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SUMMARY.

Heritability and within-person repeatability of thirteen constituents of

plasma were assessed in a study of 206 pairs of male and female twins. Repeat
measurements were available on 44 pairs. For bilirubin, calcium, creatinine,
phosphate and potassium, the individuality of these characteristics was genetic in
origin. Total protein, albumin and globulin showed significant heritability but
considerable variation between occasions, while bicarbonate, chloride, iron,
sodium and urea showed mainly environmental effects.

The inheritance of quantitative biochemical
characteristics is relevant to clinical biochemis-
try for two reasons. Firstly, it has a bearing on
the definition of reference ranges for indi-
viduals rather than populations. Secondly,
many of the variables studied are of physio-
logical as well as diagnostic importance and the
differences between people and the inheritance
of these differences are of interest.

Several studies have been carried out on the
maintenance of differences in the composition
of plasma between individuals.'™> There could
be at least three different sources of this
variation; these may be either genetic or
environmental. Genetic variance probably in-
volves the additive effects of several genes since
variation is continuous and there is no evidence
of the modality we should expect if only one or
two factors are segregating. Environmental
causes in turn can be divided into the persisting
effects of prenatal, neonatal, or childhood
experiences shared by members of a family, and
the environmental influences unique to each
person and not shared within families. These
last can contribute to biochemical individuality
if they are constant for a person over time.

These three sources of variation can be
distinguished by studies on monozygotic (MZ)
and dizygotic (DZ) twin pairs, if certain
assumptions are made. Unfortunately many
twin studies suffer from inadequate numbers of
subjects and consequently cannot estimate
parameters such as heritability with any reason-

able degree of accuracy.* The largest twin study
of biochemical variables® arose from a study of
coronary heart disease risk factors and was
confined to middle-aged men. Because age and
sex could influence the relative contributions of
genetic and environmental factors we have
carried out a study on young adult male and
female twins.

This paper reports on thirteen plasma bioche-
mical measurements, of which three in particu-
lar (bilirubin, calcium, and potassium) show
some interesting genetic features, while others
(bicarbonate, chloride, globulin, iron, and
sodium) appear to be affected by shared en-
vironmental factors.

Subjects and methods

Two hundred and six pairs of MZ and DZ twins
aged between 18 and 34 years (mean 23-1) were
recruited from the Australian NH & MRC
Twin Registry for a study of alcohol metabolism
and susceptibility to intoxication.® Both mem-
bers of a pair attended on the same day. Of
these twins 87 individuals (48 men, 39 women)
attended on a second occasion from 1 to 17
months later (mean 4-5 months) and the results
from these -are used to assess medium-term
repeatability of the measurements within an
individual.

Blood was taken at about 10 a.m. into a
heparin tube, centrifuged within 2 hours, and
stored at 4°C for up to 48 hours. The following
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tests were performed on a Technicon SMAC
analyser:  albumin, bicarbonate, bilirubin
(total), calcium, chloride, creatinine, iron,
phosphate, potassium, protein (total), sodium
and urea. Plasma globulin was calculated as the
difference between the total protein and albu-
min. The analytical methods remained the same
for the 2 years of the study.

All twins were typed with 15 blood group
antisera and for a;-antitrypsin. Twins were
diagnosed as DZ on the basis of a difference in
sex, at least one marker locus or, in a few cases
large differences in height, colouring and other
morphological features. In remaining cases of
doubtful zygosity several more genetic markers
were typed. It is possible, however, that there
were a few pairs assigned to the MZ group who
on still further typing would prove to be DZ.

Of the 206 twin pairs for whom measure-
ments were available, there were 43 MZ
female, 44 DZ female, 42 MZ male, 38 DZ
male and 39 DZ pairs of opposite sex (DZOS).
There were no substantial differences in age
distribution between the five zygosity groups,
and no significant differences in means or
variances between MZ and DZ pairs of the
same sex.

The frequency distribution of each measure-
ment was examined to see if deviations from
Gaussian distributions occurred; only bilirubin
showed a highly skewed distribution and a log;
transformation was performed. Since this study
is concerned with normal subjects, it was

thought justifiable to exclude a few results
which appeared to be outliers, as shown in
Table 1.

The presence of significant differences be-
tween individuals was tested by calculating the
within-person (sy) and between-person (s2)
components of variance on the 87 people who
attended on two occasions. The ratio of
between-person to total variance, s3/(s + s2)
is the intraclass correlation and is a measure of
the degree of repeatable difference between
people, or individuality.

The within-pair and between-pair mean
squares for each of the five twin groups were
calculated and a series of models of genetic and
environmental contributions to total population
variance was fitted to these using an iterative
weighted least-square procedure.” Possible
sources of variance included in the models are;
V4, additive genetic variance; E,, variance due
to environmental effects such as dietary habits
which are shared by both twins of a pair but
differing between pairs, and E|, variance due to
environmental effects unique to each indi-
vidual. The simplest model, that only E; effects
contribute, is tested first and if it is rejected
more complex models, E\E, and E\V,, are
fitted to the mean squares to test whether the
between-pairs variance can be adequately ex-
plained by either family environment effects or
additive genetic variance. The fit of alternative
models is assessed by the chi-square criterion.

If one of these two parameter models is

TaBLe 1. Truncation limits or transformation used, together with means and variances by sex and tests for
significant differences in means between male and female subjects. There are no significant differences in total

variances of males and females

Variable Units Range Male Female

accepted or

transformation n s* n % s
Albumin g/l 40-55 197 47-6 7-2 201 45-9%** 77
Bicarbonate mmol/l 199 27-1 87 212 25-4*** 7-8
Bilirubin pmol/l log . 199 1-09 0-048 212 0-91*** 0-039
Calcium mmoVl/1 198 2-44 0-0085 212 2:39*** 0-0075
Chloride mmolll  98-112 195 103-3 5-72 204 105-0%** 5-25
Creatinine pmol/1 199 84-9 129-9 212 72-2*** 104-9
Globulin n 199 28-8 14-9 212 30-1** 15-1
Iron pmol/l 199 22-4 52-5 212 21-0 68-6
Phosphate mmoV/l 0-1-5 196 0-88 0-021 211 0-94*** 0-022
Potassium mmol/l 199 4-13 0-12 212 4-12 0-11
Protein g/ 199 76-3 14-4 212 75-9 15-1
Sodium mmol/l 135155 198 141-6 6-1 211 140-8*** 4.9
Urea mmol/l 0-8-5 195 5-24 1-04 212 4.70%** 1-35
**P<0-01.

***P<0-001.
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rejected and the other is not, the latter is
accepted; otherwise a threc-parameter model
with contributions from E\E, and V, is re-
quired. This procedure leads to a preferred
model, estimates of the variance attributable to
each source, and a test of the significance of
each.

Results

Inspection of the frequency distributions led to
the exclusion of a small number of results which
appeared to be outliers. The greatest number of
subjects excluded was for albumin (3-2%), with
2-9% excluded for chloride, 1-5% for phos-
phate and urea, and 0-5% for sodium. One
result was missing for calcium. The means and
variance for men and women after exclusion of
outliers are shown in Table 1 and it will be seen
that significant sex differences in means were
found for ten of the variables but there were no
significant differences between the sexes in the
variances.

The within-person and between-person com-
ponents of variance, calculated from the sub-
sample who attended twice, are shown in Table
2. The values were calculated separately for
men and women and the intraclass correlations
tend to be lower in the women, either because
the within-person variance is greater or the
between-person variance is less, or both.

The within-pair and between-pair mean

squares for each of the five twin groups, with
their associated degrees of freedom, are shown
in Table 3. These are the statistics to which
models of variation have been fitted. The
results of the preferred model for each variable
are summarised in Table 4 but more detailed
results, showing the tests of goodness-of-fit for
all models tested, can be obtained by writing to
the authors. The heritability estimate is the
proportion of variance explained by additive
genetic effects, Vo/(Va + E, + E)).

Estimates of analytical error variance, de-
rived from performance summaries of the
Wellcome Quality Control Programme over the
relevant period, are shown in Table 5. These
were calculated by taking the mean of four
values for precision for each variable. For some
of the analytes, notably bilirubin, creatinine
and urea, the concentrations in the quality
control materials were frequently above those
found in the twins’ plasma samples and the
estimate of analytical error may be inappro-
priately high.

Discussion

The results for each of the thirteen variables
will be discussed in turn, followed by more
general discussion and conclusions.

ALBUMIN
Models not containing a genetic term are

TaBLE2. Within-person (s%) and between-person (s2) components of variance, and intraclass correlation
(R = s¥(s2 + s%)), for all variables, by sex. Calculated from the results on 48 men and 39 women who attended
on two occasions. Significance tests are for the presence of differences between individuals

Variable Male Female

52, 52 R 52, 52 R
Albumin 8-0 1-3 0-19 (NS) 7-9 <0 <0 (NS)
Bicarbonate 6-6 <0 <0 (NS) 5-6 23 0-30*
Bilirubin (log) 0-016 0-020 0-56*** 0-031 0-005 0-13 (NS)
Calcium 0-005 0-005 0-52*** 0-005 0-004 0-45*+*
Chloride 33 09 0-20 (NS) 4-0 1-2 0-23 (NS)
Creatinine 61 79 0-56*** 36 26 0-42**
Globulin 11-5 1-2 0-09 (NS) 12-1 0-6 0-05 (NS)
Iron 31 23 0-42** 50 11 0-18 (NS)
Phosphate 0-009 0-013 0-59*** 0-011 0-010 0-47***
Potassium 0-060 0-064 0-51*** 0-087 0-071 0-45**
Protein 8-0 32 0-29* 7-8 4-0 0-34*
Sodium 6-6 <0 <0 (NS) 4.2 0-7 0-14 (NS)
Urea 0-58 0-74 0-56***. 0-96 0-57 0-38**
*P<0-05.
**P<0-01.
***P<0-001.

NS: P>0-05.



TaBLE 3. - Within-pair and between-pair mean squares, with associated degrees of freedom, by sex and zygosity. MZM, male MZ pairs; MZF, female MZ
pairs; DZM, male DZ pairs, DZF, female DZ pairs; DZOS, DZ pairs of opposite sex. (The DZOS within-pairs mean squares are corrected for mean sex

difference.)

Variable MZM MZF DZM DZF DZOS
Albumin Between 13-698  (40) 9347  (39) 10605  (36) 15157  (38) 7761 (36)
Within 1-805  (41) 2225 (40) 3149 (37) 5115 (39) 4718 (36)
Bicarbonate Between 10-851  (41)  14:030 (42)  19:041 (37) 11398  (43) 15551  (38)
Within 2226 (42) 1256 (43) 3421 (38) 2352 (44) 2.98  (38)
Bilirubin Between 0-08196 (41) 0-05757 (42) 0-06821 (37) 0-04988 (43) 0-06508 (38)
(log) Within 001218 (42) 0-01244 (43) 0-02568 (38) 0-02378 (44) 0-02871 (38)
Calcium Between 0:01379 (41) 0:01313 (42) 0-00816 (36) 0-00878 (43) 0:01260 (38)
Within 0-00296 (42) 0-00324 (43) 0-00742 (37) 0-00407 (44) 0-00590 (38)
Chloride Between 7.046  (39) 10306  (40) 9.881  (34) 5641 (41) 6050  (36)
Within 3125 (40) 2:024  (41) 2:629  (35) 3262 (42) 3333 (36)
Creatinine Between 2234 (41) 12744 (42) 1350 (37) 1567 (43) 2231 (38)
Within 422 42) 369 (43) 566 (38) 643 (44) 852 (38)
Globulin Between 21307 (39) 25211 (41) 20292 (37) 16247  (40)  18.802  (38)
Within 2038 (40) 4738 (42) 6105 (38) 4024 (41) 7.863  (38)
Iron Between 94295  (41) 65512  (42)  78:923 (37)  93-840 (43)  76:087  (38)
Within 36:005  (42) 30640 (43)  17-871  (38) 46091  (44) 56775  (38)
Phosphate " Between 0-03960 (40) 0-02925 (41) 0-02585 (37) 002647 (43) 0-02902 (36)
Within 0-01111 (41) 0-00957 (42) 0:01314 (38) 0-01853 (44) 0-01132 (36)
Potassium Between 01601  (41) 01394  (42) 01501 (37) 01419 (43) 01718 (38)
Within 00392  (42) 00552  (43) 00909  (38) 0-0815  (44) 00886  (38)
Protein Between 21508 (41) 23085  (42) 23429  (37)  19:055 (43) 19497 (38
Within 4393 (42) 6860  (43) 9724  (38) 9205  (44) 10873  (38)
Sodium Between 8243 (41) 7-508  (42)  12:668  (36) 6335 (43) 8774  (37)
Within 1500  (42) 1988 (43) 2811 (37) 2352 (44) 2533 (37)
Urea Between 1919 (39) 2081  (42) 0940  (37) 2423 (43) 1569 (36)
Within 0670  (40) 0:500 (43 0486  (38) 0:509  (44) 0677 (36)
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TasLe 4.  Summary of gencetic model-fitting results, showing goodness of fit of the most appropriate model and
estimates of the variances attributable to Ey, E, and V, factors and their significance

Variable Factors Test for goodncss of fit  Paramcter estimates Heritability

included in

chosen model  ¥? df. P E, E, Va K SE
Albumin E; VA 10-0 8 0-263 2:0%** — 5-4*** 073 £ 0-04
Bicarbonate E, E; Va 997 7 0-191 1-8%** 4-4%=*  2.1** 0-26 £ 0-11
Bilirubin (log) E, VA 3-10 8 0-928 0-012*** — 0-030***. 0-71 = 0-05
Calcium E, VA 6-15 8 0-631 0-0031*** — 0-0048** 0-61 = 0-06
Chloride E, E, 893 8 0-348 2-9*** 2-4***  — —_ —
Creatinine E, E, Vu 813 7 0-321 40*** 21 (NS) 54** 0-47 £ 0-17
Globulin E, E;, Va 3-50 7 0-835 4-8*** 5-5** 4-6** 0-31 £ 0-15
[ron E, E;, Va 122 7 0-095 34*** 13 (NS) 5 (NS) 009 £ 0-24
Phosphate E, Va 4-19 8 0-839 0-0099*** — 0-0114** 0-54 + 0-07
Potassium E, Vu 343 8 0-905 0-05*** 0-06***  0-56 = 0-07
Protein E, Va 343 8 0-905 5-6%*** — 9-1***  0-62 = 0-06
Sodium E, E, Va 8-07 7 0-327 1-8*** 2-2** 1-4* 0-26 + 0-15
Urea E, E, 9-83 8 0-277 0-56***  0-63*** — — —
*P<0-01.
**P<0-001.
***P<0-001.
NS: P>0-05.

TaBLES. Analytical error variance, derived from
external quality control results

Variable 52
Albumin 33
Bicarbonate 2-1
Bilirubin 17-8
Calcium 0-0014
Chloride 5-8
Creatinine 86

Iron 49
Phosphate 0-0017
Potassium 0-012
Protein 23
Sodium 4-3
Urea 0-16

rejected: for the E;-only model the chi-square
value was 73-4, P<0-001. The model containing
all three sources of variation, E,E,V,4 had a
slightly lower probability than one containing
only E; and V, effects (P = 0-251 against
P = 0-263) and gave a non-significant estimate
of the value of E, variance, so the E;V, model
was preferred. We can conclude that additive
genetic factors do influence plasma albumin
levels, and the heritability estimate is high
(0-73 + 0-04), but a paradox exists in that the
within-person component of variance and the
analytical error variance are both greater than
the estimate of E,; variance. The fact that the
pooled within-pairs variance for all twin pairs is

less than the within-individuals variance from
the repeat study suggests that the repeating
individuals may have been atypically variable in
their albumin levels, or perhaps that plasma
albumin in both members of a pair may be
affected by seasonal and climatic conditions.

BICARBONATE

The results for bicarbonate indicate a strong
shared environmental effect, which is unex-
pected. This may, however, be due to shared
environment of the samples after collection
rather than of the subjects themselves, as the
pairs of twins attended together on a single day
while the entire study extended over many
occasions. Conditions of storage (which are
especially likely to affect bicarbonate measure-
ment), and between-batch imprecision, prob-
ably form the basis of the apparent E, effect,
particularly because the E; estimate is small but
the repeatability of bicarbonate in the same
person on different occasions was low. The V5
estimate is nevertheless significantly different
from zero so inheritance may have a small
effect on plasma bicarbonate.

BILIRUBIN

Two approaches to the bilirubin data are
possible; either to consider the sexes separately
because their means and variances differ, in
which case the untransformed data can be used,
or to use log-transformed data and construct a
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common model for both sexes. The latter
makes fuller use of the data and is theoretically
preferable but in some ways the two approaches
lead to the same conclusions.

If untransformed data are used, both men
and women show a heritability around 80%
(0-81 % 0-05 for men, 0-78 *+ 0-05 for women)
but both the E, and V5 components of variance
are three times greater in men, as would be
expected from the original frequency distribu-
tions. The log transformation allows combina-
tion of male and female data by reducing the
differences between their total variances and
including DZ opposite-sex pairs, and leads to a
heritability estimate of 0-71 * 0-05.

The repeatability is much lower in women
than would be expected from the heritability
estimate, and it is lower than in men both
because of lower between-person and greater
within-person variation.

Although none of the subjects had bilirubin
levels high enough to cause visible jaundice, a
high proportion had slight increases. Thirty-five
men (18%) had a bilirubin above 20 pmol/l,
while this occurred in only five women (2%).
These people are intermediate between the
usual ‘normal range’ and visible jaundice, and
might be classified as having Gilbert’s syn-
drome. The inheritance of this condition has
been difficult to reconcile with Mendelian
dominant or recessive inheritance in family
studies® but regarding these individuals as lying
at one extreme of a continuous distribution
generated in part by polygenic variation is an
explanation which is more consistent with our
data.

The sex difference in bilirubin levels has been
a consistent finding in many studies, but the
explanation is not known; presumably there are
sex-dependent differences in bilirubin uptake
or conjugation by the liver:

CALCIUM
The plasma total calcium shows significant
heritability and no shared environmental effect.
The repeatability within individuals is compat-
ible with the heritability at around 50%.
Plasma total calcium levels are to some
extent dependent on protein or albumin levels,
both of which show genetic variation in this
study. However we cannot be sure if this link is
the cause of the apparent heritability of cal-
cium, or if ionised calcium must also be
considered. In the latter case, the sensitivity of
the parathyroid to plasma ionised calcium
would have to show genetic variation.
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There appears to be a link between plasma
total calcium and blood pressure,” which is
itself in part an inherited characteristic, but
which is cause and which effect is at present
unknown.

CHLORIDE

It proved necessary to consider only those
subjects with chloride of 98-112 mmol/ll to
obtain an acceptable fit for any model; there is
no evidence for any genetic variation and it
seems likely that the shared environmental
component reflects either climatic differences
between occasions (remembering that both
members of a twin pair attended on the same
day) or between-batch imprecision.

CREATININE

All three sources of variation appear to affect
plasma creatinine, but the E, component is
small and does not reach statistical significance.
The heritability is 0-47, which is slightly less
than the repeatability. Because creatinine is
derived from muscle creatine, body build is
probably the major source of the genetic effect
on creatinine, but genetic effects on glomerular
filtration rate might also exist. -

GLOBULIN

The measurement of plasma globulin is subject
to greater uncertainty because it is measured
indirectly, as the difference between total pro-
tein and albumin. The variation between occa-
sions in the same person is considerable (Table
2) but there appear to be significant genetic and
shared environmental effects (Table 4). If true,
this would mean that a pair of twins are more
similar to each other on a single day than a
person is to himself on two different occasions,
which is possible but seems rather unlikely.
Unfortunately there appear to be no other
studies on the within-individual repeatability of
plasma globulin with which to compare our
repeatability results, which might be unreliable
because of the comparatively small number of
subjects.

The plasma immunoglobulin concentrations,
which make up a major part of the globulins,
have been shown to be under some degree of
genetic control.!

IRON

There is significant individuality for plasma iron
in men but not women. The blood samples were
all taken at the same time of day, so this source
of variation is eliminated; but recent food
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intake was not standardised, and in women
variation related to the menstrual cycle'! would
also tend to reduce the repeatability.

Therefore the failure to demonstrate signifi-
cant genetic or shared environmental effects is
not surprising, and a combination of analytical
and (more importantly) temporal variation,
reflected in the E, estimate, accounts for about
two-thirds of the variance.

PHOSPHATE
Repeatability and heritability are each slightly
greater than 50% for phosphate. Others have
favoured an environmental explanation for
differences in plasma phosphate,’ but this is not
supported by our results.

POTASSIUM

Results for plasma potassium indicate that
there are significant genetically determined
differences between individuals. The E,V,
model gave a good fit to the data and the
addition of the shared environment parameter
(E,) to the model gave no improvement in fit
and produced a negative estimate for the E,
variance component. The repeatability estimate
is also consistent with the heritability, and with
a previous estimate? of the individual nature of
plasma potassium.

One previous study on renal sodium and
potassium handling in twins found a genetic
effect on plasma potassium but only after
sodium loading, not in the normal state.
However their number of subjects was less (55
pairs), so an effect might have existed before
the sodium load without reaching significance.

Plasma potassium is probably a poor indica-
tor of whole body potassium, at least in
disease!® and so the genetic difference between
individuals is more likely to be in the balance
between cellular and extracellular potassium
and/or renal tubular reabsorption. Several
groups have claimed to show differences be-
tween people in cell membrane sodium/
potassium transport'* although the results, us-
ing various different assay systems, are rather
inconsistent.

PROTEIN

The plasma total protein concentration appears
to be heritable but, as with albumin, the
repeatability between occasions is less than
would be expected. Genetic effects are prob-
ably present but our estimate of A2 (0-62) must
be regarded as tentative.

SODIUM
The model containing all three sources of
variation provides the best fit to the data for
sodium, with genetic factors of only marginal
significance. Analytical variation, both within
and between occasions, together with possible
climatic effects between occasions, probably
accounts for most of the variation. Other
workers have also found very little individuality
for plasma sodium.?

UREA
No genetic variation could be demonstrated for
urea concentration, but a significant shared
environmental effect was present. Its magni-
tude was similar to the repeatability.

This result may be contrasted with the other
measure of renal function, creatinine. Urea is
strongly affected by the protein content of the
diet, so this may be the source of the shared
environment effect.

GENERAL
We are not aware of any previous study on
these biochemical variables which measured
both heritability and repeatability. In several
cases, these two conflict, since the repeatability
should always be equal to or greater than the
heritability.’> Previous measurements of re-
peatability have not distinguished between men
and women, and it is important to do so when
the mean values of the two sexes differ because
sex confers its own individuality (or, more
formally, inflates the between-individuals com-
ponent of variance).

Recalculation of the results of Pickup et al.,!
who studied only men, showed results very
similar to ours. Of the variables reported in
both their study and this paper, phosphate
showed the greatest ‘individuality’ and sodium
the least. The only notable difference is in that
study the within-person repeatability of both
total protein and albumin is greater than our
results would indicate; this may well be due to
the greater ambient temperature range in
Sydney than in London.

Just as heritability should logically be no
greater than the repeatability, the analytical
error variances should be less than the within-
person component of variance found from the
repeat subjects. Comparison of Tables 2 and 5
shows that this is indeed so, except for chloride
and creatinine; in the latter case inclusion of
quality control samples with high creatinines
will have increased the analytical error
estimate.
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Analytical crrors are also relevant to the
shared environmental effects (£,) found for
bicarbonate, chloride, creatinine, globulin,
iron, sodium and urca. Since samples from the
two members of a twin pair were analysed in
the same batch, and within-run imprecision is
normally less than between-run imprecision,
these E, effects are probably in part artefacts
caused by the shared analytical, rather than the
shared human environment. A true E, effect
probably exists for urea, however, because the
between-run imprecision (which assuming zero
within-run imprecision sets a limit on between-
run effects) is considerably less than E,
variance estimate.

The interpretation of twin studies in terms of
genetic and environmental causes of differences
is based on a number of assumptions, notably
that twins are representative of the total
population and that the environmental similar-
ity of MZ and DZ pairs is the same. For these
variables these assumptions seem reasonable,
and the first is supported in that the means and
ranges of all the results are close to those
expected for the general population.

The only previous similar study concluded
that genetic variability played a role in control-
ling glucose, urea, uric acid and bilirubin.® We
are unable to present results for glucose be-
cause some subjects were fasting and others
were not; we disagree on the source of variation
in urea, but agree that there is genetic variation
for bilirubin. Uric acid shows genetic effects,
complicated by the effects of alcohol consump-
tion, and these results will be published separ-
ately.

Many of the other results of Havlik et al.?
could not be interpreted because of differences
in either means or variances between the MZ
and DZ pairs, but we did not encounter this
problem in our sample, even before the exclu-
sion of extreme results as described above.
Some of the differences between their results
and ours would be due to the greater age of
their subjects (42-56 years).

To summarise, we agree with others that
many. biochemical variables show a smaller
range of variation within each person than
between people, and we have found that for
many variables the repeatable variation be-
tween the individuals is partly under genetic
control.
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