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The association between an increased risk of cardiovas-
cular mortality and lower baseline levels of ventilatory
function remains largely unexplained, even though it has
long been recognized and consistently reported in prospec-
tive population studies [1–4]. Several mechanisms have been
proposed [5] but there is little observational evidence to
support any of these.

A number of cross-sectional studies have reported neg-
ative unadjusted correlations between ventilatory function
and markers of glucose intolerance [6–8]. In a prospective
study, the development of diabetes was associated with
greater rates of decline in ventilatory function over a five
year follow-up period [9]. Insulin resistance, variously de-
fined [10], is associated with a range of cardiovascular
risk factors including dyslipidaemia, essential hypertension,
glu-cose intolerance and diabetes [11]. If lower levels of ven-
tila-tory function precede the development of insulin resist-
ance, the association of ventilatory function with
cardiovascular mortality may be at least partially mediated
by insulin res-istance.

The purpose of this report was to examine the relation-
ship between ventilatory function at study entry and the
development of insulin resistance in a relatively large co-
hort of males in the Normative Aging Study (NAS). It was
hypothesized that lower levels of ventilatory function at

baseline were associated with a greater risk of being rela-
tively insulin resistant at follow-up.

Methods

The NAS is an ongoing longitudinal study established
by the Veterans Administration in 1961 which has already
been described in detail [12]. Volunteers were screened
according to specific clinical, laboratory, spirometric, radio-
logical, electrocardiographic and medical history criteria
[12] and the cohort comprised 2,280 community-dwelling
males from the Boston area, aged 21–80 yrs at entry. The
study protocol was approved by the Human Studies Sub-
committee of the Research and Development Committee,
Department of Veterans Affairs Outpatient Clinic. Written
informed consent was obtained from all subjects.

Participants are re-examined periodically and anthropo-
metry is performed at each visit. Body mass index (BMI)
[13] was calculated as the weight in kilograms divided
by the square of the height in metres (kg·m-2). Abdominal
girth was measured at the level of the umbilicus, and hip
breadth was measured at the level of the greater trochant-
ers with an anthropometer. The ratio of abdominal circum-
ference to hip breadth (AC/HB) was used as a measure of
a central pattern of fat distribution.
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Spirometry was performed in the standing position,
without a noseclip, using a water-filled recording spiromet-
er (Warren E. Collins, Braintree, MA, USA). Each subject
made three acceptable forced vital capacity (FVC) man-
oeuvres according to predefined criteria [14] and standard
methods [14] were used to obtain the FVC (L), forced ex-
piratory volume in one second (FEV1; L) and maximal mid-
expiratory flow (MMEF; L·s-1). All values were corrected
to body temperature and pressure saturated with water vap-
our (BTPS).

Subjects fasted overnight before their examination. At
each visit, fasting blood samples were drawn and an oral
glucose load of 100 g was given. Two hours later, blood
was drawn for measurement of 2 h postchallenge glucose
levels (PC glucose). For a limited period (from February
1987 to July 1991), insulin and glucose levels from fasting
samples were measured. The insulin data from this limited
period formed the basis of this report. Insulin was meas-
ured using a solid-phase 125I-radioimmunoassay (Coat-A-
Count Insulin 1987, Diagnostic Products Corporation, Los
Angeles, CA, USA). The interassay and intra-assay coef-
ficients of variation were 5–7% and 3–5%, respectively.
The fasting insulin resistance index (FIRI) [15] is an alge-
braically simplified form of the Homeostasis Model An-
alysis for measuring insulin resistance [16]. FIRI is the
product of fasting insulin and fasting glucose levels. In
order to facilitate interpretation, FIRI was scaled to a mean
value of 1 by dividing by the sample mean value (63.3)
[15].

Exclusions

Of the NAS cohort of 2,280 males, 10 were lost to fol-
low-up, 389 had died and 422 had ceased to participate in
regular physical examinations (although they continued to
complete questionnaires) when insulin values were being
measured. Of the remaining 1,459 subjects, 1,223 were
examined during the relevant period and so were able to
contribute insulin data. One of these subjects was exclud-
ed because of missing baseline spirometry and 40 were
excluded because their baseline fasting and PC glucose
levels were consistent with diabetes (n=2) or impaired glu-
cose tolerance (n=38) according to standard criteria [17].
An additional 104 subjects with diabetes at follow-up (de-

fined as either a physician diagnosis of diabetes or using
antidiabetic medication) were excluded because treatment
would influence their insulin levels. Finally, 27 subjects
with one or more missing values from their baseline athro-
pometry or PC glucose records were excluded, leaving
1,050 subjects with all data required for the analysis.

The 1,130 subjects with missing insulin values were sig-
nificantly older (44.4 compared with 41.6 yrs, p=0.0001)
and more centrally obese (AC/HB 2.56 compared with 2.54,
p=0.016), and had lower FVC (4.76 compared with 4.95
L, p=0.0001) and FEV1 (3.77 compared with 3.94 L, p=
0.0001) at baseline, by unpaired t-test, when compared with
the 1,050 subjects with data available for analysis.

Analysis

SAS [18] (ver. 6.09) was used for all analyses. FVC,
FEV1 and MMEF at study entry were adjusted before
analysis because they are strongly influenced by age and
stature [19]. Residuals (predicted values subtracted from
observed values) from linear regression on age and height
were estimated for each subject. These are referred to as
adjusted FVC, adjusted FEV1 and adjusted MMEF.

The association between quintile of baseline ventilatory
function and mean follow-up FIRI and fasting insulin lev-
els was tested by analysis of variance (ANOVA). The
skewed distributions of fasting insulin and FIRI were sub-
stantially improved by a logarithmic transformation, so
log-transformed values were used for ANOVA.

Nonparametric criteria were used to define two indica-
tors of relative insulin resistance. Subjects in the top quin-
tile of the distribution of fasting insulin values were defined
as being relatively insulin resistant. The same procedure
was applied to FIRI values. The relative risk for each of
these two outcomes was modelled using logistic regres-
sion. Separate models for each of the three adjusted base-
line measures of ventilatory function were estimated, with
control for potential confounders measured at baseline in-
cluding age, life-time tobacco smoking (pack-years), re-
lative obesity (BMI) and fat distribution pattern (AC/HB).
Finally, since baseline insulin measures were not availa-
ble, baseline PC glucose was added to each model to
examine the effect of bias from glucose intolerance at the
time of spirometry.

Table 1.  –  Characteristics of the subjects by age and height-adjusted forced vital capacity (FVC) quintile at study entry
(Normative Aging Study, 1961–1991)

Characteristic Baseline adjusted FVC quintile (n=210 each) All combined
(n=1050)1 (lowest) 2 3 4 5 (highest)

Age  yrs
Body mass index  kg·m-2

AC/HB
Tobacco use  pack-yrs
FVC  L
Adjusted FVC*
FEV1  L
Adjusted FEV1*
MMEF  L·s-1

Adjusted MMEF*
Fasting insulin pmol·L-1+

FIRI+

41.6±7.8
25.9±2.8
2.57±0.14
19.0±18.4
4.23±0.55

-0.76±0.29
3.44±0.53

-0.54±0.36
2.30±0.69

-0.20±0.67
89.4±56.6
1.13±0.80

41.1±7.3
25.8±2.8
2.54±0.16
17.1±16.8
4.70±0.46

-0.28±0.09
3.76±0.46

-0.21±0.30
2.44±0.76

-0.07±0.73
87.0±55.8
1.11±0.80

41.4±7.6
25.4±2.51
2.54±0.15
15.1±18.8
4.95±0.46

-0.003±0.08
4.00±0.46
0.01±0.30
2.52±0.72
0.03±0.70
73.3±41.6
0.92±0.58

41.1±8.1
25.5±2.5
2.50±0.14
14.1±18.0
5.24±0.48
0.29±0.09
4.17±0.46
0.23±0.30
2.61±0.75
0.12±0.73
74.0±47.5
0.91±0.63

41.8±8.2
25.5±2.5
2.51±0.15
11.4±14.8
5.76±0.52
0.76±0.24
4.48±0.49
0.50±0.35
2.62±0.72
0.13±0.69
74.4±45.2
0.93±0.61

41.4±7.8
25.6±2.5
2.53±0.15
15.3±17.6
4.97±0.72

0.0±0.55
3.96±0.60

0.0±0.48
2.50±0.74

0.0±0.71
79.60±50.1
1.00±0.70

Data are mean±SD. +: at follow-up examination. All other values are from study entry examination. *: residuals (observed-predicted)
from linear regression on age and height. AC/HB: ratio of abdominal circumferences to hip breadth; FEV1: forced expiratory volume
in one second; MMEF: maximal mid-expiratory flow; FIRI: fasting insulin resistance index.
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Results

The mean interval between study entry examination and
insulin measurement was 20.9 yrs (SD=2.6). Age, height,
FVC, FEV1, MMEF, adjusted FVC, adjusted FEV1, ad-
justed MMEF, BMI, AC/HB and pack-years of smoking
at study entry, together with fasting insulin and FIRI at
follow-up, are shown in table 1, by adjusted FVC quintile
and for all subjects combined. The mean values for FIRI
and for fasting insulin were substantially elevated in the
lowest two quintiles of baseline FVC, suggesting that low-
er levels of ventilatory function at baseline were asso-
ciated with higher levels of insulin and insulin resistance
at follow-up, although this trend did not appear to be lin-
ear with increasing FVC. There were significant differ-
ences by ANOVA between quintiles of baseline adjusted
FVC for AC/HB (p<0.0001), pack-years (p<0.0001), fast-
ing insulin (p=0.0014) and FIRI (p=0.0009), but not for
age (p=0.64) or BMI (p=0.068). The patterns by quintile of
adjusted FEV1 and MMEF were very similar (not shown).
These results suggest that adjustment in any models may
be needed for potential confounders including smoking,
obesity and fat distribution pattern.

Given the pattern seen in table 1, subjects were defined
as being relatively insulin resistant if they were at or ab-
ove the cut-off point defining the top quintile of either
FIRI or fasting insulin. The lower limit of the top quintile
for fasting insulin was 114.8 pmol·L-1 (mean value for sub-
jects above this cut-off point was 162.1 pmol·L-1, SD 55.6).
Mean FIRI had been adjusted to be 1.0 for the whole sam-
ple and the lower limit of the top quintile was 1.37 (mean
value for subjects in the top quintile 2.08, SD 0.80). Table 2
summarizes the results of logistic regression models for
the development of relative insulin resistance as defined
by these cut-off points compared with all other subjects
who were below that cut-off point. The relative risks in
table 2 indicate that subjects with higher baseline adjusted
ventilatory function values were less likely to be relatively
insulin resistant by either criterion at follow-up.

When baseline PC glucose was added to the models
summarized in table 2 to test for confounding by pre-ex-
isting glucose intolerance, the relative risks on baseline FVC,
FEV1 and MMEF changed very little, as shown in table 3,
suggesting that this was not an important source of bias in
the findings.

Discussion

The risk of being relatively insulin resistant, as meas-
ured by either fasting insulin or FIRI level, was negatively
associated with baseline ventilatory function in a large group
of initially healthy males followed up for >20 yrs. Higher
mean FIRI and fasting insulin levels at follow-up were
found in subjects with lower baseline levels of FVC and
this pattern was statistically significant by ANOVA (table
1). When subjects in the highest quintile of FIRI and fast-
ing insulin were defined as having the outcome of interest
(relatively high insulin resistance), the risk of developing
insulin resistance over the follow-up period was higher for
subjects with lower FVC, FEV1 or MMEF at baseline,
after multivariable adjustment for baseline age, relative adi-
posity, a central pattern of fat distribution, PC glucose and
smoking in the logistic regression analyses summarized in
tables 2 and 3.

Specialized methods for measuring insulin resistance
are not practicable for large cohorts such as the one stud-
ied here [20]. Moderately high correlations (r=-0.68) have
been reported in euglycaemic subjects between fasting in-
sulin and whole body glucose uptake measured using the
euglycaemic hyperinsulinaemic clamp method [21]. The
FIRI has a good theoretical basis [16], but there has been
some controversy about its use [22, 23]. Although fasting
insulin or FIRI is not an ideal indicator of insulin resist-
ance, the authors are not aware of evidence that measure-
ment error in these measures is associated with ventilatory
function. If there is nondifferential measurement error in
the use of insulin values as indicators of insulin resistance,
these findings are likely to have been biased towards a
finding of no association and the analysis may have under-
estimated the true effect.

A substantial proportion of the NAS cohort did not have
their insulin levels measured during the short interval when
this was part of the NAS data collection. These males were
significantly older, had a more central pattern of fat dis-
tribution and had lower levels of baseline ventilatory func-
tion than the subjects who had their insulin levels measured.
The direction and strength of biases introduced by their
effective exclusion is unknown. Most of these subjects
had died or dropped out before insulin measurement, in
some cases, presumably owing to adverse cardiovascular

Table 2.  –  Summary of logistic regression models for
relatively high insulin resistance at follow-up, showing ad-
justed relative risks on baseline ventilatory function (Nor-
mative Aging Study, 1961–1991)

Predictor+ Fasting insulin FIRI
Risk* 95% CI p-value Risk* 95% CI p-value

FVC  L
FEV1  L
MMEF
  L·s-1

0.61
0.49
0.68

0.45–0.83
0.35–0.70
0.53–0.87

0.002
0.0001
0.002

0.56
0.45
0.65

0.42–0.75
0.32–0.63
0.51–0.83

0.0001
0.0001
0.0007

+: baseline value adjusted for age and height; *: relative risk
(adjusted for age, body mass index, ratio of abdominal circum-
ference to hip breadth and pack-yrs of smoking) for being in the
top quintile (compared with the lower four quintiles combined)
at follow-up. FIRI: fasting insulin resistance index; CI: confi-
dence interval; FVC: forced vital capacity; FEV1: forced expira-
tory volume in one second; MMEF: maximal mid-expiratory
flow.

Table 3.  –  Summary of logistic regression models for
relatively high insulin resistance at follow-up, showing ad-
justed relative risks on baseline ventilatory function with
additional adjustment for baseline postchallenge glucose
(Normative Aging Study, 1961–1991)

Predictor+ Fasting insulin FIRI
Risk* 95% CI p-value Risk* 95% CI p-value

FVC  L
FEV1  L
MMEF
  L·s-1

0.59
0.51
0.69

0.43–0.79
0.36–0.73
0.54–0.88

0.0005
0.0002
0.003

0.64
0.47
0.66

0.47–0.87
0.33–0.66
0.51–0.85

0.005
0.0001
0.001

+: baseline value adjusted for age and height; *: relative risk
(adjusted for age, body mass index, ratio of abdominal circum-
ference to hip breadth, post-challenge glucose levels and pack-
yrs of smoking) for being in the top quintile (compared with the
lower four quintiles combined) at follow-up. FIRI: fasting insu-
lin resistance index; CI: confidence interval; FVC: forced vital
capacity; FEV1: forced expiratory volume in one second; MMEF:
maximal mid-expiratory flow.
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outcomes. If adverse cardiovascular outcomes were asso-
ciated with insulin resistance and low baseline ventilatory
function, these exclusions may have resulted in a bias to-
wards a finding of no association.

The protocol used for spirometry at study entry was
developed before the now widely accepted recommenda-
tions by the American Thoracic Society were published
[24]. Baseline FVC and FEV1 values were adjusted for
age and height by regression within the sample, so any
systematic bias compared with more modern measure-
ment methods is unlikely to have influenced the findings.

No measures of physical activity were available at base-
line, so no adjustment could be made for this potential
confounder of the relationship between insulin resistance
and ventilatory function. Insulin measurements at baseline
were not available, so the possibility that baseline insulin
resistance has biased the results cannot be excluded. How-
ever, subjects with higher levels of baseline insulin resis-
tance would, presumably, be more likely to develop diabetes
during follow-up and thus be excluded from the analysis.
In addition, since frankly diabetic subjects at baseline were
excluded, higher levels of PC glucose would be expected
among the more insulin-resistant participants and adjust-
ment for baseline PC glucose would be expected to de-
crease the impact of any bias. The relative risks shown in
table 3 differ only slightly from those in table 1, suggest-
ing that bias from baseline insulin resistance has not sub-
stantially influenced the findings.

Insulin resistance is positively associated with age [25],
obesity [11] and a central pattern of body fat distribution
[26]. Ventilatory function is also associated with age, obe-
sity [19] and fat distribution [27–29]. Confounding from
these factors is not likely to be an explanation for the
present findings because the analyses were appropriately
adjusted.

Assuming the findings are valid, the task of explaining
why insulin resistance is more likely to develop among
subjects with decreased ventilatory function remains. Some
underlying common cause may be associated with both
decreased ventilatory function and the subsequent develop-
ment of insulin resistance. A number of lines of evidence
may prove worthy of further research.

Ventilatory function is partially determined by respira-
tory muscle strength. Although hand-grip strength is, at
best, a very indirect indicator of respiratory muscle strength,
lower levels of hand-grip strength have been found to pre-
dict the development of higher levels of fasting insulin in
the NAS [30], raising the possibility that the underlying
defect common to both impaired ventilatory function and
impaired grip strength lies in skeletal muscle. It has been
shown that the ability of insulin to increase skeletal blood
flow is impaired in obese, insulin-resistant subjects [31].
Since skeletal muscle is an important site for insulin-med-
iated glucose disposal, it is possible that impaired ventila-
tory function and decreased skeletal muscle strength are
both related to underlying changes in skeletal muscle that
precede the development of insulin resistance. Alternat-
ively, some underlying metabolic change that eventually
leads to insulin resistance may initially induce diminished
muscle strength and diminished ventilatory function.

In conclusion, nondiabetic subjects with decreased ven-
tilatory function were more likely to develop higher insu-
lin levels and insulin resistance. They would also be more
likely to develop a range of associated cardiovascular risk

factors because insulin resistance is associated with the dev-
elopment of noninsulin-dependent diabetes mellitus, ess-
ential hypertension and dyslipidaemia [11] and increased
insulin levels have been found to predict the risk of coro-
nary heart disease in prospective data [32]. Thus, the asso-
ciation of increased risk of mortality from coronary heart
disease in subjects with decreased baseline ventilatory func-
tion may be at least partially mediated by the development
of insulin resistance and hyperinsulinaemia.
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