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Haematological surveys of adult population samples were conducted simultaneously
in 12 countries, all but one of which are in Europe. Haematological estimations on samples
from nine of the countries were made in one central laboratory. Differences between
countries in the mean levels of haemoglobin (and haematocrit and red cell count) were
found to be relatively small, and the prevalence of levels below the arbitrary WHO levels
for anaemia were, on the whole, low. In males, the evidence suggests a fall in haemoglobin
level throughout adult life, which increases slightly in advanced age. In females, there is
no evidence of any important relationship between age and haemoglobin level.

At a symposium of the XIII International Con-
gress of Haematology held in Munich in August
1970, reports were presented of cooperative studies
of haemoglobin levels in hospital out-patients con-
ducted in seven countries (Belgium, France, the
Federal Republic ofGermany, Italy, the Netherlands,
Portugal, and Spain). In the symposium, limitations
due to the use of hospital out-patients were recog-
nized, but it was agreed that the results reported
were of sufficient interest to justify further surveys
of more representative population groups.
Numerous surveys conducted in single countries

have been reported (1-14), but in few has adequate
attention been given to the comparability of the tech-
nical work with that of other investigators, and very
few have attempted to cover several countries at the
same time. The aim of the present survey was to
conduct simultaneously in many countries haemato-
logical surveys of representative population samples.
All estimations were to be derived from samples
of venous blood sent to a central laboratory in
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West Wales. These aims had to be modified to some
extent during the course of the work.

METHOD

Research units in a large number of countries in
Europe and the Middle East were asked to cooperate.
Each was asked to select a random sample of at
least 200 adults from two typical towns having
populations of 20 000 to 100 000 inhabitants by
means of a sampling frame that listed all adult
residents, such as an electoral register. Although
such a number cannot be assumed to represent a
country adequately, limited objectives had to be
accepted. The decision whether to observe restrictions
by sex or age was left to the group within each
country.

It was proposed that venous blood (2.4 ml) be
taken from each subject, put into special bottles
supplied by the MRC Epidemiology Unit, Cardiff,
and sent by airmail to a central laboratory in West
Wales. In this laboratory, samples were examined by
a Coulter Fn counter, which gave estimates of a
large number of parameters; these were supple-
mented by a haematocrit estimated by a micro-
method, and by an estimate of total non-protein
nitrogen (NPN) as calculated by the method of
Annino (15).
Workers in several countries did not send the

blood samples to the central laboratory but had
them examined locally. An attempt was therefore
made to compare the results from the local labora-
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tories with those from the central laboratory by
submitting several batches of split blood samples to
both laboratories. This was successfully accomplished
for only two countries, Belgium and Italy.

Six batches of samples, 226 in all, were sent to
both the central laboratory and to the local labora-
tory in Belgium over a period of about three months.
The overall mean difference in estimates of haemo-
globin level was trivial (0.8 g/litre higher in the
Belgian laboratory) and was small for red blood
cell count (RBC) (0.19 million/mm3 higher). The
difference in mean haematocrit was large enough to
be important (1.3% higher in the Belgian laboratory).
One batch of 43 samples was sent from Italy to both
the central laboratory and the local laboratory. The
mean of the haemoglobin estimations in the Italian
laboratory was 8 g/litre higher than the mean of
those made in the central laboratory. The mean
differences in RBC (0.5 million/mm3 lower in Italy)
and haematocrit (4.8% lower) were also large. These
results must be kept in mind in the comparisons
between countries that follow. While these data
enable fairly confident interpretation of results for
Belgium and Italy, the degree of comparability of
data for Spain, all the blood samples being examined
in a local laboratory, is unknown.
Before the study commenced, the effect of trans-

port and delay on estimations of haematological
variates was examined. The tests conducted had to
be limited, and could not have adequately tested the
conditions experienced by blood samples sent from
all the countries. Nevertheless, they did give con-
siderable reassurance. Haemoglobin level was
remarkably stable, and haematocrit and RBC both
showed only small changes with time. The main
conclusions in this paper are therefore based on
estimations of haemoglobin level, but haematocrit
and RBC are believed to be sufficiently reliable to
justify presentation.
The population sampling methods used in the

various countries were as follows:

Belgium
Social security lists of persons over 65 years of

age living in a densely populated industrial area
were used.

Czechoslovakia

Two towns were selected, the one being mainly
residential with some light industry and the other
having mining and heavy engineering. Random
samples were taken from electoral registers of per-

sons over 65 years of age and these were supple-
mented with persons living in old age pensioners'
homes.

Egypt
Persons 18-65 years of age were randomly chosen

from the electoral roll for a densely populated suburb
of Cairo.

England and Wales
Two typical industrial areas in South Wales were

chosen. Names were selected at random from
electoral registers, which include all persons aged
18 years and over. In one sample, 890% of those
approached cooperated and in another, 83%
cooperated.

Finland
Persons 15 years of age and over, who were seen

on consecutive days during a multiphasic health
examination in two towns in North Karelia, were
included. Of those invited to cooperate, 80% did so.

France
Persons over 65 years of age were drawn at

random from social security lists for both suburban
and urban districts.

Hungary
Women aged 20-40 years were selected at random

from electoral lists for a small industrial village
in West Hungary. Of those selected, 84% cooperated.

Ireland
Samples of persons over 65 years of age were

taken from lists of the elderly residents of four
small towns. Of those approached, 960% cooperated.

Italy
Random samples of residents over 65 years of

age in three small towns in Sicily were drawn from a
census register.

Norway
Persons 17 years of age and over were drawn at

random from the total population of two sparsely
populated areas in eastern and western Norway.
Approximately 60% of the men and 660% of the
women approached cooperated.

Poland
Adults under 65 years of age working in two

factories in small towns 30 km to the east and west
of Warsaw cooperated.
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Spain
Persons over 65 years of age were drawn at

random from a national census covering suburban
and rural areas close to Madrid.

RESULTS

Groups in 12 countries cooperated in the study,
but data for one had to be withdrawn because the
subjects had been selected from a medical clinic.
Clearly, the sampling methods used in some of the
other countries were not entirely satisfactory and
consequently impose limitations on the value of the
data that follow.

Tables 1-4 summarize the data for the various
countries, subdivided by sex and by age. These data
are difficult to summarize, and it is probably helpful
first to examine the agreement in the differences
between countries shown by the three haematological
variates. The countries were therefore ranked

according to the levels of each of the variates
separately and within the four sex and age groups.

There is a very obvious agreement in the ranked
order. The statistical significance of this similarity
was tested by deriving Kendall's coefficient of
concordance. In all the four sex-age subgroups,
this coefficient is statistically significant. This
consistency is reassuring, but in view of the greater
stability of the haemoglobin level under different
conditions of storage and transport, all of the fol-
lowing data are based on this variate.

Next, the agreement between the ranking of mean
haemoglobin levels for the various countries within
sexes was compared. This again showed significant
concordance (all P < 0.01). In view of this further
consistency, it would seem reasonable to draw
general conclusions about differences between
countries.

In subjects under 65 years of age, the total range in
mean haemoglobin level is remarkably small.

Table 1. Mean levels (i SD) in men under 65 years of age

Country No. of Ag nyas Haemoglobin Haematocrit RBC NPN
Country subjects Age in years (g/litre) (%) (millions/mm3) (mg/litre)

England & Wales 1 190 40.7 ± 13.68 155 ± 12.3 46.5 ± 3.71 4.91 ± 0.36 322 + 81.8

England & Wales 2 136 41.3 ± 13.4 154 ± 10.4 45.2 ± 3.61 4.89 ± 0.37 305 ± 66.0

Egypt 9 35.3 i 13.72 153 + 7.4 47.6 ± 1.41 5.05 - 0.29 350 + 74.7

Finland 182 41.1 ± 14.16 156 + 16.0 48.8 + 4.81 4.94 4 0.50 359 ± 107.1

Hungary -

Norway 161 41.1 + 14.11 150 ± 10.7 45.5 ± 3.22 4.81 ± 0.42 360 ± 106.0

Poland 87 36.3 ± 11.30 159 ± 14.7 47.3 ± 4.59 4.96 ± 0.49 352 ± 81.6

Table 2. Mean levels (+ SD) in women under 65 years of age

No. of . Haemoglobin Haematocrit RBC NPNCountry subjects Age In years (g/litre) (%) (millions/mm3) (mg/litre)

England & Wales 1 354 41.2 ± 13.14 139 12.7 42.0 ± 4.00 4.54 ± 0.38 297 _69.7

England & Wales 2 316 43.5 + 12.25 136 ± 13.0 40.5 ± 3.74 4.43 ± 0.36 285 ± 70.4

Egypt 18 32.0 ± 11.36 136 ± 19.9 43.2 ± 7.12 4.69 ± 0.99 238 33.1

Finland 138 42.3 ± 15.01 140 i 15.9 44.7 ± 5.07 4.50 ± 0.58 314 ± 95.3

Hungary 121 29.4 ± 6.51 139 ± 9.7 43.3 + 3.13 4.39 ± 0.32 213 56.6

Norway 208 41.5 ± 14.36 135 ± 10.2 41.4 i 3.50 4.35 ± 0.41 319 ± 75.4

Poland 133 39.0 + 10.89 144 ± 18.5 44.4 ± 5.57 4.66 ± 0.57 312 ± 88.0
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Table 3. Mean levels (I SD) in men 65 years of age and over

Country sbNo.e Age in years Haemoglobin Haematocrit RBC NPNCountrysubjects Age In years (g/litre) (%) (millions/mm3) (mg/litre)

Belgium a 161 78.8 ± 7.09 133 ± 21.8 40.7 ± 6.09 -

Czechoslovakia 168 70.8 ± 4.68 158 ±15.4 47.7 ± 4.93 5.04 + 0.46 413 ±104

England & Wales 1 33 72.3 ± 6.03 148 ± 12.5 44.9 ± 4.57 4.71 ± 0.44 354 ± 83

England & Wales 2 38 71.1 ±4.61 141 ± 20.5 41.9 5.63 4.51 +0.79 317 89

Finland 17 67.4 ± 2.21 155 ± 10.0 49.8 ± 3.82 4.91 ± 0.41 464 ± 114

France 16 74.8 i 7.49 152 + 17.3 46.7 ± 4.78 4.65 ± 0.45 329 ± 83

Ireland 151 72.1 ± 5.38 150 b 16.7 45.5 ± 4.71 4.74 ± 0.52 373 ± 102

Italy a 444 67.2 ± 5.83 138 ± 16.6 43.2 ± 5.36 4.10 ± 0.50

Norway 39 71.4 ± 5.15 144 ± 10.3 44.4 ± 3.14 4.54 ± 0.39 452 ±107

Spaina 145 - 138 ± 20.1 - -

a Haematology not carried out at the central laboratory.

Table 4. Mean levels (It SD) in women 65 years of age and over

Country sbNo.e Age in years Haemoglobin Haematocrit RBC NPNCountrysubjects Age In years (g/litre) (%) (millions/mm3) (mg/litre)

Belgium a 238 79.1 ± 7.10 127 ± 19.9 39.6 ± 5.93

Czechoslovakia 219 71.9 ± 5.25 144 ± 14.2 43.7 ± 4.45 4.77 ± 0.56 411 ± 104

England & Wales 1 111 72.7 ± 6.25 135 ± 14.7 41.5 ± 4.37 4.45 ± 0.47 371 ± 102

England & Wales 2 77 70.7 ± 5.47 136 ± 16.4 40.6 ± 4.57 4.46 ± 0.43 347 ± 88

Finland 19 67.5 ± 2.27 143 ± 19.3 45.4 ± 6.70 4.69 ± 0.58 401 ± 130

France 319 83.7 4 6.25 137 ± 16.9 42.0 ± 4.68 4.25 ± 0.48 381 ± 149

Ireland 244 73.2 ± 6.79 141 ± 20.3 42.8 ± 5.84 4.55 ± 0.60 374 ± 102

Italy a 295 67.4 5.91 132 ± 13.7 40.5 ± 3.98 3.96 ± 0.55

Norway 30 73.6 ± 7.10 137 2 7.4 42.3 ± 2.70 4.48 ± 0.44 445 ± 115

Spaina 162 - 128 ± 14.2

a Haematology not carried out at the central laboratory.

Analyses of variance show that Poland has a signi-
ficantly higher mean than all the other countries for
both men and women. Similarly, Norway has a
significantly lower mean than all other countries for
men and all except England & Wales 2 and Egypt
for women. The difference between the highest and
lowest means (i.e., Poland and Norway) is sur-
prisingly small (9.0 i 1.7 g/litre for men and
9.0 ± 1.5 g/litre for women). For each country,
the degree of dispersion of estimations around the

various mean levels was found to be fairly similar.
In subjects aged 65 years and over, larger dif-

ferences seem to occur and caution must be applied
when interpreting results from countries for which
estimations were not made in the central laboratory.
Analyses of variance show that for men, Belgium
has a significantly lower mean level than any other
country. This also proves to be the case for women,
with the exception of Spain, which also has a lower
mean level. For men, Czechoslovakia has a signi-
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ficantly higher mean than all other countries.
England & Wales 1, Finland, France, and Ireland
have similar mean levels, which are significantly
higher than those of the remaining countries.
England & Wales 2, Italy, Norway, and Spain
also have mean levels that are similar to one another.
The range of means is much smaller in women

than in men. Czechoslovakia, Finland, and Ireland
have the highest means, and these are significantly
different from those of the other countries; England
& Wales 1, England & Wales 2, France, and Norway
occupy an intermediate position, and Italy and
Spain have mean levels that are lower than those
of the other countries. Again, these data show
relatively small differences in the degree of scatter
of individual results around the separate means.

The data on non-protein nitrogen (NPN) are of
interest. As expected, the mean levels are higher in

Table 5. Quadratic regression coefficients
sion a of haemoglobin level on age

the older subjects. The range in mean levels is
relatively small but the rank order of the means

is very different to that of the haematological
variates.

Effect of age

Inspection of Tables 2 and 4 shows clearly that
within the country, differences between the mean

levels of the younger and the older women are quite
trivial. In men, all four countries for which data
are available for both age groups show a lower
mean in the older subjects (Tables 1 and 3). Only
in one sample (England & Wales 2) is the difference
statistically significant (10 ± 2.8 g/litre) and in the
others the differences are quite small (3.0, 1.0, and
6.0 g/litre in England & Wales 1, Finland, and
Norway, respectively).
The effect of age on haemoglobin level was

(bi and b2) and the significance of regres-

Men Women
Country linear quadratic linear quadratic

bi b2 bi b2

All ages

England & Wales 1 0.04 -0.0006 0.04 -0.0004
(4.3 %) b (3.1 %) b (0.1 %) (1.3 %) c

England & Wales 2 -0.001 -0.0003 0.04 -0.0004
(9.6 %) b (0.1 %) (0.1 %) (0.5 %)

Finland 0.02 -0.004 -0.06 0.0007
(0.2 %) (0.4 %) (0.0 %) (1.0 %)

Norway 0.17 -0.002 0.07 -0.0009
(9.1 %) b (8.3 %) b (0.4 %) (0.9 %)

Under 65 years

Hungary - - -0.22 0.004
(0.2 %) (1.9 %)

Poland 0.006 -0.0002 0.10 -0.001
(0.2%) (0.0%) (1.2%) (1.1 %)

Over 65 years

Czechoslovakia -0.06 0.0003 0.19 -0.001
(1.9 %) (0.3 %) (5.3 %) b (7.7 %) b

France - - 0.36 -0.002
(4.5 %) b (14.5 %) b

Ireland 0.40 -0.003 -0.18 0.0009
(40.1 %) b (10.3 %) b (2.7 %) b (0.3 %)

a The figures shown in brackets are estimates of the proportion of the variance in haemoglobin level
that can be " explained " by regression on age. The figure under bi relates to linear regression, the figure
under b2 is the additional proportion explained by a quadratic regression.

b p < 0.01.
cp< 0.05.
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Fig. 1. Mean haemoglobin levels in various countries.

further studied by regression analysis. Linear,
quadratic, and cubic regression equations were
examined in the data for countries for which a
reasonable number of results are available. On the
whole, quadratic equations appeared to explain
the relationship best and in only one out of the
16 sub-sets of data did the addition of a cubic
coefficient appear to make a significant contribu-
tion to regression.
Table 5 lists the regression coefficients, and

Fig. 1 sets out mean haemoglobin levels for various
ages, that have been derived by using the quadratic
coefficients shown in Table 5. There are considerable
inconsistencies in these data and this may to some
extent reflect differences in sampling procedures.
Ireland presents a pattern for men that is markedly
different to all the others: the data for this country
indicate a rise in mean haemoglobin level in older
men. The strength of the regression on age is
also vastly greater for Ireland than for any other
country. In general, however, it appears that in
men there is a significant relationship and this can
be fairly well described as a fall in haemoglobin
level with increasing age that accelerates at advanced
age. It is difficult to generalize about the size of
this fall but it would appear to lead to a fall during
adult life of about 10 g/litre.

In women on the other hand, the evidence sug-
gests that age has only a trivial effect on haemo-
globin level. Almost all the coefficients in Table 5

are small and few are statistically significant. In the
countries for which data are available only for
women over 65 years of age, the coefficients are
larger but are again inconsistent: those for two
countries (Czechoslovakia and France) suggest
a rise with advancing age, whereas those for Ireland
suggest a fall. The general impression gained from
these data is that in women there is no important
relationship between haemoglobin level and age.

DISCUSSION

It is unfortunate that interest in iron balance has
largely crystallized in terms of the prevalence of
anaemia (6, 12). It is a most inefficient use of data
for the results of surveys, such as those reported
here, to be summarized in terms ofa single prevalence
estimate. Nevertheless, because of the frequent use
of such statistics by haematologists and nutritionists,
prevalence estimates are given in Table 6. These show
considerable differences between countries, but this
is to be expected as prevalence estimates are highly
unstable when based on small numbers. On the
whole, however, anaemia does not appear to be
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Table 6. Prevalence of" anaemia " in the samples from the various countries

Haemoglobin
Country men women

No. <130g/l <110g/l No. <120 g/l < 100 g/I

All ages

England & Wales 1 223 3.1 % 0.4 % 465 6.5 % 0.9 %

England & Wales 2 174 6.3 % 2.9 % 393 7.4 % 2.3 %

Finland 199 1.0 % 0.5 % 157 7.0 % 1.9 %

Norway 161 3.1 % 0.6 % 208 5.8% 0.5%

Under 65 years

Hungary - - - 111 3.6% 0.0%

Poland 87 1.1 % 0.0% 133 3.8% 0.8%

Over 65 years

Belgium a 161 42.2 % 12.4 % 238 30.3 % 8.4%

Czechoslovakia 168 1.8 % 1.2 % 219 5.0 % 0.9 %

France - - - 319 12.9% 3.1 %

Ireland 151 9.9 % 1.3 % 244 8.6 % 2.0%

Italya 444 25.9% 4.1 % 295 10.8% 0.3%

Spaina 145 32.4% 6.9% 162 18.5% 0.0%

a Haematology not carried out at the central laboratory.

common and, for what they are worth, the data in
Table 6 should give considerable reassurance.
The more reliable data in Tables 1-4 indicate that,

apart from one or two exceptions, differences
between countries are surprisingly small. The degree
of consistency in the ranking of countries within
the two sexes and within the two broad age groups,
as far as these permit comparison, is sufficiently
high to suggest that the differences shown are real
and have not arisen by chance alone. However,
the extent to which differences between countries
have been generated by inadequate population
sampling is unknown. While unsatisfactory sampling
could generate apparent differences between coun-
tries it is rather less likely that it would have obscured
more important differences between countries.
The data should give a considerable degree of

reassurance with regard to the likely size of the
problem of iron deficiency in most of the countries.
There are possible exceptions. The mean haemo-
globin levels in Belgium are lower than those of the
other countries by an amount which, if the sample
examined is representative of the community, is

clinically important. The levels for Italy and Spain
also appear to be low. While differences for Spain
may have arisen because of technical differences in
haemoglobin estimation, the result of the compara-
bility study conducted with Italy would suggest
that differences may in fact exist that are larger than
those shown. One of the most interesting aspects of
the present data is the relationship between haemo-
globin level and age. Trends within the present
data are similar to those detected in other studies
(13, 14) but go against widely held beliefs, and it
would seem that present concepts about iron
deficiency and age need re-examination.

In countries such as those involved in the present
surveys, iron deficiency is uncommon in men and
at death most men have considerable iron stores.
The presence of a steady decline in mean haemo-
globin level is therefore difficult to explain, unless
it be regarded as physiological, consequent on the
decreased requirements of a decreasing muscle mass
and energy expenditure.
On the other hand, iron deficiency is believed to be

common in women in the countries represented, and
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those studies that have been done suggest that iron
stores are minimal or absent in most women at
death. The commonest cause of low levels of cir-
culating haemoglobin is undoubtedly iron deficiency
and it is commonly, and confidently, stated that the
prevalence of iron deficiency increases with age in
women. The absence of evidence of a fall in the mean
haemoglobin level in women is therefore inconsistent
with current concepts.
The circulating haemoglobin level does not

therefore appear to fall appreciably with increasing
age in women. An inference, therefore, is that iron

deficiency is unlikely to be an important community
problem in the countries represented. A further
inference, though this is less certain, is that if
the steady fall in haemoglobin level in men is phy-
siological and not pathological, then some of the
differences in the distributions of circulating haemo-
globin level in men and women is simply due to
differences in physiological factors such as muscle
mass and energy expenditure. It has been shown
elsewhere that cyclical variations in haemoglobin level
during the menstrual cycle also contribute to the
difference in mean haemoglobin level in the sexes (16).
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RItSUMIt

ENQUfTE HJMATOLOGIQUE INTERNATIONALE

Des enquetes h6matologiques ont et6 menees simulta-
n6ment dans 12 pays: Angleterre et Pays de Galles,
Belgique, Egypte, Espagne, Finlande, France, Hongrie,
Irlande, Italie, Norvege, Pologne, et Tch6coslovaquie. En
Belgique, Espagne et Italie, les estimations hemato-
logiques ont et6 faites sur place, mais tous les autres pays
ont envoye les 6chantillons de sang A un laboratoire
central. Dans tous les pays, sauf un, les enquetes etaient
fondees sur des 6chantillons representatifs de la popula-
tion. Dans six pays, 1'etude portait uniquement sur les
sujets de 65 ans et plus, mais dans les autres les adultes
de tous ages etaient inclus.
On a d6termine le taux d'hemoglobine, I'hematocrite

et le nombre des erythrocytes, mais comme les resultats
de ces mesures tendaient A pr6senter une concordance
suffisante, il a paru justifi6 de tirer les principales conclu-
sions des donnees sur le seul taux d'hemoglobine.
On notait en outre une concordance marqu6e dans le

classement des taux moyens d'h6moglobine selon les
pays, pour le sexe masculin et le sexe feminin.
Neanmoins les differences entre pays etaient remar-

quablement faibles. Chez les sujets de moins de 65 ans,
les taux moyens etaient plus hauts en Pologne que dans
tous les autres pays, et significativement plus bas en
Norvege que dans la plupart des autres pays. Cependant
la difference maximale entre pays chez les sujets de ce
groupe n'etait que de 9 g/litre dans chaque sexe. Chez les
sujets de 65 ans et plus, on a note egalement des diffM&
rences faibles entre les taux moyens dans les pays qui
ont soumis des 6chantillons au laboratoire central, mais
ces diff6rences semblaient un peu plus marquees parmi
les hommes que parmi les femmes. C'est en Tcheco-
slovaquie que les taux moyens d'hemoglobine etaient les
plus hauts pour les deux sexes.

L'effet de l'age sur le taux d'hemoglobine a ete etudie
en detail. En gen6ral, les donnees provenant des divers
pays 6taient concordantes et montraient un abaissement
avec l'age qui s'accelerait chez les hommes ages. L'abais-
sement au cours de la vie adulte serait en moyenne
d'environ 10 g/litre. Chez les femmes, il n'y avait aucun
indice net d'une association entre le taux d'hemoglobine
et l'age.
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