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Chemical and hematological tests of human blood reflecting anabolic, cata-
bolic, immunological and regulatory mechanisms were carried out on
501 nonvegetarian adult males residing in Calcutta. The mean values
fell within the normal range for North American and West European
populations for amylase activity, acid phosphatase, alkaline phos-
phatase, calcium, total cholesterol, free cholesterol, creatinine, glucose, non-
protein nitrogen, serum pH, total protein, urea, uric acid, erythrocytes,
leukocytes, neutrophils, lymphocytes, hemoglobin, oral temperature, pulse,
systolic and diastolic pressure. They fell outside the normal range for
chlorides, cholesterol ester, eosinophils and sedimentation rate. Increased
values with advancing age were observed for cholesterol (total, free and
ester), creatinine, glucose, nonprotein nitrogen, urea, neutrophils, sedimen-
tation rate, systolic and diastolic pressure. The opposite trend occurred for
alkaline phosphatase, total protein, eosinophils and oral temperature.
Multiple regression equations permitting computation of the expected values
of the chemical and hematological tests for any individual, given his age,
height and weight, are presented. Mean values for each five-year age group
are reported for all chemical and hematological tests, and bivariate frequency
distributions are shown for age in relation to glucose, to sedimentation rate
and to diastolic pressure.

InTRODUCTION

An individual can be regarded as a point in a three-dimensional space
having as its dimensions age, height and weight. The point moves, as the
individual grows from birth to maturity, along all three dimensions, increasing
in age, height and weight. After reaching maturity, the point continues to
move along the age dimension, and may also move along the weight dimension.
This three-dimensional space can be conceived of as a physiological life space,
and the position of the individual in that space is indicated by his age, height
and weight. As a dimension, age denotes the length of time that an individual
has lived; it also connotes qualitative changes, which are particularly marked
during the period from birth to maturity. Height, as a dimension, is a
measure of skeletal size, while weight is a composite value contributed to by
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muscle, skeleton, fat, water and other constituents of the body. Physio-
chemical processes are the chemieal processes which take place as part of the
normal functioning of the body and organs (Dorland 1954). As the point
representing an individual moves through the space, these physiochemical
processes undergo changes, which may be referred to as micro-level changes in
the physiological life space. Also associated with the physiological life space
are psychological, sociological and economic variables; changes in these
variables which occur as an individual moves through the physiological life
space may be referred to as macro-level changes. The purpose of the present
study is to consider micro-level changes in physiochemical processes which
ocecur with changes in age, height and weight after maturity has been reached.
The approach is cross-sectional, that is selected physiochemical processes have
been studied in a number of individuals varying in age, height and weight.

The status and nature of changes in physiochemical processes with age
have been considered in terms of various blood constituents. For the present
research, the following blood constituents were measured: amylage activity,
calcium, chlorides, cholesterol (total, free and ester), creatinine, glucose, non-
protein nitrogen, phosphatase (acid and alkaline), protein (total), serum pH,
urea, uric acid, erythrocytes, leukocytes, neutrophils, lymphocytes, eosinophils,
hemoglobin and sedimentation rate. These blood constituents have been
examined in a series of researches by this laboratory over the past decade
(Das 1959, 1960, 1961, 1964; Das and Bhattacharya 196la, b; Das and
Mukherjee 1963).

MgzTHODS

Subjects for this study were 501 male residents of West Bengal,
engaged in office work, nonvegetarians whose main source of carbohydrate
was rice. They were selected by drawing random samples, within age
groups, of the employees of the Indian Statistical Institute, Calcutta.

The following routine was adopted for collecting the experimental data.
Subjects came to the laboratory in the morning in a fasting condition (no
meal since the previous evening). Upon arrival, the subjects sat quietly for
20 minutes, after which pulse, blood pressure and oral temperature measure-
ments were made. The circulatory variables were measured first on the right
arm and second on the left arm. Age, customary diet and other identi-
fication information were recorded. Height was measured with an anthropo-
meter (G.P.M., Switzerland) and weight was measured on a Salter Scale
(Grosvenor, England) which had been standardized. Venous blood was then
removed for the chemical and hematological tests; it was always removed
between 9.30 a.m. and 10.30 a.m. and immediately processed for the different

estimations. This procedure had been adopted in previous studies (Das 1959,
1960, 1961, 1964).
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The chemical and hematological tests are listed as variables in column
(2) of Table I. The laboratory method, material analysed (blood or serum)
and unit of measurement for each variable are specified in columns (3) and (4).
The references for the laboratory methods are as follows: King and Wooten
(1956) for variables 4, 5, 7, 12, 13, 14 and 15; Hawk et al. (1954) for variables
6, 10 and 18; Gradwohl (1956) for variables 8 and 9; Tarnoky (1958) for
variable 11; Varley (1962) for variable 17; Hepler (1955) for variables 16, 19 to
25; and the American Heart Association (1951) for variables 28 to 31.

The techniques of correlation and multiple regression analysis have been
used along with central tendency measures and bivariate frequency distribu-
tions to statistically analyse the data (Walker and Lev 1953). Correlation
coefficients, expressing the relationship between two variables, X and ¥, as a
pure number ranging in value from —1-0 through 0 to 4-1-0, were computed
using the formula
_ NZXY—(ZX)(XY)

T VINIXR—(ZX)[NEYe - (273

A positive‘sign preceding the coefficient indicates that Y increases as X in-
creases, whereas a negative sign indicates that Y decreases as X increases.
Asterisks are used to denote coefficients which differ significantly from zero,
i.e. exhibit a nonchance relationship between X and Y. For each variable
measured, its mean and standard deviation are reported in Table I along with
the coefficients of correlation with age, height and weight. Tables I1, ITI, IV
and V give the means of all age groups on each variable. Bivariate per-
centage frequency distributions have been obtained by converting entries in
two-way frequency tables to percentages of the 501 cases examined. Tables
VI, VII and VIII present these distributions for glucose, sedimentation rate
and diastolic pressure in relation to age. Multiple regression analysis has been
utilized to examine the regression of each blood constituent on age, height
and weight simultaneously. Columns (3), (4) and (5) of Table IX give the
standard partial regression coefficients computed by the Fisher modification of
the Doolittle Method. These coefficients are pure numbers, unaffected by the
scale of measurement, and can be compared with each other. Their signi-
ficance was tested by ¢ tests. Columns (6) through (8) give the multiple
regression equation of the general form

Y' = A4-by1.95X 1 4bys.13X2+bys. 10X,

where Y’ is the value of the variable as estimated by weighted values of X,
(age), Xg (height) and Xg (weight). Column (6) gives the constant 4 and
columns (7), (8) and (9) give the partial regression coefficients byj.oy, bysz.13
and byg.;z which differentially weight the values of X,, X; and X Given
an individual’s measurements on X,;, X, and Xj,, it is possible to compute
Y’ if the partial regression coefficients are known. The multiple correlation

P
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coefficients reported in column (10) of Table IX represent, for each variable,
the relationship between the observed values of Y and the values of Y’
computed by the multiple regression equation. A multiple correlation
coefficient ranges in value from zero to unity and is always positive; unity
indicates a perfect correspondence between ¥ and Y.

Discussion

The first question to be considered deals with physiochemical processes
as shown by measurements of the blood. Are the measurements on a popu-
lation of India similar to or different from those for populations more com-
pletely studied, e.g. of North America and Western Europe? To answer this
question, the values reported in columns (5) and (6) of Table I may be com-
pared with those regarded as normal for North America and Western Europe
(Altman et al. 1959; Goodale 1955; Gradwohl 1956; Hawk et al. 1954;
Hepler 1955; Tarnoky 1958; Varley 1962). In the discussion which follows,
the mean from Table 1 and the normal range for Western Europe and
North America are given in parentheses after each variable. The Indian
values fall within the normal range for the following variables: amylase activity
(95, 80-150), acid phosphatase (3, 1-5), alkaline phosphatase (9, 3-13), total
protein (7, 6-8), leukocytes (6800, 5000-10000), neutrophils (60, 50-70) and
lymphocytes (32, 20-40). The Indian values are slightly above or below the
upper limit of the normal range for free cholesterol (63, 45-61), nonprotein
nitrogen (36, 25-35) and pulse (71, 47-75). Conversely, the Indian values
are slightly above or below the lower limit for calcium (9, 9-11), total chole-
sterol (162, 150-250), -creatinine (1, 1-2), glucose (66, 65-95), serum pH
(729, 7-35-7-45), urea (19, 15-40), uric acid (2-2, 2-2-3-5), erythrocytes (43,
4-5-6-0), haemoglobin (14, 14-18), systolic (115, 96-155) and diastolic (70,
57-101) pressure. In comparison with American and European populations,
eosinophils (6, 1-3) and sedimentation rate (13, 0-9) are high and above the
normal range of values, while chlorides (520, 570-620) and cholesterol ester
(99, 105-189) are low and below the normal range of values. For male resi-
dents of urban and semi-urban West Bengal, India, these results suggest a
tendency towards anaemia; presence of chronic infections; loss of chlorides due
to perspiration; a relatively low sugar, fat and protein dietary intake; rapid
pulse and low blood pressure.

The second question to be considered asks about age-related changes in
physiochemical processes. Do these processes, as indicated by measurements
on the blood, show significant changes with age? The coefficients of cor-
relation presented in column (7) of Table I show that the following variables
increase significantly as age increases: cholesterol (total, free and ester),
creatinine, glucose, nonprotein nitrogen, urea, neutrophils, sedimentation rate,
systolic and diastolic pressure. The coefficients also show that the following
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variables decrease in value as age increases: alkaline phosphatase, total pro-
tein, eosinophils and oral temperature. No significant change with age was
noted for amylase activity, calcium, chlorides, acid phosphatase, serum pH,
uric acid, erythrocytes, leukocytes, lymphocytes, haemoglobin and pulse.
Thus it may be said that in comparison with a younger person, an older
person tends to have higher cholesterol, creatinine, glucose, nonprotein nitro-
gen, urea, sedimentation rate, systolic and diastolic blood pressure, and to
have lower alkaline phosphatase, total protein, erythrocytes, eosinophils,
haemoglobin and oral temperature. The nature of the changes with age is
exhibited in Tables 1T to V. In these tables, mean values for each age group
are reported. These age group means are the expected values at the various
points along the age dimension of the physiological life space. The coefficients
of correlation with age are also presented. The data underlying significant
correlations with age are illustrated for a chemical, a haematological and a
circulatory variable in Tables VI to VIIL. In these tables, the underlying
data are presented as bivariate percentage frequency distributions. Using
these percentages, expected frequencies for any sample can be computed.
The row totals give the age group percentage frequency distribution, and the
column totals give the percentage frequency distribution for the variable being
studied. The quantitative change in any variable due to age can be deter-
mined from the multiple regression analysis. -The coefficients of the multiple
regression equations, in columns (7) to (9) of Table IX, indicate the degree of
change in the variable per unit change in age, height or weight. Thus, for
example, an increase of +0-76 mg per 100 ml total cholesterol is expected for
each year of age. The yearly change in any determination of the blood is
indicated by its regression coefficient in column (7) of Table IX.

A third question can also be asked: what is the expected value of a vari-
able for any individual? To answer this question, all three dimensions of the
physiological life space need to be considered, for the prediction of the variable
will be more accurate if its regression on age, height and weight are simul-
taneously considered (Walker and Lev 1953). By means of the multiple
regression equations in Table I1X, it is possible to predict the expected value
for any individual, given his age, height and weight. This expected value
may be interpreted as his individual norm or standard.

Having demonstrated that significant age-related changes in blood deter-
minations take place, the underlying physiochemical processes remain to be
considered. Four physiochemical processes investigated in the present study
apparently change with age. One physiochemical process which is affected is
anabolism, the constructive phase of metabolism. Cholesterol, glucose, alkaline
phosphatase and total protein all reflect anabolic activities. Another physio-
chemical process which changes with age is catabolism, the destructive or
oxidative phase of metabolism. Nonprotein nitrogen, creatinine and urea
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are breakdown products of protein digestion and tissue metabolism, A
third physiochemical process which changes with age is the body’s defence
mechanism against sources of external infection. Sedimentation rate reflects
this process. The fourth physiochemical process concerns the regulating
mechanisms themselves. Eosinophil level, systolic and diastolic pressure and
oral temperature are examples of steady states which are apparently dis-
turbed with advancing age. Further study of these physiochemical processes
may elucidate the changes which occur as an individual progresses through
the physiological life space.
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