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ABSTRACT: One hundred and seventy-seven hospital patients whose ages ranged
from 20 to 80 years were studied to determine whether or not there are any changes
in arterial oxygen tension (during the breathing of room air) in relation to age. The
findings indicated that there is an inverse correlation between age and arterial
oxygen tension. This may be of great clinical significance since anoxemia has a
pronounced effect on the central nervous system, the cardiopulmonary system, and
many aspects of the preoperative and postoperative status of surgical patients. The
present concept that normal arterial oxygen tension is 100 mm Hg, regardless of age,
may have to be altered.

In previous studies on normal arterial oxygen
tension, most of the subjects have been in the
younger age groups. In the study presented
here, arterial oxygen tension was determined in
hospital subjects of a broad age spectrum; one
third of them were in the 61-80 age group.

Physiology textbooks state that normal
arterial oxygen tension is 100 mm Hg when the
subject is breathing room air. Lambertson (1),
however, gives a value of 95 mm Hg. Raine and
Bishop (2) have emphasized two modifying
factors, i. e., age and the position of the
subject. In subjects younger than 40, the mean
arterial oxygen tension (Pa02) was 97.6 mm
Hg in the sitting position and 95.3 mm in the
supine position; in those older than 40, the
Pa02 was 90.0 mm in the sitting position and
88.2 mm while prone. Stephen and Talton (3)
found that the arterial oxygen tension in 14
patients lying supine in the ward awaiting
elective surgery averaged 80.4 mm Hg. The
values ranged between 100 mm in a 28-year-old
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patient and 57.5 mm in a 68-year-old patient.
The average age for the group was 47.3 years,
with a range of 28-68 years.

In the selection of patients for our study,
emphasis was placed on covering: 1) a wide
range of age, and 2) a representative cross
section of the population, including smokers.

MATERIAL AND METHODS

Arterial oxygen tension (Pa02) was deter
mined in 177 subjects (93 males and 84
females) whose ages ranged between 20 and 80
years. Carefully excluded from the study were
postoperative patients, patients in the coro
nary-care unit, and those in a state of
respiratory acidosis or alkalosis. All the in
vestigations were made while the subjects were
breathing room air.

Blood samples were drawn in a heparinized
tube and analyzed immediately for P02 , PC02
and pH. Measurements of arterial oxygen
tension (Pa02) were made with the use of a
Clark polyethylene-covered electrode, and
those of oxygen saturation (Sa02 ) with the aid
of the Henderson-Hasselbalch equation. PC02
was determined according to the Siggaard
Andersen nomogram. The pH was measured
immediately after blood collection, with use of
a gas electrode. Corrections were made for
body temperature.
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Measurements of alveolar carbon dioxide
tension (PAC02 ) were made with a CO2 meter,
on end-expired and/or rebreathing gas samples.
The physiological dead space (VOml) was
calculated according to the Bohr formula;
PaC02 was substituted for PAC02 . Ventilatory
measurements were made with a 13.5-liter
Collins spirometer (drum speed 2.8 and 16
mm/second), The residual volume, total lung
capacity, and the ratio of residual volume to
total lung capacity were determined with a
closed-circuit Cambridge helium apparatus. The
ventilatory studies were a part of a long-term
investigation.

Fig. 1. Arterial oxygen tension in relation to age in
93 adult male subjects. The black dots represent single
estimations of arterial oxygen tension; the circles
represent predicted values; and the triangles represent
the points at which predicted and experimental values
coincide. The regression line and the formula from
which it was derived are shown.

Fig. 2. Arterial oxygen tension in relation to age in
84 adult female subjects. The black dots represent
single estimations of arterial oxygen; the circles
represent predicted values; and the triangles represent
the points at which predicted and experimental values
coincide. The regression line and the formula from
which it was derived are shown.

cance is noted between age and arterial oxygen
tension among the females. Figure 3 shows this
relationship in the total sample of 177 patients
and is described by the equation
PaC02 = 90.74 - 0.119 (age) with a standard
deviation of 10.7 mm Hg. Here also the slope
of the line is significantly different from zero,
indicating a dependency of age upon the level
of arterial oxygen tension. In addition, the
failure to demonstrate a significant inverse
correlation between age and Pa02 in males

Pae" =92.39-0.137 x age
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Pa0 2 Standard
No. of Mean Deviation

Age Group Obs. (mm Hg) (mm Hg)

20-30 29 89.6 10.1
31-40 30 84.0 13.0
41-50 30 84.7 8.3
51-60 29 83.6 9.8
61-70 29 84.1 10.8
71-80 30 82.8 11.7

RESULTS

For the total of 177 single PaC02 determina
tions, the grand mean value was 84.8 mm Hg.
As shown in Table 1, the patients were
classified according to consecutive age decades
ranging from 20-30 to 71-80. Each decade was
represented by about 30 subjects. The Pa02
values ranged from a high of 89.6 mm Hg in
the youngest group (20-30 years) to a low of
82.8 mm in the oldest group (71-80 years).
There was a marked similarity of Pa02 values
in the intermediate groups, with a mean of
about 84 mm Hg.

To determine whether or not a causal
relationship existed between arterial oxygen
tension and age, 3 regression equations were
calculated. The first of these (Fig. 1) tests the
relationship between PaC02 and age in the 93
males and is described by the equation
PaC02 = 88.36 - 0.087 (age) with a standard
deviation of 10.8 mm Hg. Statistical signifi
cance was not indicated. Figure 2 shows the
relationship between PaC02 and age in the 84
females and is defined by the equation
PaC02 = 92.39 - 0.137 (age) with a standard
deviation of 10 mm Hg. Since the slope of this
line is statistically different from zero, signifi-

TABLE 1
PaD 2 Mean Values ± 3D for 6 Consecutive Age

Groups (Total, 177 Patients)
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TABLE 4
Differences between the Variance of PaD, for the

71-80 Age Group and the Variances
for the Younger Age Groups

TABLE 3
Differences between the Mean PaD, for the 20-30

Age Group and the Mean for Each Successive
Age Group

* Significance at 5%.

Age Groups

TABLE 2
Differences between the Mean PaD, for the 71-80

Age Group and the Means for the Younger
Age Groups

DISCUSSION

20-30 31-40 41-50 51-60 61-70

Age Groups

No significances at 5% were noted.

The average values and range for arterial
oxygen tension reported here are in agreement
with most of those reported in extensive
published studies (Table 6). The lower values
for the older age groups and the magnitude of
our standard deviation can be explained by the
inclusion of a large sample of hospital in
patients, in contrast to the carefully selected
clinical material in the other studies.

The causes for the decrease in P02 in the
elderly can be attributed to: 1) venoarterial
shunt, 2) diffusion gradient, and 3) unequal
distribution. With advancing age, lung volumes
decrease (12, 17), lung compliance diminishes
(13), the distribution of ventilation becomes
less even (14), the diffusing capacity of the
lung decreases (15,16), the ratio of physiologi
cal dead space to tidal volume is slightly greater
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tion. Tables 4 and 5 give the results of these
analyses.

Fig. 3. Arterial oxygen tension in relation to age in
177 adults. The black dots represent single estimations
of arterial oxygen tension; the circles represent
predicted values; and the triangles represent the points
at which predicted and experimental values coincide.
The regression line and formula from which it was
derived are shown.

(Fig. 1), while demonstrating it in females (Fig.
2), indicates an innate physiological difference
between the sexes, as yet unexplained.

When the study subjects were pooled with
out regard to sex, the level of arterial oxygen
tension was dependent upon age. Table 2
shows the differences between the Pa02 mean
for the 71-80 age group and the Pa02 means
for the five younger age groups. The mean
Pa02 value for the 71-80 decade was signifi
cantly different only from that for the 20-30
decade.

When reciprocal tests were made, i. e., when
the mean Pa02 value for decade 20-30 was
compared to all the others, a significance at 5%
was demonstrated from decades 41-50 through
71-80 (Table 3). The data strongly suggest that
some physiological alteration which affects
arterial oxygen tension occurs at or soon after
age 40. Furthermore, this change remains
relatively stable up through the eighth decade.
Thus, with respect to this phenomenon, and
when sex is excluded as a variable, a population
may be viewed as consisting of pre-40 and
post-40 subgroups.

The foregoing observations made it necessary
to determine whether or not the means we
compared were from the same populations. For
each t test, the corresponding F value was
calculated. In no case was significance noted.
Thus the variances were not different and the
mean values did come from the same po pula-

6
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Age Groups

No significances at 5% were noted.

TABLE 5
Difference between the Variance of PaD, for the

20-30 .4ge Group and the Variance for Each Successive
Age Group

during exercise (17), and the anatomical dead
space is larger (18). The increase in alveolar
dead space was demonstrated by Riley et al.
(19), who attributed it to underperfusion of
pulmonary capillaries in the upper zones of the
lungs. This idea was supported by the findings
of studies in which bronchospirometry and

radioactive gases were used (20, 21). Several
investigators (15, 16) concluded that, even
when diffusing capacity is severely reduced by
disease or with age, the reduction cannot
account for a measurable part of the increase in
alveolar-arterial oxygen difference because the
end-capillary gradient does not exceed 1 mm
Hg.

The contribution of the anatomical shunt
component explains only a small part of the
observed increase in alveolar-arterial oxygen
difference (22). Mellemgaard (10) concluded
that, of the normal alveolar-arterial oxygen
difference, only a small fraction is caused by
the right-to-left "anatomical" shunt in the lung
and less than half is caused by the bronchial
and Thebesian vein drainage to the left side of

1.41.21.11.51.7

31-40 41-50 51-60 61-70 71-80

F value

TABLE 6
Summary of Measurements of PaD, by Previous Workers

---~--_.

Age PaD, (mm Hg)
Range
(yrs. ) mean range or SD Methods of PaD,

22-42 92.9 ±5.6 Dropping mercury electrode
23-35 86.9 81-96 Bubble equilibration
52-60 78.2 70-89
18-30 93.7 ±6.6 Teflon-covered
31-40 84.5 ±8.7 Pt-micro electrode
41-40 80.1 ±7.6
51-60 76.9 ±5.6
>60 70.0 -

<40 95.3 ±6.9 Polyethylene-covered
<40 97.6 ±8.4 Pt-electrode
>40 88.2 ±9.8
>40 90.9 ±6.9
<30 90.96 ±8.30 Teflon-covered Pt-electrode

30-40 88.96 ±11.09
40-50 86.56 ±9.10
50-60 80.75 ±17.20
>60 79.70 ±8.50

21-30 96.0 ±0.90 (SE) Teflon-covered Pt-electrode
31-40 94.0 ±1.80 (SE)
41-50 88.5 ±1.20 (SE)
51-60 86.7 ±1.50 (SE)
61-70 85.9 ±2.70 (SE)
<30 96.8 ±2.7 Stirred Bishop cuvette or

30-45 93.7 ±7.2 unstirred Beckman
46-60 91.3 ± 8.5 electrode
>60 86.0 ±11.7

15-20 98.9 ±5.1 Dropping mercury electrode
21-30 97.8 ±6.6
31-40 93.1 ± 5.6
41-50 92.6 ±9.1
51-60 87.9 ±6.9
61-75 86.7 ± 8.3
<30 94.2 1.8 Teflon-covered Pt-electrode

31-40 87.2 2.0
41-50 83.9 2.4
51-60 81.2 2.9
>60 74.3 2.1

___L..-.._ ..

Bartels and Rodewald (4)
Filley et al. (5)

Raine and Bishop (2)

Loew and Thews (6)

Ulmer and Reichel (7)

Marshall and Miller (8)

Conway et al. (9)

59
15

4
117

79
99
66
29
14*
32t

7*
17t
28
16
18
16
10
20
10
10
10

6
7

22
30
11
12
16
12
16
12
12

38 I30
30
30

__________----''---_24 __

Mellemgaard (10)

Sorbini et al. (11)

No.of
Authors Subjects

-------------- ._------

* Supine.
t Sitting.
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the heart. The remaining part, which increases
with age, apparently is caused by inequalities
of the ventilation-perfusion ratio in the lungs.
Joos et al. (23) compared the values in 50
healthy subjects of the 70-80 age group with
the ideal values and found oxygen saturation to
be at the lower limit of normal during rest
followed by a slight increase during moderate
exercise. Their interpretation was that these
changes are associated with inadequate distri
bution.

Perhaps the most widely accepted explana
tion for the decrease in arterial oxygen tension
with age is that an alteration occurs in the
ventilation-perfusion ratio between gas and
perfusing blood in the lungs (24, 25). The
question of whether ordinary slow breathing
versus deep breathing is related to variability
in ventilation of the lungs has been under
considerable debate. Haldane and Priestley (26)
believed that the different parts of the lung are
unequally ventilated and that this inequality
depends upon the depth and the rate of
breathing. Krogh and Lindhard (27) found
that these differences were small with ordinary
breathing but large with deep breathing. Dill et
al. (28) provided excellent evidence of the
incomplete mixing of lung gases in old men.
They held that unequal ventilation of the lobes
of the lung is an important phenomenon during
quiet breathing in some old men. Sonne (29)
presented experimental evidence for variability
in the different lobes of the lung, and Sorbini
et al. (11) concluded that increased inequality
in the VID ratio probably was the cause of the
decline of arterial oxygen tension with increas
ing age.

Both an increase in alveolar-arterial oxygen
tension with age (7, 10, 22, 30) and an inverse
correlation between age and arterial oxygen
tension (7-10) have been demonstrated. It
would be reasonable to assume that: 1) the
small differences in arterial oxygen tension
between patients in the seated and in the
supine positions are of limited significance; 2)
the differences in standard deviation noted in
the various large studies reported in the
literature are likely based on the selection of
subjects and possibly on the methods used; and
3) age is a significant factor in lowering arterial
oxygen tension. Clinically, these findings may
be related to the effects of anoxemia on the
central nervous system and the cardio
pulmonary system, in preoperative and post
operative conditions, in traveling, or in living at

8

high altitudes. Our studies show that the
variation of arterial oxygen tension with age is
such that the definition of normal values
without regard to age is not justified. In fact,
there is a marked inverse relationship between
arterial oxygen tension and age. The present
value of 100 mg Hg for normal arterial oxygen
tension may have to be revised.
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