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ABSTRACf: The relationships of lung function to physical characteristics 
In young adults have not been adequately described for different 
gender-race groups in the United States. As part of a study of the eft'ects 
of ozone exposure upon Black and White men and women, we measured 
lung volumes, expiratory ftow rates, and airways resistance on a sample of 
314 healthy 18-35 yr old nonsmokers. Regression analysis Indicated that 
lung function wu adequately described as a linear function of either height 
or sltt.lng height in each of the four groups, and that while not always 
significant, gender and race dlft'erences In the height and slttlng height 
coemcients were consistently present with those of males and Whites larger 
than those of females and Blacks, respectively. Lung volumes were 
frequently observed to be associated with body mass index as measured by 
Quetelet Index (welght·height·l). The best ftttlng gender-race speciftc 
multiple regression models including these terms and occasional age terms 
are presented. Two additional models are presented, one of which 
simultaneoWJiy acijWJts for both gender and race, and the other of which 
acijusts for &ender for a given race. Comparison of predicted values 
from our study to those of other studies suggests that the population 
samples from this study may be similar to those of other American 
populatlons reported upon by others. 
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It has long been recognized that gender-race differences 
in lung function exist, and equations predicting normal 
values of lung function for North Americans have been 
generated for gender-race specific groups or which include 
appropriate adjustments [1-10]. Only in a few recent 
studies have community based samples of nonsmokers 
been utilized to generate these prediction equations 
[11-14). In general, the variables measured have been 
limited to those obtained from the forced expiratory 
spirogram. Other measures of lung volumes or airway 
resistance have less frequently been reported. 

Often, the major focus of interest in this area has been 
to describe the relationship of lung function to age, 
especially with regard to normal growth and decline of 
lung function. Because of the discontinuity in the 
age-lung function relationship which occurs at the time 
when lung growth ceases and the ageing process becomes 
evident, these two age ranges are usually studied 
separately. With few exceptions, the period of maximal 
function has not been examined in its own right; rather 
it is described as the tail of an age distribution, is usually 
represented by a small number of subjects, and is often 
not described accurately because all but the most 

complex models for children or adults cannot account 
for the plateau in lung function which occurs at this time. 
In these investigations, height, which is strongly associated 
with lung function, has usually been regarded as a 
nuisance variable which was controlled for in order to 
better understand the pure relationship of lung function 
with age. The models which best describe lung function 
over a large age range will not necessarily be the best 
models for describing the height-lung function relation­
ship at one extreme of the age distribution, particularly 
since nonlinear effects of age and interactions of age 
with height and other variables which may exist over a 
large age range are difficult to adjust for. Measures 
of other physical characteristics are rarely included in 
such equations. Of the few studies that have restricted 
their observations to the period of maximal function, the 
numbers of lifetime nonsmoking Blacks and/or women 
participants have been small. 

The purpose of this report is to describe the 
relationships of various lung function measures to 
physical characteristics of lifetime nonsmoking, North 
American, Black and White men and women who are 
nearing or have reached physical maturity, but who have 



280 W.F. MCDONNELL, E. SEAL 

not yet begun to demonstrate appreciable loss of lung 
function due to the ageing process. We have fitted our 
data using both gender-race specific regression equations 
and unified equations which allow adjustments for 
gender and/or race in a single equation. Complete tables 
of all regressions are not included in this manuscript; 
they may, however, be obtained from the author upon 
request. 

Materials and methods 

Subjects 

Subjects for this study were men and women 18-35 
yrs of age who had never smoked cigarettes, had no 
history of allergic rhinitis, asthma, or any other chronic 
or recent acute respiratory illness, and who were in good 
general health. They were self-selected volunteers 
recruited from among local university students and 
townspeople in the area including Chapel Hill, Durham, 
and Raleigh, N.C. to participate in a study of the effects 
of ozone upon the respiratory function of Blacks and 
Whites, men and women. As such, they needed to be fit 
enough to complete a modest two-hour exercise protocol. 
Each potential subject completed a medical questionnaire 
and underwent a physical examination and routine 
haematological and serum chemistry screening. Only 
subjects judged to be completely healthy were allowed 
to participate in the study. 

Data collection 

All subjects completed training in the performance of 
spirometry and body plethysmography on a day prior to 
data collection. On the day of the study, subjects 
completed measures of functional residual capacity (FRC), 
airways resistance (Raw), slow vital capacity (VC), and 
forced expiratory spirometry in triplicate in that order. 
Functional residual capacity and Raw were measured at 
end-exhalation in a constant volume body plethysmograph 
(CPI model 2000TB) by the methods of DuBo1s and 
eo-workers [15, 16]. Specific airways resistance was 
calculated as the product of Raw and the thoracic gas 
volume (Vtg) at which Raw was measured. Vital capac­
ity was measured by having the volunteer establish an 
end-expiratory baseline (FRC) while breathing on a dry 
seal spirometer (CPI model 220) followed by a maximal 
inspiration and a slow full exhalation. Inspiratory capac­
ity (IC) and expiratory reserve volume (ERV) were 
calculated. Forced expiratory spirometry was performed 
on the same instrument. Time of onset for forced 
expiratory volume in one second (FEV1) was calculated 
using the back extrapolation method, and end of test for 
forced vital capacity (FVC) was defined as the point at 
which no volume change greater than 3 ml occurred for 
0.1 s. Other variables calculated from the forced expira­
tory spirogram included peak expiratory flow rate (PEF), 
mean forced expiratory flow rate between 25 and 75% of 
FVC (FEF zs_1s), maximal instantaneous flow rates at 50% 

of exhaled volume (V5r) and at 75% of exhaled volume 
(V,,). 

Testing was completed between 8 a.m and 1 p.m. at 
22°C and 40% relative humidity, and noseclips were worn 
during all manoeuvres. Values were corrected to body 
temperature and pressure, saturated. Spirometry and 
plethysmography were performed in the standing and 
sitting positions, respectively. Electronic testing of 
spirometric and plethysmographic calibration was 
performed prior to each trial, and full calibration was 
performed every two weeks. 

Data were reduced as follows. The means of all 
technically adequate measurements were used for FRC 
and sRaw. The IC and ERV were calculated as the 
means from the manoeuyres wit~ the two largest vital 
capacities. The FEFzs_75 Vw and V75 were selected from 
the manoeuvre with the largest sum of FVC and FEVJ.: 
The largest single values -of FVC, FEV

1
, PEF, and Vc 

were used. The ratio of FEV
1 

to FVC was calculated 
from these largest values. Total lung capacity (TLC) was 
calculated as the sum of FRC and IC, and residual volume 
(RV) was calculated as the difference between FRC and 
ERV. 

Statistical analysis 

Determination of the most appropriate forms of the 
equations for height, for sitting height, and for Quetelet 
Index was accomplished for each of the four groups by 
examination of plots of moving averages of the dependent 
variable versus the independent variable and by 
polynomial regression including the linear and the 
quadratic terms. Tests of significance of the linear and 
quadratic coefficients were performed utilizing a partial 
F test [17]. When necessary to avoid problems of 
collinearity, the independent variables were centred prior 
to regression analysis by subtracting the sample mean of 
that variable from each person's value [ 17]. This 
technique, which increases the precision of the estimates, 
does not alter the value of the coefficient of the highest 
order term for the centred variable but does transform 
the intercept and lower order terms. 

The differences in height or sitting height coefficients 
between the races were assessed statistically for each 
gender by evaluating the race· height or race·sitting height 
terms, respectively, in models containing subjects from 
both races. Differences between the genders were simi­
larly assessed for each race. Simultaneous assessment of 
gender and race differences was not performed to avoid 
the necessity of including higher order interaction terms 
which introduced problems of collinearity. Selection of 
the best overall model for each gender-race group was 
accomplished utilizing multiple regression techniques. 
For each variable, the terms height, Quetelet Index, 
Quetelet Index2, and age terms were included in the 
maximal model. For males, age and log age (with age 
transformed by subtracting 17) were included. For 
females, only age (similarly transformed) was added. 
These expressions were chosen because of previous 
observations suggesting that females have generally 
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completed lung growth by age 18 yrs while males may 
continue to have a small amount of growth until their 
early twenties followed by a plateau and eventual loss of 
lung function (13, 14, 18, 19). A backwards elimination 
strategy was utilized that first assessed the statistical 
significance of the Quetelet2 term. If significant, both the 
Quetelet and Quetelet2 terms remained in the model 
without further testing. If not, Quetelet2 was eliminated, 
and the model was refitted. The term (height, Quetelet) 
with the highest nonsignificant p value (p>0.05) was then 
excluded. This process continued until only significant 
terms remained. The log age and age terms were as­
sessed last. Any age term that was significant or the 
removal of which resulted in a substantial change in any 
remaining non-age coefficients of the model was retained 
in the model. Otherwise, it was excluded. 

Unified models of the forms proposed by SCHWARTZ et 
al. [14] which included both gender and race terms, and 
by DocKERY et al. (11] which included only a gender 
term were fitted to this data set. All data analysis was 
performed using Statistical Analysis System (SAS) 
programs, and all regression equations were generated 
using the REG procedure [20]. 

Results 

Of the 347 subjects who performed lung function 
testing, 30 were eliminated on the basis of re-examina­
tion of questionnaires and pulmonary function. The 

reasons and number initially excluded from this study 
included allergic rhinitis (3), childhood asthma (1 ), 
current smoking (1), any with a smoking history within 
5 yrs or a duration of greater than 1 yr or an amount 
greater than 1 pack per week (18), history of cough and 
sputum (2), and FEV /fVC <70% (5). Three subjects 
were later excluded for disproportionate height, sitting 
height, weight, and FEV1 suggesting measurement error 
or nonrepresentative subjects. Subjects who had techni­
cally inadequate measurement of forced expiratory 
spirometry (3), functional residual capacity (2), and vital 
capacity (1) were excluded from analysis of the affec­
ted variables, but were included for others. Measure­
ment of sitting height was not recorded for 23 
subjects. 

The numbers, anthropometric characteristics, and 
lung function values for each gender-race group are 
presented in table 1. The majority of volunteers were 
in the age range of 18-25 yrs with a slightly larger 
proportion of White males over the age of 30 yrs. 
Whites were slightly taller than Blacks for both 
genders. Blacks had prop-ortionally smaller sitting 
heights than did Whites. Blacks were somewhat 
heavier and had larger values for Quetelet Index. Lung 
volumes were uniformly larger in males and Whites than 
in females and Blacks, respectively. Little or no race 
difference in forced expiratory flow rates was observed, 
although gender differences were present. Blacks and 
females had larger values of FEV.fFVC than did Whites 
and males. 

Table 1. -Anthropometric and lung function values by gender and race 

n 
Age yrs 
Ht cm 
Sitht cm 
Wt kg 
Quetelet kg·m·1 

FVC I 
FEVl I 
VC I 
FRC I 
TLC I 
RV I 
IC I 
ERV I 
PEF f.s·1 

r;EF ~!i l·s·l 
Y,s t·s 
V l·s·1 

F~I/FVC% 
sRaw cmHp·s·1 

Female 
Black 

67 
23.2 (4.2) 

165.2 (5.9) 
71.3 (3.2) 
63.4 (11.8) 
23.2 (3.8) 
3.36 (0.46) 
2.95 (0.37) 
3.47 (0.49) 
2.17 (0.34) 
4.46 (0.55) 
1.03 (0.31) 
2.30 (0.43) 
1.14 (0.30) 
7.47 (1.31) 
3.80 (0.75) 
1.85 (0.48) 
4.39 (0.93) 

88.1 (4.3) 
3.19 (1.21) 

White 

89 
23.3 (4.0) 

167.1 (5.8) 
73.9 (3.3) 
58.7 (7.0) 
21.0 (2.2) 

3.86 (0.48) 
3.30 (0.38) 
3.95 (0.49) 
2.64 (0.44) 
5.21 (0.62) 
1.27 (0.34) 
2.56 (0.43) 
1.38 (0.28) 
7.46 (1.10) 
3.72 (0.70) 
2.01 (0.56) 
4.25 (0.82) 

85.9 (5.0) 
4.09 (1.18) 

Male 
Black 

75 
22.9 (3.7) 

179.0 (6.5) 
76.3 (2.5) 
76.4 (10.9) 
23.8 (3.0) 

4.67 (0.66) 
3.91 (0.55) 
4.84 (0.69) 
2.86 (0.60) 
6.02 (0.85) 
1.23 (0.41) 
3.16 (0.53) 
1.64 (0.48) 

10.29 (1.61) 
4.35 (1.16) 
2.10 (0.82) 
4.93 (1.22) 

84.0 (5.5) 
3.50 (1.16) 

White 

83 
25.0 (4.4) 

180.3 (7.1) 
78.6 (3.4) 
74.7 (10.2) 
23.0 (2.8) 
5.39 (0.79) 
4.46 (0.65) 
5.53 (0.84) 
3.34 (0.73) 
7.03 (1.01) 
1.55 (0.44) 
3.70 (0.75) 
1.80 (0.53) 

10.83 (1.65) 
4.69 (1.11) 
2.35 (0.72) 
5.27 (1.32) 

82.9 (5.2) 
3.73 (1.17) 

Values are means:tso. Ht: standing height; Sit ht : sitting height; Wt: weight; Quetelet: 
weight·hr2; FVC: forced vital capacity; FEY 1: forced expiratory volume in one second; VC: vital 
capacity; FRC: functional residual capacity; TLC: total lung capacity; RV: residual volume; IC: 
inspiratory capacity; ERV: expiratory r~erve volume; PEF: peak expiratory flow; FEFu..,: forced 
expiratory flow rate between 25 and 75% ofFVC; V7, and Vs0: maximal instantaneous flow at 75% 
and 50% exhaled volume; sRaw: specific airways resistance. 
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Fig. 1. - Moving averages of height and FEV
1 

versus age, height, and sitting height by race and gender. Intervals of three yrs and five cm were 
averaged, respectively, for age, and for height and sitting height. FEV1: forced expiratory volume in one second; Q: White males; • : Black males; 
A: White females; ~ Black females. 

Relationships with age 

There was no relationship observed between height or 
sitting height and age for Black or White women. For 
White men, and to a lesser extent for Black men there 
appeared to be slight increases in height from age 18 yrs 
to the early twenties (figure lA). There was no 
meaningful relationship between Quetelet Index and age 
for any of the groups. In general, measures of lung volume 
had small and usually nonsignificant relationships with 
age. One exception was for White men who had small 
significant initial increases followed by a plateau (fig. 
lB). When height was controlled for, these increases 
with age became marginally significant or nonsignifi­
cant. Another exception was a small significant increase 
in RV with age in most gender-race groups. For the 
forced expiratory flow rates, the White males had a simi­
lar though diminished relationship with age as that for 

volume while the other groups had no relationships or 
small declines with age. For FEV /FVC, the White men 
showed the same initial increase followed by a signifi­
cant decline while the other groups experienced modest 
significant declines. There was little apparent relation­
ship with specific airways resistance (sRaw) in any 
group. 

Relationship to height 

There were in general statistically significant linear 
relationships between the volume measurements and 
height for all four gender-race groups (table 2 and 
fig. lC). In no case did the addition of a higher order 
height term significantly improve the fit of the model. 
The White males and the White females had larger height 
coefficients than the Black males and females, 
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Table 2. - Regression equations of lung function against height by gender and race 

Intercept (sE) Height (ss) r2 Predicted 

FVC' BF ·2.95 (1.37) 3.82 (0.83) 0.25* 3.74 
I WF -3.29 (1.25) 4.28 (0.75) 0.28* 4.20 

BM -6.35 (1.69) 6.15 (0.94) 0.37* 4.41 
WM -8.08 (1.64) 7.47 (0.91) 0.46* 4.99 

FEV/ BF ·1.74 (1.14) 2.84 (0.69) 0.21* 3.23 
I WF -2.39 (1.01) 3.41 (0.60) 0.27• 3.58 

BM -3.98 (1.52) 4.41 (0.85) 0.27* 3.74 
WM -6.37 (1.36) 6.00 (0.76) 0.44* 4.13 

vcn BF -2.77 (1.52) 3.77 (0.92) 0.21* 3.83 
1 WF -2.87 (1.31) 4.08 (0.79) 0.24* 4.27 

BM -6.82 (1.75) 6.51 (0.98) 0.38* 4.57 
WM -8.99 (1.72) 8.06 (0.95) 0.47* 5.12 

TLcts BF -1.75 (1.74) 3.76 (1.05) 0.16* 4.83 
I WF -2.87 (1.72) 4.83 (1.03) 0.21* 5.58 

BM • 7.84 (2.22) 7.74 (1.24) 0.35* 5.71 
WM -10.29 (2.15) 9.61 (1.20) 0.45* 6.53 

FRC'5 BF -0.05 (1.15) 1.35 (0.70) 0.05 2.31 
I WF -0.51 (1.31) 1.89 (0.79) 0.06* 2.80 

BM -6.02 (1.63) 4.96 (0.91) 0.29* 2.66 
WM -6.75 (1.77) 5.60 (0.98) 0.29* 3.05 

Regression equations of the form FVC =A+ B·height were fitted with height in m. The values 
in the table are the intercepts and the height coefficients with their standard errors. Predicted 
values were calculated at a height of 1. 75 m. r: correlation coefficient; BF: Black female; WF: 
White female; BM: Black male; WM: White male. •: p value <0.05 for testing the null 
hypothesis of r = 0; •: p value <0.05 for testing the null hypothesis B (BF) = B (WF); ': p value 
<0.05 for testing the null hypothesis B(BM) = B (WM); 5: p value <0.05 for testing the null 
hypothesis B(BF) = B(BM); ': p value <0.05 for testing the null hypothesis B(WF) = B(WM). 
For other definitions see legend to table 1. 

respectively. While the differences in the height coeffi­
cients between the races were only rarely statistically 
significant, some of them differed by a considerable 
amount, and in all cases except ERV those for Whites 
were larger than those for Blacks. The men of both 
races had larger height coefficients than did the women 
of the same race. In a number of cases, these differences 
were statistically significant. Predicted values for Whites 
and males at a height of 175 cm were larger than for 
Blacks and females. 

Very little of the variance in flow measurements 
among individuals was explained by height, though many 
of the height coefficients were significantly different from 
zero (table available from authors). With the exception 
of PEF for which height coefficients were similar among 
the races or slightly larger in the Blacks, the coefficients 
for Whites were generally larger than for Blacks of the 
same gender. For Whites, the men usually had larger 
coefficients than the women. For Blacks, the results 
were variable. For sRaw and FEV/FVC there was little 
relationship with height. 

Relationship to sitting height 

As with height, most lung volumes had significant 
linear relationships with sitting height without 
statistically significant quadratic relationships (fig. lD, 
table available from authors). In general the males and 
the Whites had larger sitting height coefficients than 
did the females and the Blacks. The degree of 
difference among the coefficients was similar to that for 
height when comparing races, but was larger than that 
for height when comparing genders. The differences in 
predicted values for lung function at a sitting height of 
75 cm were smaller between the races than those 
calculated at a fixed standing height, but were still 
considerably different. The proportion of variance 
explained by linear regression with sitting height 
was similar, but somewhat smaller than that explained 
by height with a few exceptions. The relationships 
between forced expiratory flow rates and sitting height 
were consistently weak and usually not statistically 
significant. 
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Flg. 2. - Relationships of residuals of lung volumes adjusted for height, gender, and race with Quetelet Index (wt·ht·l). FVC: forced vital capacity; 
RV: residual volume; FRC: functional residual capacity. 

Relationship to Quetelet Index 

Examination of moving averages of most dependent 
variables plotted against Quetelet Index suggested a 
variety of curvilinear functions, most of which were 
concave downward. The best fitting quadratic functions 
are available from the author. There were no significant 
relationships between Quetelet Index and height or 
sitting height for any of the gender-race groups. 
Relationships between lung volumes and Quetelet Index 
are significant in many cases with the proportion of 
variance explained ranging up to 20%. While the squared 
term for Quetelet Index is statistically significant in only 
a few cases, the signs of these terms are almost uni­
formly negative suggesting an inverted "U" shaped 
relationship. 

Examination of graphs (not presented) of these 
data reveal slight increases in VC, FVC, FEV

1
, and PEF 

with increasing Quetelet Index, reaching a plateau at 
higher values of Quetelet. FRC, the variable with the 
strongest relationship, and RV decrease over the observed 
range of Quetelet Index. This is illustrated in figure 2 
which is a quadratic fit of the residual variance after 
adjusting for height, race, and gender against Quetelet. 
The r2 for each variable is the proportion of the residual 
variance explained by Quetelet Index. Other flow rates, 
TLC, FEVJFVC, and sRaw are poorly correlated with 
Quetelet. 

Multivariable models 

The best fitting equations for each gender-race group 
are contained in table 3. Height is usually a significant 
predictor, and Quetelet Index, with or without the 
quadratic term, contributes significantly for many of the 
lung volumes. Age sporadically accounts for some small 
proportion of the variance or influences the other 
coefficients. While the r2 for each multivariable model 
is greater than that for the corresponding model which 
is univariate in height, the predicted values are 
similar. 

Unified equations of the forms proposed by DocKBRY 
et al. [11] and SCHWARTZ et al. [21) are listed in table 4 
for FVC and FEV1• Both predict significantly larger lung 
volumes for males compared to females and that of 
Schwartz also predicts a significant race effect. In 
neither of these models was age significant. 

Discussion 

The best fitting models for these samples indicate that 
lung volumes are associated consistently with a linear 
measure of height, frequently with Quetelet Index, and 
infrequently with age for young adults. The generally 
negligible relationships with age are in agreement with 
other reports describing a plateau in lung function from 



Table 3. - Best fitting multiple regression equations by gender and race 

Pre-
Age LnAge Height Quetelet Queteletl Intercept r2 dieted 

FVC BF 3.82 (0.83) -2.95 (1.37) 0.25 3.74 
l WF 4.44 (0.71) 0.06 (0.02) -3.44 (1.19) 0.35 4.33 

BM 5.98 (0.90) 0.07 (0.03) -0.01 (0.01) -5.97 (1.62) 0.44 4.50 
WM 7.74 (0.87) 0.07 (0.02) -8.55 (1.57) 0.51 4.98 

FEV1 BF -0.02 (0.01) 2.84 (0.67) -1.61 (1.12) 0.26 3.28 
l WF 3.64 (0.58) 0.01 (0.02) -0.01 (0.00) -2.68 (0.96) 0.36 3.69 

BM 4.27 (0.83) 0.05 (0.02) -0.01 (0.01) -3.67 (1.49) 0.33 3.80 
WM 6.18 (0.74) 0.05 (0.02) -6.69 (1.33) 0.48 4.13 1:1 VC BF 3.59 (0.90) 0.03 (0.01) -2.47 (1.49) 0.26 3.81 

I l WF 0.03 (0.01) 4.28 (0.72) 0.07 (0.02) -3.24 (1.20) 0.38 4.37 
BM 6.31 (0.91) 0.09 (0.03) -0.02 (0.01) -6.37 (1.64) 0.48 4.67 
WM 8.31 (0.92) 0.06 (0.02) -9.44 (1.67) 0.51 5.10 

FRC BF 1.55 (0.66) -0.03 (0.01) -0.39 (1.08) 0.18 2.32 
l WF 0.04 (0.01) 1.74 (0.69) -0.07 (0.02) -0.64 (1.15) 0.31 2.57 ~ BM 4.82 (0.84) -0.02 (0.02) -0.01 (0.01) -5.64 (1.52) 0.41 2.80 

~ WM 0.03 (0.01) 5.18 (0.87) -0.11 (0.02) -6.24 (1.57) 0.46 2.95 
TLC BF 3.76 (1.05) -1.75 (1. 74) 0.16 4.83 

~ l WF 0.04 (0.01) 4.82 (0.98) -3.13 (1.64) 0.29 5.47 
BM 7.53 (1.21) 0.06(0.03) -0.02 (0.01) -7.32 (217) 0.41 5.86 a 
WM 0.04 (0.02) 9.60 (1.17) -10.56 (2.12) 0.47 6.40 0 :z: 

RV BF -0.02 (0.01) 1.03 (0.04) 0.07 1.03 2! 
I WF 0.02(0.01) -0.06 (0.02) 1.05 (0.07) 0.19 1.13 o< 

0 BM -0.11 (0.03) 0.66(0.16) -0.05 (0.01) 0.86 (0.11) 0.27 1.33 ~ WM 0.03 (0.01) 1.99 (0.61) -0.04 (0.02) -226 (1.10) 0.25 1.34 0 
IC BF 2.17 (0.79) 0.04 (0.01) -1.29 (1.31) 0.24 2.51 i; 
I WF 3.12 (0.65) 0.08 (0.02) -2.48 (1.08) 0.34 2.98 a BM 2.80 (0.86) 0.06 (0.02) -1.89 (1.54) 0.22 3.01 

WM 4.79 (0.92) 0.13 (0.02) -4.93 (1.66) 0.39 3.45 
ERV BF 1.36 (0.60) -1.11 (0.99) 0.07 1.27 
l WF 0.02 (0.01) 1.25 (0.49) -0.84 (0.82) 0.15 1.43 

BM 3.57(0.73) 0.02(0.02) -0.01 (0.00) -4.67 (1.31) 0.31 1.58 
WM 3.13 (0.65) -0.04 (0.02) -0.01 (0.00) -3.76 (1.18) 0.41 1.72 

PEF BF 0.12 (0.05) -0.02 (0.01) 7.73 (0.18) 0.14 7.73 
l·S"'· WF 5.40 (1.81) -0.01 (0.07) -0.05 (0.01) -1.19 (3.02) 0.22 8.26 

BM 7.60(266) 0.14 (0.06) -3.44 (4.77) 0.16 9.86 
WM -0.29 (0.11) 252(0.76) 5.49 (2.33) -1.54 (4.15) 0.22 10.42 

FEF BF -0.06 (0.02) 4.19 (0.16) 0.13 3.95 l·S"'l 1S-7S WF 3.52 (1.23) -0.02 (0.05) -0.02 (0.01) -1.99 (2.05) 0.15 4.17 
BM 4.35 ~ 
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Table 4. - Prediction equations for FVC and FEV
1 

as 
functions of height, race, and gender 

Modell {Black) 

FVC = Ht2·(1.455-0.227·Gender) 
FEV1 = Ht1·(1.218-0.139·Gender) 

Model 1 (White) 

FVC = Ht2·(1.658-0.279·Gender) 
FEV

1 
= Ht1·(1.371-0.190·Gender) 

Model2 

LnFVC = 0.370 + 2.210·LnHt-0.122·Race-0.158·Gender 
LnFEV

1 
= 0.289 + 2.021·LnHt-0.104·Race-0.130·Gender 

Model 1 after DoCKBRY et al. [11). Model 2 after SCHWARTZ 

et al. [21]. Gender= 0 if male, 1 if female; race= 0 if White, 1 if 
Black; Ln: natural logarithm; all coefficients, p<O.Ol. FVC: 
forced vital capacity; FEV

1
: forced expiratory volume in one 

second. 

the late teens to the early thirties [13, 14, 18, 19]. The 
few exceptions are consistent with the small age-related 
increase in height for White males and with normal ageing 
of the lung. 

A model linear in height without interaction terms is 
consistent with a number of previously proposed 
prediction equations [8-10, 12]. Other investigators have 
proposed models including higher order height terms 
[11, 22], interaction terms of height with other variables 
[11, 13, 23], or transformed variables [14). We have 
explored these possibilities in each of our four data sets. 
In no case did the addition of a height squared term to 
a model containing height explain a significantly greater 
proportion of the variance in FVC or FEV1 for our 
samples nor did addition of the interaction, quadratic, 
and logarithmic terms proposed by SCHOBNBBRO et al. [13). 
These additional terms seem most useful when creating 
unified equations [11, 14], predicting over large age ranges 
(13), or for simplifying graphical presentation of data 
[11]. They do not appear to improve prediction of 
lung function for a given gender-race group in this age 
range. 

Associations of FVC and FEV1 with weight (or 
deviations from ideal weight) have previously been 
described with lung function increasing with weight at 
low weights and decreasing at much higher values of 
weight [11, 13). In our samples, FRC clearly decreased 
with increasing Quetelet Index, which is consistent 
with increased chest wall weight resulting in a lower 
end-expiratory volume. We observed significant reduc­
tions in RV, slight increases in FVC, FEV

1
, VC, and PEF, 

and very little relationship of TLC with increasing 
Quetelet Index. In older adults, airway closure is the 
major determinant of RV. In young, healthy individuals, 
however, chest wall mechanics also play a role [24] with 
more muscular individuals being able to generate higher 
end-expiratory pressures resulting in lower RV and larger 
VC and FVC. The increases in FEV1 and PEF are 
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consistent with increased muscular effort during 
the initial, effort-dependent stage of forced exhalation. 

The data from this study indicate that in this popula­
tion of young adults, men generally have larger volumes 
and flow rates than women, and Whites generally have 
larger volumes than and flow rates similar to Blacks even 
following adjustment for height or sitting height. This is 
in agreement with previous reports for adults [1, 11-14] 
and in contrast with what has been observed for children 
in whom Blacks and females often have larger expiratory 
flow rates [13, 14, 25]. 

Using regression equations linear in height, males 
consistently had larger height coefficients than females 
with these differences more likely to be statistically 
significant in Whites than Blacks. These findings are 
similar to those of numerous other studies [8-12, 14]. 
Whites uniformly had larger height coefficients than 
Blacks for both genders, although these differences were 
rarely statistically significant. The values of the height 
coefficients for the Black and White males, however, are 
very similar to those observed by Rossmm and WEILL 
[1] who also observed consistent but not statistically 
significant race differences. While this lack of statistical 
significance prevents the formation of definitive con­
clusions, the agreement of our findings with those of 
others [1, 3, 14] strongly suggests that these differences 
in height coefficients are real, and that the lack of 
statistical significance is the result of a small sample size 
and inadequate power. The race differences observed in 
the coefficients of sitting height and in the predicted values 
at a given sitting height are consistent with previous 
observations that differences in upper body to lower body 
proportion do not fully account for the observed race 
differences in lung function [4, 21]. 

While many of the published prediction equations for 
lung function have been gender and race specific, as are 
the current ones, there have been several attempts to 
generate unified models which provide predictions for 
Blacks and Whites, males and females. RossiTER and 
Wsn.L [1] suggested that a proportional scaling factor 
could be applied to predict the lung function of Blacks 
from prediction equations for Whites. Although this was 
approximately true in their data, the considerable race 
differences in intercepts for their regression equations 
are mathematically inconsistent with this notion. In our 
data, the predicted value at 1.75 m height of Whites was 
greater than that of Blacks by 12%, 11%, 15%, and 18% 
for FVC, FEV, 1LC, and FRC, respectively. With the 
exception of ~C. this is consistent with the data of 
RosSITER and Wsn.L [1]. In our data set, however, the 
percentage differences appeared to increase somewhat 
with increasing height, suggesting that the race differ­
ences may not be exactly proportional. 

CoLB [22] proposed a general model of the form FVC 
= X + Heightk·(A + B·Age) for adult males, and he 
presents statistical arguments that for K=2, the use of the 
intercept term X is unnecessary. DocKERY et al. [11] have 
modified this model to FVC = Height2·(A + B·Sex + 
CoAge + D·Age2) for describing the lung function of White 
adult males and females which reduces to the form FVC 
= Ht2·(A + B·Sex) over the age range included in the 

current paper. SCHWARTZ et al. [14) in a recent report 
uses a model of the form ln(FVC) = A + B·ln(Ht) + 
C· Race + D·Sex which is equivalent to FVC = 
Ht8 ·e(A+C·Race+D·Sex) with B approximately equal to 
2 for young adults. Both of these equations allow for 
gender-race differences in the coefficient of the Ht2 term, 
and have the property of producing gender-race 
predictions which differ only by a constant proportion. 
Equations of this form, however, assume zero intercepts 
and equal exponents for the height term for all 
gender-race groups. 
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Fig. 3. - Comparison of predicted luog volume-height relationships for 
25 yr old White males aod females....-- : DocK£1lY et al. (11]; - -: 
SOIOENBERO et al. (13); - - - : KNl.mSON et al. (12); -- · : SCKWARn 
et al. (14]; ........... : McDoonell and Seal. FVC: forced vital capacity; 
FBV

1
: forced expiratory volume in one second. 
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We have examined the ability of these unified models 
and the current gender-race specific models to describe 
our data set, utilizing analysis of residuals, and have 
tested the assumptions of zero intercepts and equal height 
coefficients for the variables FVC, FEV1, and TLC. 
Visual examination of plots of residuals versus height 
and versus predicted values by race and gender revealed 
no gross errors in prediction over the range of observed 
data. There were indications in this data set, however, 
that such unified models may provide somewhat biased 
estimates at some heights for given gender-race groups. 
This is suggested by the slight gender differences in 
associations between residuals from these models and 
height and by some violations of the assumptions of 
zero intercepts and equal height exponents. 

The appeal of the gender-race specific models is their 
simplicity of form, ease of use, and freedom from 
gender-race bias in predicting lung function. On the 
other hand, they require stratification of the data set with 
resultant loss of precision for each gender-race group. 
The unified models overcome this problem of small 
numbers within a particular group by allowing all data 
to be used in estimating parameters for the entire study 
population. The utility of such models for either predic­
tive purposes or for the study of the physiological bases 
of the gender-race differences, however, depends upon 
selection of an appropriate model, and the degree of 
accuracy demanded by the question to be answered. 

Our data set, which is of marginal size for evaluation 
of complex models, suggests that in general, the unified 
models provide reasonably accurate predictions over the 
ranges of ages and heights studied here. The suggestion 
of bias in some estimates, however, demands rigorous 
examination in other large data sets to determine under 
which circumstances such models can be used with 
confidence. 

Because the volunteers for this study were self­
selected, and because individuals were excluded for any 
history of chronic disease, any current illness, any recent 
acute respiratory illness, or the inability to perform 
moderate exercise, our samples are not necessarily rep· 
resentative of the general population of lifetime 
nonsmoking North Americans. The extent to which they 
are representative can be estimated by comparing the 
predicted values of lung function from this data set with 
those from other, population-based studies. 

Plots of FVC and FEV
1 
versus height are presented in 

figure 3 for the current study and for four previously 
published studies of nonsmokers [11-14). Because only 
one study included adequate numbers of Black females 
and none had adequate numbers of nonsmoking Black 
males, only data for White males and females are 
plotted. Age-adjusted models linear in height were used 
to provide predictions for the current study. It can be 
seen that the predictions of FVC and FEV

1 
for the 

females are remarkably similar to those of the previous 
studies although they are consistently higher than those 
of SCHOENBF.RG et al. [13]. For males the FEV1 values 
are similar over the entire height range while the FVC 
values are somewhat lower than those observed in the 
other populations at low values of height. Again, the 

Schoenberg predictions are generally smaller than those 
of the other four studies. The FVC and FEV

1 
predictions 

for Black women in the current study were higher than 
those predicted from the studies of SCHOF.NBERG et al. 
[13] and SCHWAR!Z et al. [14] by approximately 200 ml. 
The Black males in the current study were quite similar 
to those of the Schwartz study with differences ranging 
from -70 to+160 ml. The differences for the Black men 
in this study and in the Schoenberg study, which included 
smoking men, were similar or larger than for the women. 
DocKERY et al. [11] observed that lung function values 
for Blacks under age 55 yrs were 13.5% less than for 
Whites of the same gender. Others have reported 
differences ranging from 10-15% [1-4]. The predicted 
values of Blacks over a variety of heights in the current 
study ranged from 5-15% lower than for Whites of equal 
height with a representative difference of 10-12%. This 
puts the relationships of lung function between our sam­
ples of Blacks and Whites within the range of those 
previous reports, but precludes making definitive 
statements about how representative our samples are of 
the general population. 

In summary, little change in lung function was 
observed over the age range of 18-35 yrs. We found 
lung volumes to be adequately described as linear func· 
tions of height, and for some variables, notably FRC, 
found significant relationships with Quetelet Index while 
controlling for differences in height. Forced expiratory 
flow rates were only modestly associated with height. 
Whites and males had larger predicted values for most 
lung function variables than did Blacks and females, 
respectively. In general, the height coefficients were 
significantly larger for males than females, and though 
the race differences in height coefficients were not 
significant for lung volumes, Whites consistently had 
larger coefficients than Blacks in both genders. 
Gender-race differences in lung function were only 
partially accounted for by differences in sitting height. 
Two models which included gender and/or race terms 
described the data with reasonable accuracy, but evidence 
of bias of some estimates in this data set indicates the 
need for further study of such models. 
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Relations entre la fonction pulmonaire et les caracteristiques 
physiques chez de jeunes adultes noirs et b/ancs de sexe masculin 
et feminin. W.F. McDonnell, E. Seal Jr. 
REsUME: Les relations entre la fonction pulmonaire et les 
caract6ristiques physiques de jeunes adultes n'ont pas 6t6 d6crites 
adequatement pour diff6rents groupes de sexe et de race aux 
Etats-Unis. Dans le cadre d'une 6tude sur les effets de !'exposition 
A !'ozone sur des hommes et des femmes blancs et noirs, nous 
avons mesur6 les volumes pulmonaires, les debits expiratoires 
et la resistance des voies a6riennes dans un echantillon de 314 
sujets bien portants, non fumeurs, ag6s de 18 A 35 ans. L'analyse 
de r6gression indiquait que la fonction pulmonaire 6tait decrite 
ad6quatement comme fonction lin~aire, soit de la taille, soit de 
la taille assise, dans chacun des quatre groupes, et que, quoique 
pas toujours significatives, les differences de sexe et de race 
dans les coefficients de taille et de taille assise, etaient 
habituellement presentes, celles des hommes et des blancs etant 
plus irnportantes que celles des femmes et des noirs. Des vol­
umes pulmonaires apparaissent frequemment associ6s, A !'index 
de masse corporelle mesure par !'index de Quetelet (taille 
multipliee par hauteur-2). Nous pr6sentons les modeles de 
regression multiple sp6cifique au sexe et A la race qui con­
viennent le mieux, en incluant ces termes, et occasionnellement 
le terme de !'age. Deux modeles supplementaires sont pr6sentes, 
dont l'un tient compte simultanement a la fois du sexe et de la 
race, et !'autre tient compte du sexe dans une race d6terminee. 
La comparaison des valeurs pr6dites dans notre etude avec celles 
d'autres travaux, suggere que les echantillons de population de 
cette etude peuvent €tre similaires A ceux d'autres populations 
americaines rapportees pr6cMemment. 
Eur Respir J., 1991, 4, 279-289. 


