-23 1.29 1.22 1.33 17-23 1.25 L.14 2.27
{mmol/) 37-43 1.24 1.22 1.33 37-43 1.27 1.22 1.29
5763 1.26 1.20 1.32 57-63 1.25 1.19 1.27
7685 1.27 1.21 1.31 76-85 1.23 1.20 1.30
Mg (mmol/1} 17-23 0.79 0.70 0.88 17-23 0.82 0.70 0.99
37-43 0.82 0.67 0.96 37-43 0.89 0.71 0.94
5763 0.84 0.70 0.93 57-63 0.83 0.76 0.93
76~85 0.84 0.69 0.95 76-85 0.82 G.68 0.89
Fe (umol/l) 17-23 17.8 13.1 22.1 17-23 228 17.3 27.6
3743 22.1 13.8 49.5 37-43 14.6 13.8 249
5763 18.6 10.9 343 5763 15.3 115 257
76-85 19.3 14.5 311 7685 18.3 7.6 27.2
Phosphate 17-23 1.21 0.97 1.56 17-23 1.12 0.96 1.43
{mmol/l) 3743 0.91 0.75 1.19 3743 1.10 1.00 1.45
5763 0.97 0.81 1.21 57-63 1.11 1.04 1.32
7685 1.04 0.75 1.14 7685 1.03 0.88 1.40
Albumin (g/’l) 1723 46.0 42.0 48.0 1723 40.5 37.0 45.0
3743 42.0 39.0 47.0 3743 43.5 36.0 45.0
57-63 41.5 37.0 45.0 5763 39.5 34.0 43.0
76-85 38.5 37.0 42.0 76-85 38.5 37.0 48.0
Total protein (g/1) 17-23 75.0 68.0 86.0 17-23 71.0 65.0 77.0
37-43 75.0 69.0 80.0 3743 71.5 66,0 79.0
5763 69.5 67.0 77.0 57-63 71.5 67.0 77.G
76-85 76.0 70.0 79.0 76-85 73.5 68.0 79.0
Glucose (mmol/l) 17-23 4.7 3.9 4.9 17-23 4.2 3.6 5.0
37-43 4.3 3.8 5.3 3743 4.6 35 5.4
5763 4,7 4.0 5.9 57-63 4.8 3.5 5.4
76-85 4.8 4.3 8.4 N=9 7685 4.6 4.3 5.8
Total cholesterol 1723 4.1 3.5 6.3 17-23 5.4 3.7 7.2
{mmol/l} 37-43 6.1 5.0 8.4 37-43 5.8 5.1 7.2
57-63 6.4 4.9 7.1 57-63 7.0 4.7 8.2
76-85 6.6 5.3 8.9 7685 6.5 5.1 8.4
Triglycerides 17-23 0.78 0.41 1.53 17-23 1.32 0.45 1.92
{mmol/1) 37-43 1.00 0.67 1.69 37-43 0.96 0.65 1.75
5763 1.46 0.76 2.32 57-63 1.46 096 2.55
76-85 1.51 0.77 4.83 7685 1.44 0.78 2.36
Urea 17-23 4.9 4.0 7.1 17-23 3.4 2.4 5.9
{mmol/1} 3743 5.4 3.5 7.4 3743 4.7 3.8 7.8
5763 5.7 3.5 7.0 5763 5.4 4.0 6.9
N=5 76-85 7.2 4.5 8.6 N=9 76--85 6.2 4.2 8.9
Creatinine 17-23 76.5 68.0 97.0 1723 70.5 64.0 85.0
{umol/1 3743 86.0 64.0 103.0 3743 69.0 58.0 87.0
57-63 83.5 72.6 94.0 5763 70.0 49.G 90.0
7685 103 95 151 7685 71.5 62.0 98.0
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Continuation of Table. 3. Median values and minimum-maximum ranges of routine laboratory tests per different age groups and sex.

Males Females
age median min max age median  min max
group group
gamma-GT 17-23 17.0 9.0 31.0 17-23 [RRY 5.0 26.0
(usMty 3743 235 15.0 93.0 3743 15.6 10.0 20,0
5763 215 13.0 36.0 57-63 19.0 7.0 40.0
76-85 29.0 15.0 101.0 76-85 17.5 7.0 53.0
ASAT 17-23 19.5 11.0 24.0 17-23 19.5 16.0 24.0
(UM 3743 23.5 20.0 62.0 37-43 17.5 0 220
5763 22.5 13.0 31.0 57-63 220 13.0 310
7685 235 17.0 31.0 76-85 235 15.0 34.0
ALAT 17-23 21.0 15.0 33.0 17-23 185 16.0 24.0
(u/h 3743 315 20.0 62.0 37-43 17.5 13.0 27.0
57-63 24.0 16.0 40.0 57-63 220 15.0 29.0
76-85 215 12.0 KR 7685 205 11.0 320
Alkaline 1723 75.5 26.0 155.0 i7-23 48.5 37.0 81.0
posphatase 37-43 53.0 200 78.0 3743 55.0 33.0 75.0
(ush 57-63 72.5 48.0 84.0 57-63 84.0 57.0 106.0
76-85 84.0 27.0 108.0 7685 68.0 49.0 91.0

treated them as a separate (relatively healthy) subgroup. Subjects were
divided into four age groups: 17-23, 37-43, 5763, and 76-85 years (10
males and 10 females per age group). There were no dietary restrictions.
Subjects were of acceptable weight for height; the weight to height ratio
did not provide evidence of energy imbalance. The study was approved
by the medical ethical council of the hospital and all subjects gave their
informed consent.
Procedure

Venous blood samples were collected (after an overnight fast) be-
tween 0B.00 and 09.00 hours, with the subject in a half-sitiing position.
Appropriate vacuum tubes were used and approximately 100 ml blood

was obtained from each subject. The mean time between withdrawal and
centrifugation of the blood was less than 30 min. Blood variables were
measured using routine clinical chemisery methods (Table 2). A ques-
tionnaire was completed for information concerning the use of alcohol,
tobacco, caffeine, weight and height.

Statistical analysis

Because many of the laboratory values deviated markedly from a
Gaussian distribution, ranks over all observations were calculated and
used for a two-way ANOVA with the factors age (four levels) and sex
(two levels) (4). Because of the nisk of staustical error inflation duc o
performing multiple F-tesis, the Bonferroni correction (16) was applied

Table 4. Differences in blood analytes by age, sex, and the interaction of age and sex (results of the two-way ANOVA on ranks). F-values are presented
with significance levels. The Bonferroni correction for error inflation has been applied for the overall two-way ANOVA F-test (significance level
p < 0.0025) If the overall F-test was significant, additional tests for age, sex, and interaction have been performed.

Analyte Owerall F-rest Main cffects Sex-age nteraction
Age Sex

E(1,72) F{1,75) F (1,78) F(1,73)
Potassium 1.65 n. s.
Sodium 363 ¥ 725088 <1 n.s. .25 n.s.
Chloride 205 n. 5.
Calcium 3.05n.s.
Calcium ion 259 n. 5.
Mg 1.44 n, s,
Iron 2.16n. s,
Phosphate 6.81¥ 5,01
Albumin 784 ¥ 5,487
Total protein 3.02n. 5.
Glucose 1.91 n. s
Cholesterol 5.09¥ 1.8 n.s. 218 n.s.
Triglycerides 365 % 2.07 n. s 1.44 n. s.
Urea 6.19Y 1.3 n.s.
Creatinine [0.42% 1.9 n.s.
gamma-GT 6.70¥ 1.55n. s
ASAT 356 2.70n.s
ALAT 280 n. s,
Alkaline phosphatase 387¥ 2.82%

¥ < 0.0025 (Bonferroni corrected significance level for overall F-test)
*p < 0.05, **p < 0.01, *** p < 0.001
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o adjust the significance levels. Therefore, a probability level for the
overall two-way ANOVA F-test of less than 0.0025 {< 0.05/19) was con-
sidered significant. In addition, Duncan’s multiple range test was used as
a post hoc test to evaluate significant main and interactive effects (25).
There were no significant differences between age groups in the number
consuming alcohol [F(1,75) < 1,ns}, the use of caffeine [F(1,75)
=146,ns], smoking  habits [F(1.75)=1.49.ns] and  heght
[F(1.730 = 1.49,ns]. The groups had different weights F(1,75) = 3.49,
p < 0.05), the second and the third age groups being the heaviest.

s

Results

The results of laboratory of the 19 blood factors distrib-
uted by age and sex are summarized in Table 3. Table 4 pre-
sents the results of the two-way ANOVA for the main and
interactive effects of age and sex on the selected blood ana-
lytes.

As seen in Tables 3 and 4, significant and independent age
differences were found for Na, ASAT, cholesterol, and tri-
glycerides. Na increased over the first three age groups, but
decreased in the oldest age group. ASAT (aspartam amino-
transferase) increased with age, whereas cholesterol and
triglycerides became increasingly elevated over the first three
age groups, but remained constant in the oldest age group.

Three analytes were influenced by both age and sex: 1) urea
levels increased over all age groups, with males having higher
values than females; 2) creatinine levels were highest in the
oldest age groups, again with higher levels in older males; 3)
gamma-glutamy! transferase activities increased from 40
years, with lower levels in females.

Interactive effects between age and sex were found for the
following analytes: anorganic phosphate, alkaline phospha-
tase, and albumin. Phosphate values were highest in young
males, whereas the values in females were stable over the first
three age groups, followed by a decline in the oldest group.
Alkaline phosphatase was higher in young males than in
voung females. In contrast to the levels in males, the concen-
trations of alkaline phosphatase rose in elderly females. No
significant sex or age differences were found for K, Cl,
calcium, calcium ton, Fe, Mg, glucose, ALAT (alanine amino-
transferase), and total protein levels.

Further subgroup analysis of the oldest age group indicat-
ed that the small dosages of antihypertensive medication
(metoprolol) taken by some subjects did not affect signifi-
cantly any of the blood analytes, compared with those of
medication-free subjects, with the exception of higher urea
levels (F(1,18) = 10.33, p < 0.01). Despite this discrepancy,
the above-mentioned increase in urea with advancing age re-
mained significant in the metoprolol-free subjects
(F(1,67) = 7.62, p < 0.001).

Lastly, the effects of alcohol usage on serum enzymes was
evaluated. Fifty-four subjects (22 males and 32 females)
drank no alcohol or only incidentally, whereas 26 subjects (18
males and 8 females) consumed alcohol 3 to 10 times weekly.
Subgroup analysis indicated that the age-related increase in
alkaline phosphatase (F(1,50) = 3.80, p < 0.05)), gamma-GT
(F(1,50) =7.29, p<0.001), and ASAT (F(1,50)=5.95,
p < 0.01) was even more pronounced in persons who drank
no alcohol or only incidentally, whereas levels of ALAT re-
mained stable with advancing age (F(1,50) = 1.33 ns). In con-

trast, no significant age effects were found for any of the en-
Zymes in the group who used alcohol regularly.

Discussion

The normal laboratory value for a substance is that concen-
tration which can be measured in tissue or body fluids from
apparently healthy human subjects. A “healthy” human sub-
ject is not so easily defined. An abnormal value may strictly
be defined as any measurement of a body constituent that
falls outside the normal range when a disease has been di-
agnosed by other means.

Even in healthy, disease-free elderly subjects, the physio-
logic changes associated with aging gradually impair the re-
gulation mechanisms of multiple organ systems, such as renal
function and cardiac output (20). The rates of change how-
ever, are variable. Studies on normal disease-free biological
aging must exclude as many subjects as possible with any
signs indicative of disease. In the present study, strict
eligibility criteria eliminated all but five elderly “disease-
free” male subjects of about 80 years out of 39 apparently
“healthy” subjects. [t seems reasonable, therefore, to ditfer-
entiate the concept of healthiness from that of “normality”
When normality is defined in terms of frequency, the majori-
ty of apparently “normal” subjects of about 80 years may not
be selected as “healthy”. Therefore, reference intervals for
elderly persons require a strict definition of the health status
of “normal® subjects (11).

Studies on human aging are beset with methodological
problems, such as selection bias or limited age and population
characteristics. I, for example, a reference interval is based on

a hospital-derived population, one can argue that these inter-
mls reflect a brmdu and more skewed range than might
actually be expected for disease-free, non-institutionalized
subjects (21).

The present findings suggest that a fairly large number of
routine blood variables may be affected by the age and the sex
of the subject. The increase in blood cholesterol and
triglyceride levels in older adults 1s well established (4, 17, 19,
21). Total cholesterol levels tend to increase up to 65 years of
age and then reach a plateau. Although sex-related differences
are reported (10, 17, 19), we did not observe significant differ-
ences between the sexes for the two lipids {1).

Concentrations of electrolytes, such as Na, K, and Cl are
reported to be constant with age (5, 10, 29). Although, the
present study indicate that Na changes significantly with age,
the observed changes do notappear to be of clinical relevance.
Kanabrocki et al. (15) also reported a slight increase in serum
Na and K in a longitudinal study with middle-aged males.

No sex or age differences in Mg levels were found in this
study, although Lowenstein and Stanton (18) reported that
Mg levels increased in females older than 25 years. Consistent
with earlier reports (9), we found that levels of Fe remain
stable in the elderly. In contrast, other authors have reported
that Fe levels steadily decline with increasing age in both
sexes (31, 32).

Data published on the effect of normal aging on serum cal-
cium and phosphate levels are contradictory. With respect to
calcium, some authors suggest that there is no change with
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aging (e.g., (23)), whereas others demonstrate a decline in cal-
ciurn levels with aging (8, 30). Yendt ex al. {30 demonstrated
that the decline in total serum calcium levels in normal elder-
ly women was atiributable to decreased levels of protein-
bound calcium, and a slight reduction in levels of ionic calci-
um. Our data do not indicate that calcium and ionic caleium
levels decline with age. The decline in organic phosphate
levels with age is better established (8, 30), and sex-related
differences are unequivocal,

Although the total serum protein concentration did
not change with age, serum albumin concentrations decline
slightly in men and women with increasing age (2, 5, 10, 24).

It has been l'eported that the most significanr change in se-
rum enzymes in older subjects is an increase in alkaline phos-
phatase in older persons of both sexes (5, 10, 26) In addition,
Tietz et al. (28) have demonstrated a slight increase 1n the
levels of ASAT and ALAT with advancing age. We found that
the increase in alkaline phosphatase, gamma-glutamyl trans-
terase, and ASAT was even more clearly related to increasing
age in subjects who consumed no alcohol, or did so only in-
cidentally. No age effect was found for the levels of ALAT.
In contrast, the increase in alkaline phosphatase, gamma-
glutamyl transferase, and ASAT was not observed in subjects
who consumed alcohol on a regular basis (see also 5, 27). It
is possible that the increase associated with aging is masked
by an earlier alcohol-induced increase.

Serum urea increases markedly with age together with a
less pronounced increase in creatinine concentrations (10,
21); the increase in creatinine in females may not be relevant.
However, James et al. (13) and Friedman et al. (7) have
reported that serum creatinine levels remain constant despite
a decrease in the glomerular filtration rate because there is a
simultaneous decrease in museular mass.

The altered carbohydrate metabolism of older subjects is
reflected by a slight increase in fasting plasma glucose levels,
with more significant increases occurring 1-3 hours after a
standardized oral dose of glucose (6, 22). The present data
confirm previous observations that the possible age-related
increase in blood glucose levels is very modest in healthy,
non-obese individuals (3, 6, 22).

Effort is currently being taken to refine laboratory refer-
ence standards and to estimate normal developmental differ-
ences more accurately. When deviations from reference in-
tervals become smaller, small discrepancies in reference
standards become increasingly important. The laboratory in-
tervals of mildly affected, abnormal individuals will overlap
the healthy reference range. The use of appropriate (for ex-
ample, age-specific) reference values will reduce this overlap
to a minimum, and will make it possible to correctly classify
a larger proportion of subjects. The use of separate reference
values for the elderly is especially desirable when it avoids a
frequent occurrence of results at the upper and lower limit of
normal. Nevertheless, the use of eight different reference in-
tervals may be too complex in clinical practice and should be
limited to special purposes. The use of age-related reference
intervals may have special application to the concept of an
abnormality index (see (10) for further discussion). The ab-
normality index is a multivariate index of the correlation co-
etficients berween a number of selected blood variables, and

tries to quantify the continuum between optimum health and
serious illness. Paracularly in this case, the application of a
biochemical abnormality index should reflect characteristics
of healthy aging. Another application of age-related data
concerns the group of young adults. When certain blood
variables increase with age and also become more variable
with age, a “normal range” based on a population of hetero-
geneous ages will be too high and wide for voung adults.
Therefore, adjustment of reference intervals for young adults
may be preferable in selected cases.

Acknouwledgements

The autors express their thanks to the personnel of the laboratory of
Clinical Chemistry of the University Hospital, Maastricht, The Nether-
lands, and to Mrs. Germa Wijnen, for their excellent technical assisatance.

References
. Alvarez C, Orejas A, Gonzales §, Diaz R, Colomo LF (1984) Refer-
ence intervals for serum lipids, lipoproteins and apoproteins in the
elderly. Clin Chem 30:404-406
. Campion EW, deLabry LO, Glynn R] {(1988) The effect of age on
serum albumin in healthy males: report from the normative aging
study. | Gerontology 43:M18-M20
. Coodley EL (1989) Laboratory tests in the elderly. Whar is abnor-
mal? Postgrad Med 85:333-338
. Conover W], Iman R1 (1981) Rank transformations as a bridge be-
tween parametric and nonparametric statistics. Am Statistician
35:124-129
. Dybkaer R, Lauritzen M, Krakauer R (1981) Relative reference val-
ues for clinical chemical and haematological quantities in “healthy”
elderly people. Acta Med Scand (Stock) 209:1-9
6. Fraze E, Chiou YMC, Chen YI, Reaven GM (1987) Age-relates
changes in postprandial plasma glucose, insulin and free fasty acid
concentrations in nondibetic individuals. | Am Geriatr Soc
35:224--228
. Friedman JR, Norman DC, Yoshikawa T (1989) Correlation of esti-
mated renal function parameters versus 24-hour creatinine clearance
in ambulatory elderly. ] Am Geriatr Soc 37:145-149
. Fujisawa ¥, Kida K, Matsuda H (1984) Role of change in vitamin D
metabolism with age in calcium and phosphorus metabolism in nor-
mal human subjects. ] Clin Endocrinol Metab 59:719-726
9. Garry PJ, Goodwin [S, Hunt WC (1983) Iron status and anemia in
the elderly: new lindings and a review of previous studies. | Am Ge-
riatr Soc 31:389-399
10. Gillibrand D, Grewal D, Blatﬂcx DP {1979) Chemistry reference val-
ues as a function of age and sex, including pediatric and geriatric sub-
jects. In: Dietz AA (f:d) Aging-Tts biochemistry. Proceedings of the
third Arnold O. Beckman Conference in clinical chemistry. The
American Association for Clinical Chemistry, pp 366-389
. GGrisbeck R, Siest G, Wilding P, William GZ, Whitehead TP (1979)
International federation of clinical chemistry; provisional recom-
mendation on the theory of reference values. Part 1: The concept of
reference values. Clin Chem 25:1506-1508
12. Houx PJ, Vreeling FW, Jolles ] {1989) Cognitive aging and risk
factors for dementia. In: Wurtman RJ, Corkin §, Growdon JH, Rit-
ter-Walker E {eds) Alzheimer’s disease; Advances in basic research
and theraptes. Cambridge (MA): Center for brain sciences and
metabolism charitable trust. Ziirich, pp 413417
13. James GD, Sealey JE, Alderman M, Ljungman S, Mueller FB, Pecker
MS, Laagh JH (1988} A longitudinal study of urinary creatinine and
creatinine clearance in normal subjects. Am ]| Hypertension
1:124-131
14. Jermigan [A, Gudat JC, Blake ], Bowen L, Lezotte DC {1980) Refer-
ence values for blood finding in relatively fit elderly persons. | Am
Genat Soc 28:308-314

Ju—,

2%

Lt

S

in

~

f==]

I

oy




Bobnen et al., Influence of age and sex on 19 blood variables in bealthy subjects 345

15. Kanabrocki EL, Sothern RB, Scheving LE, Halberg F, Pauli JE, Gre-
co ], Nemchausky BA, DeBartolo M, Kaplan E, MeCormick B, Ol-
win JH, Marks GE, Bird T, Redmond DPF, Graeber RC, Ferrara A,
Hrushesky WM (1988) Ten-y ear-replicated circadian profiles for 36
physiclogical, serological and urinary variables in healthy men.
Chronobiology Int 5:237-284
16. Kleinbaum DG, Kupper LL, Muller KE (1988) Applied regression
analysis and other multvariable methods. Boston: PWS-Kent Pub-
lishing Company, 32
17. Laurenzi M, Mancini M (1988) Plasma lipids in elderly men and wo-
men. Eur Feart ] 9 (Suppl D)69-74
18. Lowenstein FW, Stanton MF (1986) Serum magnesium levels in the
United States, 1971-1974. ] Am Coll Nutrition 5:399-414
19. Matnla KS, Evhmi«emij Maki |, l[um K (1986) Lipids, lipoproteins
and apolipoproteins in the elderly. Scand J Clin Lab Invest
46:131-136
20. Moser M (1988) Physiological differences in the elderly. Are they
clinically important? Eur Heart | 9:55-61

. Osterlind PO, Alafuzoff 1, Léfgren A-C, Marklund S, Nystrém L,
Sandman P-O, Steen B, Winblad B (1984) Blood components in an
elderly population. Gerontology 30:247-252

22. Reaven GM, Chen N, Hollenbeck C, Chen Y-DI (1989) Effect of age
on glucose tolerance and glucose uptake in healchy individuals. ] Am
Geriatr Soc 37:735-740

23. Roof BS, Piel CF, Hunsen ], Fudenberg HH (1976) Serum parathy-
roid hormone levels and serum calcium levels from birth to senescen-
ce. Mech Aging Dev 5:289-304

24. Rothschild MA, Oratz M, Schreiber S5 (1988) Serum Albumin. He-
patology 8:385-401

2

25, SAS (1985) User's guide: Statistics. Version 2 Volume. North Caroli-
na, Cary: Sas Instivute Ine.

26. Sinton T], Cowley DM, Bryant 5] (1986) Reference intervals for cal-
cium, phosphate, and alkaline phosphatase as derived on the basis of
multichannel-analyzer profiles, Clin Chem 32:76-79

27. Stamm D, Hansert E, Feuerlein W (1984) Ex essive consumption of
aloohol in men as a biological influence factor 1 climcal laboratory
investigations. | Clin Chem Clin Biochem 22:65-77

28. Tierz NW, Wekstein DR, Shuey DF, Brauer GA (1984) A vwo-year
longitudinal reference range study for selected serum enzymes in a
population more than 60 years of age. ] Am Geriatr Soc 32:563-570

29. Towrou Y, Touitou C, Bogdan A, Reinberg A, Motchashi Y, Auzeby
A, Beck H (1989) Cncadmn and seasonal variations of electrolytes in
aging humans. Clin Chim Acta 180:245-254

30. Yendt ER, Cohanim M, Rosenberg GM (1986) Reduced serum calci-
umm and inorganic phosphate levels in normal elderly women. | Ge-
rontology 41:325-330

31 Yip R, Johnson C, Dallman PR (1984) Age-related changes in labo-
ratory values used in the diagnosis of anemia and ivon deficiency. Am
Y Clin Nutrition 39:427-436

32. Zauber NP, Zauber AG (1987) Hematologic data of healthy very old
people. ] Am Med Ass 257:2181-2184

Received August 30, 1991

Authors’ address:

N. Bohnen, Department of Neuropsychology and Psychobiology, Uni-
versity of Limburg, P.O. Box 616, 6200 MDY Maastricht, The Nether-
lands.

Buchbesprechungen

Hanne Meyer-Hentschel und Gundolf Meyer-Hentschel: ~ Produke-
und Ladengestaltung fiir den Seniorenmarkt; 142 S., zahlreiche Abb.,
gebunden 78,~ DM; ISBN 3-87150-336-3; 1991, Ver lu:,sgxup]pc Deut-
scher Fachvﬁrla‘g, Frankfurt/M.

Auf den zunchmenden Anteil der dlteren Bevéikerung hat sich der
Markt noch nicht eingestelit. Wie man in dieser Hinsicht manches ver-
bessern kann, legen die Autoren in dem vorliegenden Buch auf z. T. sehr
anschauliche Weise dar. In einem Kapitel wird - an der Fachliterawur
orientiert — auf mc’jg}(‘ichL korpecliche und pajfchischc Veranderungen
beim Alternsprozeft eingegangen; dabei werden cine Reihe praktischer
Konsequenzen aufgezeigt, mit denen man im Alltag, beim Ein- bzw.
Verkauf diesen Verinderungen sinnvell begegnen kann. Die verinderte
Sehfahigkeit (Sehschirfe, Hell-Dunkel-Anpassung, Farbensehen, Ge-
sichtsfeldverinderungen, Riumliches Sehen) verlangt z. B. entsprechen-
de Mafinahmen in der Ladengestaltung, aber auch in der Produktgestal-
tung —~ Mafinahmen, die auch {ir andere Bereiche des Alltags (z. B. Ver-
kehrsbetriebe, Informationen der Bundesbahn, Fahrpline, Sitzreservie-
rungen u. dgl. mehr) sinnvoll und hilfreich wiren. Das, was in diesem
Buch - wissenschaftlich begriindet — tiber die Vermeidung von Gefah-
renquellen, Gber die seniorengerechte Lichigestaltung, die seniorenge-
rechte Waren- und Angebotsprisentation wie auch iber ,Ubersicht-
lichkeir und Orientierungsfreundlichkeic® {u. a. Ubersichtspline, ,Sie-
sind-hier-Pline®) ausgesagt ist, kdnnte zweifellos auch Behérden und
anderen 6ffentlichen Einrichtungen als Anregung dienen. Lehr (Bonn)

Wilfried Jackel, Kurt-A. Jochheim, Axel Stemshorn, Gerhard Andre:
Qualitiitssicherung und Vernetzung in der Rehabilitation; 551 Sei-
ten; DM 48~ ISBN 3-927-402-25-7; Universitatsverlag Ulm GmbH,
Ulm

Dieses sehr informative Buch berichter Giber die [ahrestagung der
Deutschen Vereinigung fiir Rehabilitation Behinderter e. V., die 1989 in
Ulm abgehalien wurde. Neben 2 Plenarsitzungen {anden 7 Arbeitsgrup-
pen statt, die Teilaspekte des Generalthemas | Zusammenwirken und
wissenschaftliche Beglentung értlicher und dbersrilicher Rehabilita-
tionsangebote® von fast 90 Experten aus verschiedenen Berufsgruppen
vertiefend behandelten. Neben Fragen der Friihforderung behinderter
Kinder, der schulischen Rehabilitation, der betrieblichen und iberbe-
wrieblichen Rehabilitation, der Rehabilitation bei Schiden des Seiivz-
und Bewegungsapparates, Problemen der Schadel-Hirn-Verletzungen,
der Rehabilitation ausgewihlier internistisch erkrankter Patientengrup-
pen (vor allem Koronarerkrankungen und Krebserkrankungen) wurden
iibergreifende und orisbezogene Teamaufgaben in der Rehabilitation
von Patenten mit chronischer Psychose behandelt. Es versieht sich von
selbst, daff innerhalb der relevanten Themengebiete auch die Rehabili-
tation dlterer Menschen immer wieder angesprochen wurde. Ein Beitrag
von Jickel tiber den Handlungsaufirag zur Fortentwicklung der Reha-
bilitation und von Rindt zum Entwicklungsstand der Rehabilitation
und zur Lage der Behinderten in der Bundesrepublik Deutschland wie
vor allem von Jochheim Gber ,Reformchancen und Reformpotentiale
fiir die Rehabilitation heute® schlieflen das vielseitige, duflerst informa-
tive Buch ab, Lehr (Bonn)





