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SlUDmary: Daily urinary creatinine excretion and creatinine coefficient of eighty-four healthy
medical students have been studied for three consecutive days. Daily creatinine excretion has been
observed to be higher in the male subjects compared to the female counterparts. Creatinine excretion
has been observed to be dependent on body weight of the subjects. The variability from subject to
subject was higher than observed by most other workers. Day to day consistency within the same subject
was rather low.

Creatinine coefficient was computed per kg of body weight as well as per kg of lean body
weight. In both the cases, it has been found to be higher in the males than in the females.

Though an important factor, yet body weight of a subject alone could not explain satisfactorily
wide variability of creatinine excretion in the present study. The possible influencing factors have been
discussed alongwith clinical implications.
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INTRODUCTION

Creatinine is an endogenous nitrogenous waste product of protein catabolism and is
excreted mainly through urine and to some extent in sweat. Creatine occurs only in small
amounts in the urine of normal adults. It is present, alongwith creatinine, during the process
of growth, and it decreases to very Iow values as maturity is approached. Creatinuria is
found in fevers, starvation, on a carbohydrate free diet and in diabetes mellitus . Its presence
may be the result of excessive tissue destruction and liberation of creatine, or failure under
these conditions to keep the creatine properly phosphorylated, permitting the free creatine to
diffuse from the tissues into the blood.

Excessive amounts of creatine may be excreted in the urine of patients with muscular
dystrophy or hyperthyroidism. Its concentration in blood of healthy individuals remains at
fairly constant level i.e., from 1-2 mg per 100 ml. Daily creatinine excretion of a normal adult
has also been stated to be fairly constant within a narrow range of 1-1.8 gjday (12) in Western
literature. However, a number of studies on Indian subjects on this aspect have observed
a comparatively much lower values (11,18,1,15,3).
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The present study has been undertaken with the aim to establish creatinine excretion
creatinine coefficient values in healthy young adults. This may be of value when creatinine
etion is being used as a check for completeness of 24 hrs urine volume in Indians.

MATERIALS AND METHODS

Eighty four (64 males and 20 females) volunteer healthy students of B.R.D. Medical
liege,Gorakhpur, in the age group of 17-24 years served as the subjects of the present study.
is accounts for 25 % of the total strength of the students in the college. A sample size of

84 means, in this case, a sampling error of 5.8 % which is not too much in this kind of study.
The selected students were thoroughly clinically checked up and were found completely fit.
,we have no reason to believe that the population of the students is selective with respect to the
variables of this study.

Twenty-four hrs urine collections were made for three consecutive days with formal-
dehyde as a preservative, All the precautions (24) like emptying the bladder before starting
the experiment and collection of the urine passed in 24 hrs into one container, were per-
sonally explained to each subject and were strictly observed. During the period of the
study, the participants continued with daily routine work but did not participate in any exer-
tional activity like games, sports and exercises.

The study was carried out in the last week of February. All the subjects were hostellers
andconsumed identical vegetarian diet during 3 days of the study. The students had liberty
to take fluid as much as they liked during this period. This provided a natural variation in
fluid intake.

As per records of the local Metereological Observatory Office, the mean temperature
during three days of study was 18.2°C (range 14.2 to 23.5) and the relative humidity was 67%
(range 60-78).

Daily urinary creatinine excretion was estimated by the micro method of Folin (12,19).
All the chemicals used were of G.R. (S. Merck) grade.

Unless otherwise specified, all the calculations for the following presentation are based
on the average of the 3 days of observation for each subject.

RESULTS AND OBSERVATIONS

Fluid intake and urine output of the subjects are shown in Table 1. Male subjects
had an average daily fluid consumption of 2125 ml compared to 1550 m/ in the females. The
difference in the two sexes was statistically significant as shown in the Table. Similarly,
urineoutput also was different in two sexes with males having significantly higher output
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(Table I). Urine output tended to be higher in the subjects consuming more fluid. The correl-
ation coefficient, shown in Table H, was 0.66 and is statistically highly significant (P < 0.(01).

TABLE I: Daily average fluid intake and urinary output in male and female subjects.

Sex
Fluid volume (ml)

t-ualue Signi-Mean
-c 1000 1000-1999 2000-2999 3000-3999 ±S.D. ficance

Nil 43.75% 46.88% 9.37% 2125 ) Highly
(28) (30) ( 6) ±583 ) Signi-

) 5.43 ficant
Nil 90.00% 10.00% Nil 1550 )

(18) (2) ±343 ) P<O.OOI

Fluid intake
per day
Males
(64)

Females
(20)

Urine out/JIlt
per day

Males
(64)

21.87% 62.50% 15.63% Nil 1413 ) Hightly
(14) (40) (10) ±453 ) signi-

) 2.98 ficant
50.00% 50.00% Nil Nil 1117 )

(10) (10) ±363 ) P<O.OI
Females
(20)

Note: In parentheses are the number of the subjects.

TABLE 11: Correlation coefficients and their significance.

Correlation t-ualue Significance
Variables coefficien t

Fluid intake and urine output 0.66 7.89 Highly significant
P<.O.OOl

Creatinine excretion and body weight 0.34 3.26 Highly significant
P<O.Ol

Creatinine excretion and lean body weight 0.17 1.56 Not significant
P>0.05

Creatinine excretion was studied with respect to the body weight as well as the lean body
weight (4). The point specifically investigated was day to day consistency of creatinine excre-
tion. The latter was computed per kg of body weight as well as per kg of lean body weight.

Daily creatinine excretion showed a variation from 0.38 to 1.79 glday, The average was
hi~_her in the males than in the females (Table Ill). The difference was statistically significant
(p<0.001). It is remarkable that all the female subjects except one had daily creatinine excretion
value below 1 g/day while, out of 64 male subjects, only 3 had creatinine excretion below
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,day. The correlation coefficient between creatinine excretion and body weight was Q. 34
able II). This also is statistically significant. The average creatinine excretion in the subjects
·thdifferent body weight (also lean body weight) is also shown in Table Ill. A trend of higher

tinine excretion in the individuals with higher body weight is exhibited in the Table also.
Against this, the correlation coefficient between creatinine excretion and lean body weight

able Il) was o nly O. 17 which is not significant (P » 0.05). Thus, creatinine excretion seems to
berelated to the body weight but not to the lean body weight.

t-oalue Signi-
ficance

) Highly
) Signi-
) 5.43 fican t
)

) P<O.OOI

TABLE Ill: Average creatinine excretion in individuals with different body weights.

Body weight Lean body weight

Male Female Male Female

Number Average Number Average Number Average Number Average

4 0.85
I 0.60 :2 1.08 9 0.82
5 0.81 35 I.22 5 0.68
5 0.59 23 1.29 2 0.73
4 0.80 4 1.28
I 0.84
4 0.99

) Hightly
) sign i-
) 2.98 ficant
)
) P<O.OI

2 1.23
27 I.19
25 1.27
6 I.10
2 1.05

2 1. 70

64 1.24 0.78

±0.24

64 1.24 20 0.78

±0.22 ±0.24

7.67 (P<O.OOI)

64 27.94 20 21.07
±5.02 ±7.02

4.07 (P < 0.00 I)

ce,

ificance 20

±0.22

7.67 (p<0.001)y significant
.001
y significant

.01
significant
.05

24.45
±4.01

6.68 (P<O.OOI)

'For differencebetween males and females.well as the lean body
of creatinine excre-

lean body weight.

y. The average wa
statistically significan
y creatinine excretion
inine excretion below

P.verage creatinine coefficient was 24.45 »sl)« of body weight in the males and 16.23
in the females (Table HO. The difference again is statistically significant (P<O.OOl). On the
basisof lean body weight, the a.verage creatinine coefficients were 27.94 and 21.07 in the males
and females respectively. These two also are statistically significant (P<O.05).

To investigate day to day consistency of creatinine excretion, the range observed in the
samesubject over a period of 3 days was divided by the 3 days' average for that subject. This
us expi essed in terms of percentage and the inverse of the value so obtained (inverse of 100
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Range/Mean) is considered as a measure of consistency. The measure 100 Range/Mean is like
coefficient of variation and its inverse measures consistency. Distribution of this measure in the
two sexes is shown in Table IV for creatinine excretion. Since measured on the same individual,
note that the consistency would be the same for creatinine coefficient also. The average "inverse
consistencies" in terms of (100 Range/Mean) are shown in the last row of Table IV. It can be
remarked that the consistency is higher in the males than in the females.

TABLE IV: Day to day consistency (100 Range/Mean) of creatinine excretion.

100 Range/Mean
Male Female

0.00-0.99
1.00-1. 99

2.00-2.99

3.00-3.99
4.00-4.99
5.00-5.99
6.00-6.99

7.00-7.99
8.00-8.99
9.00-9.99

10.00-10.99
I!. 00-11. 99

4
15

14

13
6
7
5

I
3

2

2
3
3

2
2

2

64 20Total

3.02 5.58Average

DISCUSSIO

Fluid intake of an individual primarily depends upon the working habits, the climatic
conditions, body weight and certain other factors. Indian climate shows wide diversity which is
not exhibited by the Western environment. In our subjects, the fluid intake varied from 1100 to
3300 ml with male consuming significantly more fluid. Similarly, the urinary output in our
subjects also revealed wide variations (720 to 2~OOml) with females having lesser urinary output.
The subjects taking higher fluid generally passed greater amount of urine. A correlation cceffi-
cient of 0.66 is substantial. The daily urinary output observed in the present study is in con-
formity with other Indian workers from other places (Table V).

Several Indian authors have drawn attention to the lower urinary creatinine excretion in
Indian subjects compared to Westeren standards i. e., 0.4-1.8 glday (23),1.0-1.8 glday (12)
and I .2- 1.7 glday (21). The values as low as 0.44-0.55 g,'drIy have been reported by Marya et
al. (I J), Uma Shanar et al. (18) and Srivastava et al. (15). In our study dai ly, crcati nine excretion
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T AlILE V: Urine volume reported by different workers.

Mean urine volume (ml)
Place of study Weather/Month

Males Females Both sexes

Calcutta * * 1177 *
Calcutta * * 1700 *
Bombay • * 1175 *
New-Delhi * 970 l * May

935 August
1800 January t

New Delhi * 391 i Hot dry
900 * Hot humid
998 Cold

Bombay 1550 1745 1568**· *

±576.9 ±206.2 ±555.3
Lahore Less than 1000 ml, in 50 % subjects Late winter

and early
spring

Gorakhpur 1850 1550 1790·"· November

±880 ±840 ±868

study Gorakhpur 1413 1117 1342*** February

±458 ±363 ±421

lCrelion.

Female

1
3
2

2
3
3

2
2

2

Not reported
For elderly persons only
Highly biassed towards males because of disproportionately large number of male subjects.

5.58

iabits, the climatic
~diversity which'
aried from 1100 to
ary output in our
ser urinary output.
correlation cceffi-

t study is in

per day has been 0.38to1.79gwitha mean value of. 1. 13±0.30 glday for both the sexes com-
bined.However, the creatinine excretion in females was 0.78±0.24 glday (range 0.38-1.24 g),
a value significantly lower (P <0.00 I) as compared to amounts excreted in male students with a
meanvalue of 1.24 g±0.22 (range 0.89-1.79 g). Our observations in this regard are some-what.
differentthan other Indian workers as shown in Table VI. For example, the ranges reported by
Maryaet al. (11) and Pathak and Joshi (13) are narrow relative to the range obtained in our study.
Our range, though, agrees with Wootton (23), it is towards lower side than reported by other
Westernworkers (12,21). Low creatinine excretion values observed in Indians have been stated
tobedue to their less body weight. Sha 'fer (16) has revealed that creatini ne excretion in the urine
isvery constant for a healthy individual-even to the extent that this excretion may suffice to
checkthe accuracy of 24-hour urine collections. Vestergaard and Leverett (20), however, have
shownthis accuracy to hold only for a proportion of the 18 normal individuals they studied. The
constancy was so poor in some of these individuals that these investigators stated that creatinine
shouldnot be used to check completeness of urine collection in short experimental periods unless

inine excretion in
.0-1.8 glday (12)
ntcd by M arya et
rcatinine excretion
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a preliminary investigation of variability is undertaken. This may be an important responsible
factor but it seems to be partly true as can be seen from the Fig. 1, which does show, body weight
and creatinine excretion correlation but with an appreciable scatter. The positive correlation is
statistically significant.

McClugage and associate (10) have found the daily creatinine excretion of obese persons
to be low in relation to weight, but normal in relation to their ideal weight. Upon weight reduc-
tion through dietary control the creatinine excretion remained constant. Under weight persons
were found to have abnormally low creatinine coefficients.

•
The creatinine coefficient represents the milligrams of creatinine per kilogram of body

weight excreted daily. This is stated to be a more accurate index as it takes into account weight
factor also. The creatinine coefficient normally averages 19-30 (12), 18-32 in men (22), 10-25in
women (22), 20-26 for men (21,16,2),14-22 for women (21, 7, 2). In our study, male subjects had
significantly higher creatinine coefficient as compared to females. Similar observations have also
been made by other workers (Table VI).

The same is true for creatinine coefficient when computed on the basis of lean body weight.
The range of creatinine coefficient in our study is from 7 .84 to 37.26. This is wider than observed

TABLE VI: Creatinine excretion (g/24 hrs) and creatinine coefficient (mg/kg) reported by different workers.

Creatinine excretion

Author Males Females

Range Mean Range Mean

Marya et al. (11) 0.56-1.61 * 0-49-0.99 *
(19.29) (13.97)

Uma Shankar et al. (18) * * 0.44-0.85 *
(16.00)

Ahujaetal. (I) * * * 0.77 in January
1.01 in May

Butany et af. (3) * * 0.55-1.07 0.811 in hot dry
(11.6-24.7) and 0.814 in cold weather

Pathak and Joshi (13)** 0.91-1.11 1.08 0.75-0.95 0.88
(18) (16)

Present study 0.89-1.79 1.24 0.38-1.24 0.78
(15.64-37.26) (24.45) (7.84-24.36) (16.23)

{l7.91-38.3J} {27.94} {JO.66-34.40} {21.07}

Note: In parentheses are creatinine coefficients per kilogram of body weight and in
braces are creatinine coefficients per kg of lean body weight.

* Not reported
** For elderly persons only
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byButanyet al. (3) for Indian subjects. Also, wider than those reported for Western subjects
2,7,12,16,21,22).

Hodgson and Lewis (8) consider the difference in creatinine coefficients of males and fe-
malesto be related to the differences in muscular development rather than sex differences since
they found women with unusual muscular development to have creatinine coefficients compara-
blewith those of males.

It is possible that lower creatinine coefficient in our study may be due to less muscular
developmentand obesity especially in female subjects of our series.

These observations regarding lower value of creatinine coefficient in females give stronger
evidencethat weight alone is not solely responsible for the lower creatinine excretion values.
Moreover,in Fig. I there is appreciable scatter around the mean value for mean creatinine ex-

1.6

o MALE.S
• F£MALE3

o
o
o

o
o o
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Fig. I: Effect of body weight on urinary creatinine exeretion.
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cretion and creatinine coefficient (in both sexes) which indirectly implies presence of some factors
other than weight alone, which should explain the lower rate of the creatinine excretion in Indian
subjects in general and should also be able to explain significant lower creatinine excretions

in females in particular.
The variations may be due to variation in physical activity which is especially true for

female subjects who have comparatively sedantary activity. Dietary variations and predomi-
nant vegetarian diet of Indians may be another explanation.
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