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Biometry Research Unit, Indian Statistical Institute, Calcutta

Indices of Blood Biochemistry in Relation
to Age, Height, and Weight
By B. C. Das

Clinical tests of blood biochemistry are used to evaluate the
milieu interne for the diagnosis of pathological and abnormal condi-
tions. As used by Claude Bernard (1813-1878), milieu interne refers to
the blood and lymph bathing the cells of the body. It is concerned
with respiration, nutrition, excretion, maintenance of water content,
temperature regulation, protection, regulation by hormones, and
other functions of and related to the body cells and tissues, The
clinical tests are designed to assess the effectiveness with which these
functions are being carried out. Collection of data using these tests
under conditions of normal physiological functioning provides the
standards against which abnormal and pathological conditions can
be identified and diagnosed.

It has been recognized that changes in the blood biochemistry
may be associated with the growth and aging of the organism.
Hematological and blood chemistry observations during growth
have been reported for children from four to twelve years of age by
Magy and Kelly (1957). Geschickier (1959) has pointed out that the
regressive changes in the tissues that occur with aging must be
associated with changes of the blood and blood supply. For several
clinical indices of blood biochemistry, changes with age have been
observed in European and North American populations, e.g., for
inorganic phosphorus, hemoglobin, leukocytes and lymphocytes
(Goodale, 1955). The nature of the changes with age has not been
clearly indicated, however, neither expected values at different ages
nor statistical measures of relationship having been reported.
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Previous research from this laboratory has shown that serum
globulin fractions and total serum globulin increase linearly with
age and decrease as weight increases, that serum albumin is not
related to age or weight, and that while serum lipoprotein increases
with age, it is more highly correlated with weight (Das and Bhatta-
charya, 1961). The relationships of systolic and diastolic pressure,
and of cholesterol ester and free cholesterol, to age and weight have
also been reported (Das, 1959, 1960, 1961; Das and Mukherjee,
1963). These results were obtained for a population in which age
and weight are not significantly correlated. The present research
was carried out to explore the relationships of clinical indices of
blood biochemistry to age, height, and weight in a normal popu-
lation. It was also sought to determine whether the ranges accepted
in Europe and North America for these indices are appropriate for
diagnostic purposes in India,

Methods

Three hundred fifty-eight male employees of the Indian Statistical Institute, Cal-
cutta, India, served as subjects for this experiment. All subjects were reaidents of West
Bengal, India, were engaged in office work, and were nonvegetarians whese main
source of carbohydrate was rice. They were selected by drawing random samples, within
age groups, of the employeu of IJ:: Indnn Suatistical Inmmle No cases of medically

ding b d in the sample.

" The l'ol.lowmg Toutine was adopted for oollccuon of thc expenmcnul data, Subjects
came to the laboratory in the moming in a fasting condition (no meal since the previous
evening), and venous blood was removed for the clinical tests. The venous blood was
always taken between 9.30 a.m. and 10.30 a.m. and was immediately processed for the
different estimations. A light meal was given to the subjects and two hours later they
returned to the laboratory where they sat for half an hour before blood pressure was
measured. Then, age and customary dict were recorded, pulse and blood pressure de-
terminations made (Amm'ml Heart Association, 1951) and height and weight recorded.
Height was d with an anthrop (G.P.M,, Switzerland) and weight was
mumrod on a Salter Scale (Grosvenor, England) which had been standardized.

on 28 variables were obtained for each subject. The variables have
been amigned identifying numbers for the present report: age in year, height in ceati-
meters, and weight in kil being bers 1, 2, and 3 respectively. Numbers 4 to 28
are clinical indices, and their numbers and names are given in mlumm (1) and (2) of
table 1. For each clinical index, table I gives the method of determination in column (3),
the material analyzed in column (4), and the unit of measurement in column (5). The
references followed were Tdmoky (1958) for variable 4; Hawk ef al. (1954) for variables
5, 7, and 9; Varley (1962) for variables 6 and 11; Gradwoh! (1956) for variable 8; and
Hpler (1955) for variable 10 and variables 12 to 25 inclusive.

Results

For the entire sample of 358 subjects, age ranged from 17 to 83
years, with a mean of 32.69 years and a standard deviation of 13.14
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years. Height ranged from 134.60 cm to 184.20 cm; the mean height
was 166.03 cm, with a standard deviation of 6.94 cm. Weight ranged
from 36.29 kg to 97.07 kg; the mean weight was 55.57 kg, with a
standard deviation of 10.06 kg. Means and standard deviations for
the clinical indices are given in columns (6) and (7) of table I. To
define the limits of the normal values of the clinical indices, custom-
arily taken as 90% of the individuals, normal ranges have been
computed (Baneroft, 1957). The product of the normal deviate 1.65
and the standard deviation has been subtracted from the mean to
obtain the lower limit of the normal range, and has been added to
the mean to obtain the upper limit of the normal range. The normal
ranges for these data are given in column (8) of table I; accepted
ranges for Europe and North America are given in column (9) for
comparison (Altman, Ditmer and Grebe, 1959; Goodale, 1955; Grad.
wohl, 1956; Hawk et al., 1954; Hepler, 1955; Tdmoky, 1958; Varley,
1962).

To determine the regression of the clinical indices, taken singly,
on age, height, and weight, cocfficients of correlation were computed
(Walker and Leo, 1953). For these data, age was correlated -0.070
with height and +0.140 with weight. These two correlations do not
differ significantly from zero, Height and weight were correlated
+0.467 (P < 0.01). The correlations of each clinical index with age,
height, and weight are given in columns (3), (4) and (5) of table II.
To partial out the effect of the intercorrelations between age, height
and weight on their correlations with the clinical indices, muldple
regression analysis was carried out (Walker and Lew, 1953). The
standard partial regression coefficients, which are pure numbers
(independent of the scale of measurement), giving the regression of
each clinical index on age, height, and weight are given in columns
(6), (7) and (8) of table II. The significance of each regression
coefficient has also been indicated. Multiple regression equations
for the prediction of clinical indices, given age, height, and weight,
are presented in columns (9) to (12) of table II. The constant for
each equation is given in column (9), and the regression coefficients,
expressed in the units of measurement specified in column (5) of
table I, are given in column (10) for age, (11) for height, and (12)
for weight. The corrclation between the expected value of the
clinica] index, as estimated by the multiple regression equation, and
the observed value, is reported as a multiple correlation coefficient
in column (13) of table II for each of the clinical indices. The
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Table IV
Expected Values of Significant Clinical Indices According to Age, Height, and Weight:
Chemical Varisbles
Numba b . Helght (cm) 180 170
Weght (kg) 425 525 575 625 95 %3 575 628
{1 (4] Age &) @ ®) 6 m ® [ ()

(years)

4 Glucose 25 7390 7533 7676 78.19  70.03 7146 72.89 74.32
35 7691 78.34 79.77 B1.20 73.05 74.47 7590 77.33
45 7993 8136 82.78 B842i 76.06 7749 78.92 80.35
55 8294 8437 8580 8723  79.07 80.50 81.92 83.36

5 Chlorides 25 500.71 498.17 495.62 493.08 498.16 495.61 493.06 490.52
35 522.08 519.53 516.98 514.44 519.52 516.97 514.43 511.88
45 543.44 540.89 538,35 535.80 540.88 538.33 535.79 533.24
55 564.80 562.25 559.71 557.16  562.24 559.69 557.15 554.60

7 Creatinine 25 170 173 176 178 160 163 1.66 1.68
35 L71 L74 176 179 161 164 166 1.69
45 L7 L4 177 L19 1.61 1.64 167 1.69
55 172 14 177 180 162 164 167 170

8 QCalcum 25 924 923 923 922 923 922 922 921
35 960 959 959 9.58 959 958 9.58 9.57
45 996 995 995 994 995 994 99¢ 993
55 1031 1031 10.30 1030  10.30 1030 10.29 1029

11 Thymol- 25 227 239 251 264 222 234 247 259
turbidity 35 214 22 238 25l 209 221 233 246

45 200 218 225 237 196 208 220 233

55 1.87 200 212 224 182 195 207 219

14 Cholesterol 25 112.48 115.21 117.95 120.68  110.02 112.75 11549 118.22
ester 35 11266 115.40 118.14 12087  110.21 112.94 115.68 118.41

45 112.85 115.59 118.33 121.06 110.40 113.13 115.87 118.60

55 118.04 115.78 118,52 121.25  110.59 113.32 116.06 118.79

15 Free 25 5848 6322 6195 72.68 5442 59.15 63.88 68.62
cholesterol 35  60.96 65.69 7043 75.16 5690 61.63 66.36 71.09

45 6344 68.17 7290 7764 59.37 64.11 68.84 73.57

55 6592 7065 7538 80.11 61.85 66.58 7132 76.05

multiple correlation coefficients differ significantly from zero
(P< 0.01 or P <0.05) for eighteen of the clinical indices measured.
The values of the multiple correlation coefficient required for signifi-
cance are 0.177 (P <0.01) or 0.147 (P <0.05).

Eighty five % of the subjects were between 20 and 69 years of
age. The numbers of subjects belonging to the five decades between
20 and 69 are as follows: 20-29, 173; 30-39, 52; 40-49, 42; 50-59,
24; 60-69, 14. For each age group, mean age, height, and weight
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Tabls V
Expected Values of Significant Clinical Indices According to Age, Height, and Weight:
Hematological Variables
e, T @ m

Weight (kg) 473 523 573 625 73 525 73 6
m @ Age o W ® & o @ ©® 1o
(yean}

19 Erythrocytes 25 492 494 497 49 491 494 49 499
35 482 484 487 489 481 484 486 489
4+ 472 474 477 419 471 474 476 479
55 462 464 467 469 461 464 466 469

20 Leukocytes 25 7112 7157 7208 7248 6492 6537 6583 6628
85 7034 7079 7124 7170 6414 6459 6504 6549
45 6955 7001 7046 7091 6335 6381 6426 647
85 6877 6922 6967 7013 6257 6302 6347 6392

21 Neutrophils 25 5552 5544 55.36 5528 5558 5550 5542 55.34
35 5729 5720 5712 5704 5.3 5726 57.18 57.10
45 5905 58.97 58.89 58.81  S59.11 59.02 58.94 $8.86
55 608l 60.73 60.65 60.57 60.87 60.79 60.71 60.63

22 Lympho- 25 33.99 34.00 34.01 34.02 34.81 3482 34.83 34.84
oytes 35 8303 93.04 383.05 3306 8385 93.86 33.87 33.88

45 3208 3209 3210 3211 8290 3291 3292 3298

55 8112 3113 3114 SLI15 3194 8195 8196 3197

23 Eosinophils 25  10.09 10.07 10.04 10.02 9385 933 930 928
35 914 912 910 9.07 640 838 83 833
45 819 817 815 8.2 746 743 741 738
55 725 722 720 7.8 651 648 646 6.4

24 Sediment- 25 120! 1218 1235 1252 11.38 11.5¢ 1171 11.88
ationrate 35 1456 14.72 1489 1506 1392 14.09 1426 1442
45 172.10 17.27 1744 1760 1647 1663 1680 16.97

55 1965 198! 1998 20.15 1901 19.18 19.35 1951

25 Volumeof 25 4857 48.53 4850 4846 4848 4844 48.41 48.37
packed 35 4171 4768 47.64 47.60 4762 47.59 47.55 471.52
erythrocytes 45  46.86 46.82 46.78 46.75  46.77 46.73 46.70 46.66

55 4600 4596 4593 4589 4501 4588 45.84 4581

have been computed; the means are reported in the first three rows
of table III [in columns (8), (5), (7), (9) and (11)]. For the cighteen
significant clinical indices identified in table IT, means for these age
groups have also been computed. Entering mean age, mean height
and mean weight of an age group in the multiple regression equa-
tions [columns (9) to (12) of table IIJ, expected values for the
eighteen clinical indices have also been computed [columns (4), (6),
(8), (10) and (12) of table III], The units of measurement are the
same as those specified in column (5) of table I.
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Tables IV and V have also been computed using the multiple
regression equations. For two heights, four weights, and four ages,
expected values for the seven significant chemical variables have
been presented in table IV, Similarly table V presents the expected
values for the seven significant hematological variables. Total cho-
lesterol is composed of two statistically independent components,
free cholesterol and cholesterol ester. Their correlation is -0.077
which does not differ significantly from zero. Hence total cholesterol
is not included in table IV and expected values are given only for
the two components, The three measures of circulatory system per-
formance, pulse rate, systolic and diastolic pressure, also have not
been included, detailed data having been reported elsewhere for
similar samples (Das, 1959, 1960, 1961; Das and Mukherjee, 1963).
The expected values in tables IV and V illustrate the regression of
the clinical indices on age, height and weight. The expected values
are expressed in the units of measurement recorded in column (5)
of table I,

Discussion

Clinical indices are required for the diagnosis of pathological
and abnormal conditions. If a determination of a clinical index falls
within the normal range, it is regarded as an acceptable or normal
value. Climatic and nutritional factors may affect the normal range
as they are likely to influence physiological processes. A value which
indicates successful adaptation in one climate may not necessarily
be successful in another climate. These considerations suggest that
the normal ranges of clinical indices should be empirically deter-
mined for different geographical regions. The data presented in
table I summarize observations on male residents of Calcutta, India.
The ranges observed for these data [see column (8)] are compatible
with the accepted ranges for Europe and North America [see column
(9)] for the majority of the clinical indices. Differences apparently
exist between the two ranges for the three cholesterol determinations
(variables 13, 14 and 15), and have been reported previously for
samples from the same population (Das, 1959, 1960, 1961). The
lower limits of the normal range for these three indices may be
attributed to the low weights of some subjects in the sample, since
cholesterol and weight are significantly and positively correlated
[see columns (5) and (8) of table II]. Differences between the two
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ranges for the differential leukocyte count are mainly due to the
high percentage of eosinophils (variable 23), a mean value of 8.88%,
obtaining for the entire sample of subjects. This observation may
reflect hygienic conditions, as eosinophils are genegally increased in
parasitic and allergic conditions (Goodale, 1955). Sedimentation rate
(variable 24), corrected for room temperature and volume of packed
erythrocytes, also deviates from the accepted range, its mean value
being 13.85 mm/h. Whether this result is due to the presence of
chronic infectious processes (Goodale, 1955) or some other cause is
not clear from the present data. Two further indices may be men-
tioned, glucose (variable 4) and chlorides (variable 5), both of
which exhibit a lower limit than the accepted range and hence may
be reflecting climatic and nutritional conditions.

A statistically significant increase with age has been shown for
the following clinical indices of blood biochemistry: glucose, chlo-
rides, calcium, neutrophils, and sedimentation rate (variables 4, 5,
8, 21 and 24 in table II). A statistically significant decrease in the
clinical index occurring with an increase in age has been observed
for erythrocytes, lymphocytes, eosinophils, and volume of packed
erythrocytes (variables 19, 22, 23, and 25). The significant positive
relationships between age and pulse rate, systolic and diastolic pres-
sure (variables 26, 27, and 28) have been reported previously (Das,
1959, 1960; Hamilton ¢t al., 1954). Although variation with age has
been reported in European and North American populations for
inorganic phosphorus, hemoglobin and leukocytes, these variables
(numbers 10, 16 and 20) have not shown significant relationships
to age in the present data.

Clinical indices serve as measures of the effectiveness of physio-
logical functioning. Statistically significant changes in these indices
with advancing age may indicate changes in the milieu interne causing
or reflecting regressive changes in the tissues or in specific organs.
Glucose level serves as one measure of liver and pancreatic function-
ing; the levels of chlorides and calcium are mainly affected by kidney
function; the sedimentation rate may reflect both liver and kidney
functioning. For each of these variables, a significant increase with
age has been noted, suggesting a decreased effectiveness of the Liver,
pancreas and kidneys with age. The changes might be expected to
adverscly influence the following tissue and cell functions: nutrition,
main of water content, temperature regulation, and pro-
tection. Among the hematological variables, percentage of neu-
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trophils has shown a significant increasc with age and the percentage
of lymphocytes has decreased with age; these results are in agree-
ment with accepted clinical findings (Goodale, 1955). They have
particular relevance for protection of the tissues, and it may be
appropriate that their sites of production differ: neutrophils origi-
nating in the bone marrow and the lymphocytes in the lymph nodes.
While the action of neutrophils is phagocytic, the precise function of
lymphocytes is unknown but they are believed to be concerned with
antibody production and reaction to foreign substances. A decreased
percentage of eosinophils with age does not seem to have been re-
ported previously. Eosinophils are produced in the bone marrow, as
are the neutrophils, but they decrease with age in the present data.
Eosinophils and lymphocytes may be affected by the functioning of
the adrenal glands and both may be concerned with protection of
the tissues and cells (Goodale, 1955). Both the erythrocyte count and
the volume of packed erythrocytes have also decreased with in-
creasing age; this trend among adults has not been emphasized in
the literature, although high values for infants and lower values for
children, relative to adults, have been recorded (Goodale, 1955).
Some possible causes of this effect may tentatively be advanced: a
possible decreased production of erythrocytes by the bone marrow;
alternatively, a cumulative effect of inadequate nutrition with age.
Regardless of cause, this trend might affect cellular and tissue
respiration. Observed values of the statistically significant variables
for subjects according to age are presented in table III, along with
expected values computed using the multiple regression equations.
These observed and expected values provide illustrations of the
effects of the significant relationships reported in table II,

Weight has previously been observed to be significantly related
to total cholesterol, cholesterol ester, free cholesterol, systolic pres-
sure, and diastolic pressure (Das, 1959, 1960, 1961; Das and Mukher-
jee, 1963). In addition to confirming these results, column (8) of
table II shows that weight is significantly and positively related to
thymol-turbidity (variable 11), The precipitate obtained in the
thymol-turbidity test has been reported to contain globulin, phos-
pholipid, cholesterol and thymol (Goodale, 1955). In normal indi-
viduals, the increased amount of serum lipids, including cholesterol,
associated with increased weight may cause an increased turbidity
of reaction in the thymol-turbidity test. In the present data, height
has been significantly and negatively related to creatinine and
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leukocytes (variables 7 and 20), that is, it appears that measure-
ments of these two indices tend to be smaller for taller individuals,

For the diagnostic application of the findings of clinical tests, it
is useful not only to have the normal range, but also to have expected
values according to age, height, and weight. The observed value for
a specific individval may then be compared with the expected value
for persons of the same age, height, and weight. Deviation from the
expected value may provide valuable information for the medical
practitioner. Table IV presents a series of tables giving expected
values for the chemical variables significantly related to age, height,
or weight. A similar series is presented in table V for the significant
hematological variables.

Acknowledgement, The correlation matrix for the twenty-eight variables was calculated
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Summary

Clinical indices of blood biochemistry were determined for 358
male residents of Calcutta, India, ranging in age from 17 to 83
years, Twenty-cight variables were measured for each subject:
physical variables of age, height, and weight; chemical variables
for blood or serum, specifically, glucose, chlorides, urea, creatinine,
calcium, uric acid, inorganic phosphorus, thymol-turbidity, bili-
rubin, total cholesterol, cholesterol ester, and free cholesterol
hematological variables, including hemoglobin, mean corpuscular
hemoglobin, mean corpuscular hemoglobin concentration, erythro-
cytes, leukocytes, neutrophils, lymphocytes, eosinophils, sedimen-
tation rate, and volume of packed erythrocytes; and circulatory
system variables of pulse rate and systolic and diastolic pressure.
For each of the chemical, hematological, and circulatory system
variables, mean, standard deviation, and normal range have been
computed. Multiple regression analysis of the contribution of age,
height, and weight to each of these variables has been carried out.
Values of the following variables increased significantly with age:
glucose, chlorides, calcium, neutrophils, sedimentation rate, pulse
rate, systolic pressure and diastolic pressure. A significant decrease
was observed for the following variables when age increased:
erythrocytes, lymphocytes, eosinophils, and volume of packed
erythrocytes. Increased weight was associated with a significant
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increase in thymol-turbidity, total cholesterol, cholesterol ester,
free cholesterol, systolic pressure, and diastolic pressure. Expected
values of these variables at different ages, heights, and weights are
presented, as are observed and expected values for subjects from 20
to 69 years of age.

Lusammenfassung
Bel 358 Minnern aus &Icutn, lm‘l.lm, im Alter von 17-83 Jahren wurden Blut-
gemacht. Die folgend gen wurden bei allen Versuchspersonen

d 1 fuhrt, Physikalische Messungen: Alter, GroBe und Gewicht. Biochemische Mes-
.um im Blut odu Semm Glueose, Chlondc Hamnstoff, Kreatinin, Calcium, Ham-
ﬂure. g Ph Thy g Blhrubm, Totalcholesterol, Cho-
| freies Chol T Ingische B Hl globi Hlmo-
globingehalt pro Erythrozy, Erythrozyten, Leukoryten, Neutrophile, Lymphosy
Trinolet  Cark hwindigkeit, H PPN Herz..
q y und diastolischer Blutdruck. Fir die biochemischen, die hZmato-
ligischen und die Zirkulati wurden die Mittel dic Standardabwei.
chung und die § berechnet. Die 2 hiinge von Allcr, GrdBe und Gewicht
mait den obigen Daten wurden mittels multipler R i hnet. Folgende
Mu:ungm :rgaben im A.lm :mdcuhg hbbcre Werte: Glucou, Chloride, Calcmm,
her und diastoli
Blutdruck. Eine deutliche Ahmhme der che wu.rde bei folgenden Meuungm
beobachtet: Eryth Bei Gewichts
anstieg waren die che du Thymolu'ﬁb\mpusm erhéht sowie das Totalcholesterol,
die Chol 1 das freie Chol 1, der lische und der diastolische Blutdruck
Die gefund Werte der Messungen bei hied Alter, Grofe und Gewicht
stimmen fiir die Versuchspersonen von 20-69 Jahren mit den erwarteten Qibercin.

Heah,

Résumé

Les Eristi biochimi ines de 358 hommes de Calcutta d’dge
variant de 17 i&!mon(ﬂtémdaéuparl’mmm 28 variables ont été mesurées sur
chaque sujet: caractéristiques phynq\m, dge, mﬂcﬂ poids; unct&unquu chimiques

du sang et du sérum et en parti glucose, urée, inine, caleium, acide
urique, phosphore inorganique, test au lhymol, blhrubme, cholestérol total, cholestérol
estérifié, et cholestérot libre; des variabl teneur moy des globules
en hémoglobine, nombre de globules rouges, de globules blancs, de polynucléaires neu-
phil d: lymph et d’éosinophiles, vitesse de sédi ion et volume des éry-

h éa; et des variables circulatoires, enfin, telle que la fréquence cardiaque
etla prmon éricll lique et diastolique. Dans chaque cas on a calculé la valeur

moyenne, I'écart type et la vnleun mnbma observées. En utilisant la technique de
'analyse des régreasions multiples, on & étudié P'effet de I'Age, de Ia taille et du poids sur
chacun des caractéres érudids. Une augmentation statistiquement significative avec I'4ge
2 &é notée dans le cas de 1a glycémie, de la teneur du sang en chlorures et en calcium,
du nombre de polynucléaires ncuuoph!la, d: h vneue de ;édxmauuon, de ll fréquence

cardiaque, et de la pression lique et Au une d ion avec
P'dge a &€ notée dam le cas du nombm da globulu rouga, des lymphocytes, des éosi-
nophiles et du volume des éry jon de poids 4 I'dge

constant va de pair avec une élévman dela mrhldl(é au thymol, du taux de cholestérol
total, estérifié et libre, ainsi que de Ia pression artérielle. Les valeurs de ces différentes
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variables aux différents 4ges, aux différentes tailles et sux différents poids sont données,
ainai que les valeurs observées et calculées dans ('intervalle d'dge allant de 20 A 69 ans.
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