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Summary: The lung transfer factor (T1) was measured by the single breath holding CO
technique in 147 apparently healthy males and 88 females of 35-70 years of age, belonging to
similar middle class of socio-economic and nutritional status. They were non-smokers, non

alcoholics and had no cardia-respiratory prcblems at the time of study. The male subjects
with average age of 46.9 years, weight 63.9 Kgs, Height 168.9 ems, surface area 1.73 m',

Hb 12.7 gm% had TI 29.41 ±1.78 mlColminlmmHg whereas female subjects with average
age of 45-60 years, with Wt 63.2 Kgs, Ht. 155.5 ems, Surface area 1.57 m2

, Hb 10.88%
had TI 22.49±1.28 mlColminlmmHg. Simple and multiple regression equation for age, Ht,

Hb were worked out and t heir correlation with TI discussed.
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INTRODUCTION
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Ventilatory functions of the lungs show wide variation in people having similar
s~cioeconomic environment but belonging to different ethnic status. The lung transfer
factor (Tl) which reflects the adequacy of the diffusion process also seems to
show physiological variation with age, sex, body size and nutritional status (2. 9,
11, 13, 17). The relationship of TI with age seems to be controversial. both negative

and no correlation has been reported (1.4,14,16). The two determinents of TI i.e.
alveolar capillary blood flow and the diffusing capacity of alveolar membrane, also
show variation with posture, exercise, sym pathetic tone, hypoxia and haemoglobin
levels (5.6.12). The latter seems to affect reaction 'time involved in chemical binding

of CO or Oxygen thus also affecting TI (18) .• The effect is so marked that some
workers (6,8) have worked out simple and multiple regression relationship of Tl with Hb

in severely anaemic patients and predicted their TI. Similar studies predicting normal
values of TI at different age group having varying Hb level in Indian population are lacking.
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We have earlier reported lung function indices including TI and other diffusion parameters
in young healthy subjects (11.22). The present study covers our observation in the middle
aged and elderly subjects. belonging to similar socio-economic. anthropometric and
nutritional status but showing TI variations due to age. sex and Hb levels in blood.

Regression equations have been obtained for relating T! values with Hb levels in males
and females.

MATERIAL AND METHODS

The present invesigation was carried out on 88 female and 147 male elderly adult

subjects in the age range of 35-70 years belonging to middle class socio-economic status

and residing in Delhi area. All of them were apparently healthy non-smokers, non
alcoholic and had no history of respiratory allergy. Prior to testing, the subject was asked

to relax for about 15 minutes. They lIVere examined clinically so that they were free from
any cardio-respiratory disorders. The subjects were explained the whole procedure and
assured of test being painless and not causing any short or long term unpleasant effect
on the body. Anthropometric measurements included height, weight and skinfold thickness

from triceps and subscapular region with UNA caliper. Haemoglobin was measured with
Sahli's method. Indices of lung function included alveolar volume (VA), Transfer Factor
(TI) and KCO. All these indices were measured with the help of Morgan's Transfer
Model 'C' spirometer connected with Spiro Data Dec. To measure transfer factor, subject
was seated in upright position and connected through mouth (nose closed) to valve box

containing expiratory (empty) and Inspiratory bag (filled with a mixture ot He. Co and 02
having concentration of 0.283%. 14.13%, 18.0% respectively and remainder N2 gas)

InitiallY subject breathed air for 2 minutes and then he was instructed to inhale the mixture
of gases from inspiratory bag. Then he was asked to hold the breath for 9 seconds and

finally expire it fully into the expiratory bag. The expired gas mixture was analysed on

He. CO and 02 analysers which were already calibrated before testing. Similarly the

inspired mixture was analysed. All the concentrations displayed on the analysers were
entered into spirodata dec alongwith age, height barometeric pressure and room tempera
ture and TI was normalised to a standard Hb value and computed at standard normal
condition of temperature and pressure. Print out obtained from the Spirodata dec after
computation showed the measurements of VA, KCO and TI.

RESULTS

Table I shows physical parameters of age, height, weight, surface area, calorie intake,

haemoglobin concentration and pulmonary diffusion indices like VA. KCD. TI in middle
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aged and elderly males and females. As can be made out from the table except for

weight, KCO, calorie intake all other parameters are statistically significant in both sexes.

TABLE I: Showing physical parameters and pulmonary diffusion indices in male and female subjects.

Male Females P value
Variable Mean±S.E. Mean±S.E. S if L.05 leve!

n=147 n=88
------ ----~---

Age (yrs) 46.90±0.68 45.62±086 S
Height (cm) 168.76±0.91 155.59±0.67 S

Weight (kg) 63.92±3.27 63.28±1.94 NS

Surface area (M2) 1.73±0.02 1.57±0.012 S
Skinfold thickness (mm) 22.63±0.80 32.78±1.00 S

Calorie intake (K.Cal/day) 1935.98±51.47 1867.03±155.17 NS

Haemoglobin (gm%) 12.73±0.11 10.88±0.13 S
VA (L) 5.74±0.11 4.21 ±0.13 S

TI (MICOlmin/mmHg) 29.41 ±1.78 22.49±1.28 S
KCO (Min·' TORR·') 5.22±0.28 5.08±0.32 NS

Table 1\ shows the physical parameters, calorie intake and Hb levels. The subjects
were divided on the basis of Hb levels in blood into control, with normal Hb and test
subjects with r-educed Hb. The anthropometric parameters were similar in both groups
of subjects.

TABLE II: Showing physical characteristics. in control and test subjects (with reduced Hb).

Males Females
Physical Control Mean±SE Control Mean±S.E.

characteristics n= 114 (Range) n=52 (Range)
Test subjects Test subjects

n=33 n=36

Age (yrs) 46.15±0.58 44.57±1.32 45.61±1.35 44.3±1.3
(35-68) (36-64) (35-65) (35-60)

Height (cms) 167.46±0.63 167.6±1.13 156.08±1.14 157.33±0.98
(150-182) (157 -179) (142-172) (146-169)

Surface area (m2 ) 1.73±0.01 1.73±0.01 1.57±0.01 1.59±0.02
1.38-2.05} 1.59-1.87) (1.37-1.72) (1.28-1.91 )

Calorie intake 1927.2±46.02 1918.82±111..48 1568.33±49.38 1607.63±76.69
(K. Call day) (1150-3450) (1940-2855) (819-2663) (910-2650)
Haemoglobin (gm%) 13.33±0.1 * 10.8±0.13* 11.75±0.1* 9.66±0.12*

(12-16.5) (8.5-11.0) (11-14) (8-10.7)

*pL .05 when compared to controls.
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Table III shows distribution of various parameters and the lung diffusion indices on
the basis of Hb levels in blood in these subjects. The test subjects with mean Hb con
centration 10.80±0.13 gm% in males and 9.66±0.12 gm% in females were anaemic as
compared to control subjects with mean haemoglobin levels of 13.33±0.1 0 gm % in males
and 11.75±0.1 0 gm% in females. The transfer factor (TI) demonstrated significant fall

in anaemic subjects of both sexes (Table III). In anaemic males the mean value of TI
was 27.22±1.46 ml/mmHg/min as compared to 31.60±2.10 in control subjects. Similar
trend was seen in female test subjects with mean value of TI 21.76±1.27 mljmmHgjmin
and 23.23±1.30 in control subjects.

TABLE III: Correlation of Hb level with transfer factor. VA and FVC in elderly men and women.

Lung parameters Males Females

Test subjects Control
Hb='-O.8±.13 gm% Hb=13.3±1.6'7~

n=33 n=114

Test subjects
Hb=9.6± .126%

n=36

Control
H-:":b----:1;--,1-=.75 ± .16%

n=52

Forcnd vital capacity
(FVC) (L) M±S.E. 3.25±O.11 3.24 2.22±O.O7 2.24±O.O6

Alveolar volume (VA) 5.60±O.22 5.97±O.24* 4.47±O.31 4.23±O.20·

M±S.E.

Transfer Factor (TI) 27;22±1.46 31 .60±2.1 O· 21.76±1.27 23.23±1.30·

rnl/min/mmHg
M±S.E.

TI/VA/KCO
(min_' TORR-') 5.15±O.29 5.30±O.27 5.05±O.39 5.11±O.25

M±S.E.

• Significant P values L.05

Table IV shows the comparison of a single and multiple regression equations of TI in
both sexes in relation to Hb. Ht. sex. As can be made out R square value for the equa
tion ware 0.114 and 0.074 in males and females respectively showing the statistical
significance.
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TABLE IV: Comparison of single and multiple regression equations of TI in male and female arlults.

Type of equation

Male subjects

Regression equation R. square value

Female subjects

Regression equation R.square value

Simble Hb

Multiple· age

Ht

Hb

TL=0.3+26.31

TL=0.08

+0.41

-.0015

0.043

0.114

DISCUSSION

TL=1.160+9.57

TL=0.005

+0.07

-1.14

0.068

0074

The mean values for physical parameters like age. wegiht. height. surface area show

sex linked variations in our subjects. Most of these values except for weight were

significantly lower in female subjects (Table I). The weight of females was comparable
to males. This could be due to the fact that most of our female. subjects were post men
opausal or nearing menopause and as such they tend to increase weight. The increase

in skinfold thickness could also be explained on the same basis. Due to hormonal

changes at climacteric. females tend to become obese and overweighed. However. the
Hb stays at a lower level in females of middle aged group despite the fact that calorie

intake does not show significant difference from males (Table I). This may be sex related

also. The average values of VA and TI in our female subjects are significantly less than

those in males. We have already reported sex linked differences in our younger subjects
of age group 18-26 years (22). Our TI values in the elderly subjects (avarage dge

46.9 for males and 45.6 females) are on a lower side than what we reported in younger

subjects. This could be due to effect of ageing as it is well known that lung function is

affected by age even in healthy individuals. These changes in lung function reflect
growth and development in children. further maturation in young adults and finally decline

with senscence in ageing adults (3).

Table II shows that even our anaemic test subjects had similar physical characteris

tics including calorie intake. as compared to control ones but TI in subjects having low
Hb values is significantly lower than control group having normal Hb level (Table III). As

such the normal values of Hb in control group i. e. 13.3±. 166% for males and 11.7±
.166% for females are lower than those reported in western subjects of similar age group
(6.7,19) but these Hb levels are weil within average values worked out for elderly Indians

(15,21). The corresponding TI values for control males are 31.6±2.1 and females 23.2±

1.3 mlCOlminlmmHg which are also lower than those reported in western population (7).
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This could be due to ethnic differences between western and Indian population (5).
However, with slight decrease in Hb levels as in our test subjects, significant decrease in
TI occurs. Decrease in TI has also been reported in severely anaemic patients (11,20.21).
Therefore, our observations suggest that TI is affected even with slight change in the Hb
level. This could not be due to variables like Ht, Wt or surface area. as all of our test
and control subjects were having similar anthopometric parameters (Table II), So this
variation in TI would be Hb dependent as also suggested by Roughton and Forster (20).
Cotes et al. (5) have suggested that in anaemia low values of DM could be compensated
by high values for Vc, but even then TI values remain below normal. This could be due
to reduced reaction time (8) with Hb in anaemia (6,10). The uptake is further slowed
down due to decrease in reaction rate brought about by raised capillary oxygen tension

in anaemic patients. As oxygen competes with CO for intracellular haemoglobin it
lowers the chemical reaction (18). Therefore. keeping in view the finding that Hb con
centration affected TI, various workers have applied correction factors for TI in anaemic
patients (7,9). The correction factors differ with the workers. Dinikara et al. (8) predic
ted TI of 13.8 mlCOlminlmmHg at 8.6 Hb level. Whereas for the same Hb concentration
in blood. keeping in view the simple and multiple relationship of TI with Hb, age and
height, Mohsenifar et al. (14) predicted TI of 18.2 ml and Roughton and Forster (21)
18.56 mICO/min/mmHg. We can not come out with exact correlation factor to predict TI
at different level of Hb for general validation as our study was primarily working out
trend of correlation of TI in a group of middle aged anaemic subjects. Elaborate studies
involving a number of different grades of anaemic subjects are needed to work out precise
correction. Such studies are in progress.

However. present study has shown significant correlation of TI with Hb levels as
revealed by simple and multiple regression aquations (Table IV). Further to this. there
exists positive correlation of TI with height but with age it seems to be negative one.
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