Diabetologia (2004) 47:195-203
DOI 10.1007/s00125-003-1310-6

Diabetologia

Associations of measures of lung function with insulin resistance
and Type 2 diabetes: findings from the British Women’s Heart

and Health Study

D. A. Lawlor * S. Ebrahim - G. Davey Smith

Department of Social Medicine, University of Bristol, Bristol, UK

Abstract

Aims/hypothesis. The aim of this study was to assess
the associations of lung function with insulin resis-
tance and Type 2 diabetes.

Methods. We did a cross-sectional study of 3911
women who were 60 to 79 years old from 23 British
towns, assessing the association of measures of lung
function with insulin resistance (based on fasting insu-
lin and glucose concentrations) and Type 2 diabetes
(World Health Organisation diagnostic criteria).
Results. Forced expiratory volume in 1 second (FEV1)
and forced vital capacity (FVC) were inversely associ-
ated with insulin resistance and prevalence of Type 2
diabetes. In age-adjusted analyses, the homeostasis
model assessment (HOMA) score (insulin resistance)
decreased by 5% (95% CI: 2-7%) for a one standard
deviation increase in log FEV1 and by 8% (95% ClI:
6-10%) for a one standard deviation increase in log
FVC. With additional adjustment for height, smoking,

BMI, waist-to-hip ratio, physical activity, white cell
count, adult social class, childhood social class and
respiratory medication, these associations attenuated
to 3% (95% CI: 1 to 5%) and 5% (95% CI: 3 to 8%).
The fully adjusted odds ratio for diabetes prevalence
was 0.85 (95% CI: 0.74-0.98) for a one standard
deviation increase in log FEV1 and 0.80 (95% CI:
0.70-0.92) for a one standard deviation increase in log
FVC. Forced expiratory flow in the central period
of FVC was not associated with insulin resistance or
diabetes.

Conclusions/interpretation. Lung function measures
which predominantly reflect lung volume are inversely
associated with insulin resistance and Type 2 diabetes.
These associations could reflect childhood exposures
which affect lung growth and also programme insulin
resistance. [Diabetologia (2004) 47:195-203]
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Poor adult lung function is associated with reduced
survival and an increased risk for cardiovascular dis-
ease independently of smoking and other potential
confounding factors [1, 2, 3]. The association could,
in part, reflect an association between adverse early
life exposures which affect lung growth and develop-
ment and also programme adult disease [4, 5, 6, 7, 8,
9, 10]. Whether the association between early life
exposures and later adult cardiovascular disease is
driven by genetic or environmental factors, or both,
insulin resistance seems to be an important interme-
diary in this association [11, 12, 13, 14]. If the asso-
ciation between poor lung function and an increased
risk of cardiovascular disease is partly explained by
early life exposures which affect lung growth and in-
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sulin resistance, one would expect poor lung func-
tion to be associated with increased insulin resis-
tance [15].

Though several studies have found an association
between poor lung function and diabetes, fasting glu-
cose or insulin resistance [16, 17, 18, 19, 20, 21],
most included only a small number of participants,
and several did not include non-diabetic people for
appropriate comparisons [17, 19]. Furthermore, few
studies have assessed a range of lung function mea-
sures. If it is correct that early life factors which affect
lung growth also programme insulin resistance, one
would expect a specific association between measures
of lung function largely reflecting lung volume or size
and insulin resistance.

Our aim was to examine the association of lung
function with insulin resistance and Type 2 diabetes in
a large sample of post-menopausal women. Moreover,
we aimed to explain possible mechanisms for this as-
sociation by examining whether a specific association
with measures of lung size exists, and by controlling
for potential confounding or intermediary variables.

Subjects and methods

Participants

This is a cross-sectional examination of baseline data collected
for the British Women’s Heart and Health Study. Full details of
the selection of participants and measurements have been re-
ported [13, 22]. In brief, women between 60 and 79 years of
age were randomly selected from general practitioner lists in
23 British towns. A total of 4286 women (60% of the invited
7173) participated and baseline data (self-completed question-
naire, research nurse interview, physical examination and pri-
mary care medical record review) were collected between
April 1999 and March 2001. Local ethics committee approvals
were obtained.

Measurements

Lung function tests. Lung function tests were carried out using
a spirometer (Vitalograph spirometer, Vitalograph, Ennis, Co
Clare, Ireland) with an attached printout of forced vital capaci-
ty (FVC), forced expiratory volume in one second (FEV1) and
forced mid-expiratory flow rate (FEF25-75). FVC is the maxi-
mum volume of air expired during forced expiration and is pri-
marily an indicator of lung volume [23]. FEV1 is the volume
of air expired in the first second of forced expiration and is in-
fluenced by lung volume and airflow obstruction [23].
FEF25-75 measures forced expiratory flow rate during the
middle two quarters of forced expiration and is more sensitive
than FEV1 to airflow obstruction in the smaller peripheral air-
ways [23].

The spirometer was calibrated each day using a 1-1 syringe
and automated so that results were adjusted for ambient temper-
ature. For each assessment a research nurse demonstrated the
technique to the participant, after which the participants had the
opportunity to do some practice efforts. They were then re-
quired to perform a minimum of three reproducible FVC mea-
surements (within 5% of maximum FVC produced). The output
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which produced the highest sum of FVC and FEV1 was used in
the analyses. Women who could not perform three reproducible
measurements or who were unable to attempt the lung function
assessment were excluded from the study. All assessments were
carried out by one of five trained research nurses.

Insulin resistance and Type 2 diabetes. Blood samples were
taken after a minimum of 6 h of fasting (except for diabetic pa-
tients dependent on insulin) using evacuated tubes. Plasma
glucose was measured by Trinder’s glucose oxidase method
[24] using a Hitachi 747 and Hitachi Modular analyser (Hita-
chi, Kobe, Japan). Serum insulin was measured using an
ELISA assay which does not cross-react with proinsulin [25].
Insulin resistance was estimated according to the homeostasis
model assessment (HOMA) as the product of fasting glucose
(mmol/l) and insulin (uU/ml) divided by the constant 22.5
[26]. As HOMA scores are a less accurate reflection of insulin
resistance among older diabetic patients [27], we did not calcu-
late HOMA scores for women with diabetes. Thus, our study
assessed the associations between lung function and insulin
resistance (HOMA score) among non-diabetic persons, and
between lung function and diabetes prevalence in the whole
cohort.

Participants completed a questionnaire in which they were
asked if they had ever been diagnosed by a doctor as having
diabetes, and if so, the date of diagnosis and details of treat-
ment were requested. All participants’ primary care medical
records were reviewed and data extracted on diagnoses of dia-
betes, cardiovascular disease and cancers. A clinical diagnosis
of diabetes was defined as anyone with a self-report of a doc-
tor diagnosis or anyone identified from their medical records
as having diabetes (97% of those who fulfilled this criteria
were identified both by medical records and by self-report).
Type 2 diabetes was distinguished from Type 1 diabetes on the
basis of age at onset and insulin treatment. All women who
were diagnosed at an age younger than 30 years and who were
also using insulin were defined as having Type 1 diabetes.
Type 2 diabetes was defined according to WHO criteria for
epidemiological studies as any woman with a clinical diagno-
sis of Type 2 diabetes and/or with a fasting glucose concentra-
tion of more than or equal to 7 mmol/l [28].

Other variables. Total cholesterol, HDL cholesterol and tri-
glycerides were measured on frozen serum samples using a
Hitachi 747 analyser (Hitachi, Tokyo, Japan) and standard
reagents supplied by Roche diagnostics (Basel, Switzerland).
A Dinamap 1846SX vital sign monitor (GE Clinical Services,
Northampton, UK) was used to measure blood pressure by
standard procedures. Standing and sitting height were mea-
sured, without shoes, using a Harpenden stadiometer (Critikon
Service Center, Berkshire, UK) recording to the nearest milli-
meter. Trunk length was taken as the seated height minus the
height of the stool, and leg length as the total height minus
trunk length. Weight was measured in light clothing without
shoes to the nearest 0.1 kg using Soehnle portable scales (Cri-
tikon Service Center, Berkshire, UK). Waist circumference
was taken as the midpoint between the lower rib and the iliac
crest. Hip circumference was taken as the largest circumfer-
ence below the waist.

Details of physical activity and smoking history were ob-
tained by self-report from either the research nurse interview
or the self-completed questionnaire [22]. Adult social class
was defined on the basis of the longest held occupation of the
husband of married women, and the longest held occupation of
the woman herself for single women. Childhood social class
was defined on the basis of the longest held occupation of the
participant’s father. Adult and childhood social class were clas-



Associations of measures of lung function with insulin resistance and Type 2 diabetes 197

sified according to the Registrar General’s classification [29].
At the research nurse interview all participants brought their
current medications and a detailed drugs history was undertak-
en. Participants were coded as taking ‘respiratory medications’
if they were currently using any bronchodilator or steroid
medications (listed in sections 3.1-3.3 of the British National
Formulary: http://www.bnf.org/).

Statistical analysis

Analysis of variance was used to assess any variation in lung
function measurements caused by patients having different
nurses. Pearson’s correlation coefficients were used to assess
the associations between different measures of lung function
among women who had never smoked and among those who
were current or former smokers. To assess the direction and
shape of any associations between lung function and insulin
resistance, Type 2 diabetes, components of the insulin resis-
tance syndrome and potential confounding factors, quarters of
the lung function measures were used. Age-adjusted means
and prevalences, and 95% CI of each variable were estimated
for these quarters using linear and logistic regression models
with adjustment for an age variable which was based on the
mean value of age in the whole cohort.

Multiple linear regression was used to assess the associa-
tions of each measure of lung function with insulin resistance
(HOMA score) and other continuous components of the insulin
resistance syndrome (HDL cholesterol, triglyceride concentra-
tions, systolic blood pressure). In the basic models, adjustment
was made for the examining nurse (included as a dummy vari-
able), age (continuous variable) and height squared. The
square of height was used because, in a detailed study of the
association between stature and lung function, it was conclud-
ed that a proportional model best described the association
[30]. Our fully adjusted model included all potential confound-
ing factors (smoking, BMI, WHR, white cell count, physical
activity, adult social class, childhood social class and respirato-
ry medication) in addition to nurse, age and height squared. A
similar series of multiple logistic regression models were un-
dertaken to assess the association between measures of lung
function and Type 2 diabetes.

Of the 3911 women with adequate measures of lung func-
tion, 363 could not be assigned an adult social class and 469
could not be assigned a childhood social class because they
did not provide data on occupation. Although the participants
were not specifically asked about unemployment, these wom-
en are likely to have been married to unemployed men (for
those with missing adult data) or to have had fathers who
were unemployed (for those with missing childhood data).
This is consistent with findings that women without these data
on social class are more likely to smoke, more likely to be
obese, are shorter and more likely to have prevalent coronary
heart disease than cohort members who provided these data
[14]. In the main analysis, women with missing social class
data were allocated to social class V, the most deprived group.
A sensitivity analysis was conducted, in which these women
were excluded from the analysis. The results did not differ
substantively from the main analyses and have not been pre-
sented in this paper. Because of the strong association be-
tween smoking and lung function, simple adjustment for
smoking in regression models could be insufficient to account
for its potential confounding effects. As a result the associa-
tions of lung function with insulin resistance and Type 2 dia-
betes were assessed in a subgroup of women who were life-
long non-smokers as well as being either single or partnered
with life-long non-smokers.

Leg length is a specific biomarker of early life environmen-
tal exposures which affect growth, and leg length is specifical-
ly associated with insulin resistance [13, 31]. To investigate
the combined effects of lung function and leg length on insulin
resistance we included measures of both in the regression mod-
els. Likelihood ratio tests were used to assess the statistical
significance of the interaction terms in these models. The au-
thors do not consider an arbitrary p value of p=0.05 to be use-
ful. Actual p values are presented in the Results.

Lung function measurements, HOMA scores and triglyce-
ride concentrations were positively skewed; geometric means
are shown and the natural log of the values was used in the re-
gression models. In analyses in which HOMA scores and tri-
glyceride concentrations were the outcome, the resultant re-
gression coefficients were back-transformed to give a ratio of
geometric means. From this we calculated a proportional per
unit change in lung function measure. In all analyses robust
confidence intervals were estimated which take into account
the clustering between participants from the same towns.

Study ethics

United Kingdom local ethics committee approvals were ob-
tained for the British Women’s Heart and Health Study. All
participants included in this study gave written informed con-
sent for their primary care medical records to be reviewed.

Results

Cohort characteristics. Compared to responders
(n=4286), non-responders (n=2887) were older (mean
age 70.2 years vs 68.9 years, p<0.001) and had a high-
er prevalence of diabetes recorded in their primary
care medical records (4.8% vs 7.7%, p<0.001). The
prevalence of coronary heart disease and cancer
was similar between responders and non-responders
(p>0.3 for all). Of the 4286 participants, 3911 (91%)
completed adequate lung function measures. Those
who were unable to complete adequate measures were
older (mean age + SD: 69.8+5.7 years vs 68.8+5.5
years, p=0.001) and more likely to have ever been
smokers (61.7%, 95% CI: 56.6—-66.6% vs 53.5%, 95%
CI: 52.0-55.1%, p=0.003). The geometric mean of
HOMA scores (1.67, 95% CI: 1.45-1.96 vs 1.66, 95%
CI: 1.63-1.70, p=0.85) and the prevalence of diabetes
(9.8%, 95% CI: 8.9-10.8% vs 11.8%, 95% CI:
5.8-21.9%, p=0.45) did not differ between those with
and without adequate lung function tests.

All further analyses were conducted only on the
3911 women with lung function measures. There was
evidence of variation in lung function assessments car-
ried out by the different nurses (ANOVA for difference
in means, p=0.05 for FEV1, p=0.08 for FVC and
p=0.09 for FEF25-75). All lung function measures
have therefore been adjusted for examining nurse, by
including examining nurse as a dummy variable in
all analyses. The geometric mean of HOMA scores
among the 3911 women included in this study was 1.67
(95% CI: 1.64-1.71) and the prevalence of WHO-de-
fined Type 2 diabetes was 9.8% (95% CI: 8.9-10.8%).
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Table 1. Pearson’s correlation coefficients (95% CI) between measures of lung function among life-long non-smokers and current
or former smokers

Log FEV1 Log FVC Log FEF25-75
Log FEVI 1 NA NA
Log FVC Life-long non-smokers 0.86 (0.85-0.87) 1 NA
Current or former smokers 0.86 (0.85-0.87)
Log FEF25-75 Life-long non-smokers 0.68 (0.66-0.70) 0.30 (0.30-0.38) 1

Current or former smokers 0.77 (0.77-0.81) 0.45 (0.41-0.49)

FEV1, forced expiratory volume in one second; FVC, forced vital capacity; FEF25-75, forced expiratory flow rate in mid-phase of
expiration; NA, not applicable

Table 2. Age-adjusted and multivariable associations of measures of lung function with insulin resistance, components of the insu-

lin resistance syndrome and diabetes among all participants irrespective of smoking status

Number? Changeb adjusted for nurse, Fully® adjusted change®
age and height squared (95% CI) (95% CI)

Exposure = 1 standard deviation log FEV1
HOMA score among non-diabetics only 3185 —5% (=7 to —2%) —3% (-5 to —1%)
Diabetes prevalence 3632 0.81 (0.73 t0 0.91) 0.85 (0.74 t0 0.98)
HDLc 3626 0.01 (=0.01 to 0.03) —0.01 (-0.03 to 0.01)
Triglycerides 3626 —2% (-3 to —1%) 0% (-1 to 2%)
Systolic blood pressure 3632 —1.01 (-1.91 to -0.11) —1.06 (=2.04 to —0.08)
Exposure = 1 standard deviation log FVC
HOMA score among non-diabetics only 3185 —8% (—11 to —6%) —5% (-8 to —3%)
Diabetes prevalence 3632 0.72 (0.63 to 0.81) 0.80 (0.70 t0 0.92)
HDLc 3626 0.03 (0.02 to 0.05) 0.02 (0.01 to 0.04)
Triglycerides 3626 —5% (=7 to =3%) —3% (-4 to —1%)
Systolic blood pressure 3632 —1.05 (-=1.96 to —0.15) —0.89 (-1.85 t0 0.02)
Exposure = 1 standard deviation log FEF25-75
HOMA score among non-diabetics only 3185 —1% (-3 to 2%) 0% (-2 to 2%)
Diabetes prevalence 3632 0.93 (0.83 to 1.04) 0.93 (0.83 to 1.05)
HDLc 3626 0.01 (—0.01 to 0.03) 0.01 (-0.01 to 0.02)
Triglycerides 3626 1% (-1 to 3%) 2% (-1 to 3%)
Systolic blood pressure 3632 —0.64 (—1.47 t0 0.19) —0.91 (-1.80 to —0.02)

aNumber with complete data on all variables included in fully
adjusted model

bChange = regression coefficients [absolute difference for
HDLc and systolic blood pressure and proportionate (%) change
for HOMA score and triglycerides] for continuous variables and
odds ratio for diabetes prevalence for a one standard deviation
increase in log FEV1, log FVC and log FEF25-75

One standard deviation of log FEV1=0.29, one standard de-
viation of log FVC=0.25, one standard deviation of log
FEF25-75=0.55

Table 1 shows the correlation matrix for the associ-
ations of different measures of lung function among
women who had never smoked and among those
who were current or former smokers. Log FEV1 and
log FVC were strongly correlated, and the magnitude
of this association was similar in smokers and non-
smokers. Log FEV1 was also correlated with log
FEF25-75; the magnitude of this association was
greater among smokers than among non-smokers (dif-
ference, p<0.001). Log FEF25-75 was weakly corre-

¢Fully adjusted = adjusted for examining nurse, age, height
squared, smoking, physical activity, BMI, WHR, white cell
count, respiratory medication, adult social class, childhood
social class

FEV1, forced expiratory volume in one second; FVC, forced
vital capacity; FEF25-75, forced expiratory flow rate in mid-
phase of expiration; HDLc, HDL cholesterol, HOMA, homeo-
stasis model assessment

lated with log FVC, and this correlation was also
greater in smokers than in non-smokers (p<0.001).

Associations of lung function with insulin resistance
and diabetes. There was a linear inverse association of
FEV1 with HOMA score, Type 2 diabetes prevalence,
triglyceride concentrations and systolic blood pres-
sure. Mean HDL cholesterol was highest in women in
the highest quarter of FEV1 measures but was not lin-
early associated with FEV1 across the distribution.
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Table 3. Age-adjusted and multivariable associations of mea-
sures of lung function with insulin resistance, components of
the insulin resistance syndrome and diabetes among women

who were life-long non-smokers and were either single or had
partners who were life-long non-smokers

Number? Changeb adjusted for nurse, Fully® adjusted changeb
age and height squared (95% CI) (95% CI)

Exposure = 1 standard deviation log FEV 1
HOMA score among non-diabetics only 1486 —6% (—11 to —2%) —3% (=7 to 0%)
Diabetes prevalence 1678 0.78 (0.64 to 0.95) 0.82 (0.65 to 1.00)
HDLc 1677 0.03 (0.00 to 0.05) 0.02 (-0.01 to 0.04)
Triglycerides 1677 —2% (-5 to 0%) —1% (-1 to 2%)
Systolic blood pressure 1685 —0.64 (-2.12 t0 0.83) —0.30 (-1.83 to 1.24)
Exposure = 1 standard deviation log FVC
HOMA score among non-diabetics only 1486 —9% (—13 to —5%) —5% (-8 to —2%)
Diabetes prevalence 3632 0.69 (0.57 to 0.82) 0.76 (0.61 to 0.93)
HDLc 1677 0.04 (0.01 to 0.06) 0.02 (0.00 to 0.04)
Triglycerides 1677 —5% (—8 to —3%) —3% (=5 to —1%)
Systolic blood pressure 1685 —0.61 (-1.96 to 0.74) —0.16 (=1.57 to 1.24)
Exposure = 1 standard deviation log FEF25-75
HOMA score among non-diabetics only 1486 0% (=5 to 3%) 0% (-4 to 2%)
Diabetes prevalence 3632 0.95(0.79 to 1.14) 0.93 (0.76 to 1.13)
HDLc 1677 0.02 (-0.01 to 0.04) 0.03 (0.00 to 0.05)
Triglycerides 1677 1% (-1 to 4%) 1% (-2 to 3%)
Systolic blood pressure 1685 —0.29 (-1.62 to 1.04) —0.30 (-1.65 to 1.06)

2 Number with complete data on all variables included in fully
adjusted model

bChange = regression coefficients [absolute difference for
HDLc and systolic blood pressure and proportionate (%)
change for HOMA score and triglycerides] for continuous vari-
ables and odds ratio for diabetes prevalence for a one standard
deviation increase in log FEV1, log FVC and log FEF25-75
One standard deviation of log FEV1=0.29, one standard de-
viation of log FVC=0.25, one standard deviation of log
FEF25-75=0.55

Similarly, FVC was linearly and inversely associated
with HOMA scores, diabetes prevalence, triglycerides
and systolic blood pressure. The magnitude of the as-
sociation of FVC with HOMA scores and diabetes
was greater than those of FEV1 with HOMA scores
and diabetes (difference for association with HOMA,
p=0.07; difference for association with diabetes
p=0.02). There was only a weak inverse association of
FEF25-75 with HOMA scores and diabetes.

Table 2 shows the multivariable associations of
each measure of lung function with insulin resistance
(HOMA scores), Type 2 diabetes prevalence and com-
ponents of the insulin resistance syndrome. In this ta-
ble the simpler model with adjustment for age, exam-
ining nurse and height is compared with the fully ad-
justed model. Both models included only those partic-
ipants who had complete data on all variables includ-
ed in the fully adjusted model. There were small num-
bers of women with missing data for different vari-
ables (<2% for any one variable). In total just over
3600 of the 3911 women with lung function data had
complete data on all variables included in the fully ad-
justed model. Those with complete data did not differ

¢Fully adjusted = adjusted for examining nurse, age, height
squared, physical activity, BMI, WHR, white cell count, respi-
ratory medication, adult social class, childhood social class
FEV1, forced expiratory volume in one second; FVC, forced
vital capacity; FEF25-75, forced expiratory flow rate in mid-
phase of expiration; HDLc, HDL cholesterol, HOMA, homeo-
stasis model assessment

from those without complete data with respect to age
or any measures of lung function (p>0.5 for all). With
full adjustment for all potential confounding factors,
the decrease in HOMA score for a one standard devia-
tion increase in log FEV1, adjusted for age, height and
examining nurse, attenuated from 5% (95% CI: 2-7%)
to 3% (95% CI: 1-5%) and the odds ratio of diabetes
prevalence decreased from 0.79 (95% CI: 0.71-0.88)
to 0.85 (95% CI: 0.74-0.98). Both, however, remained
inversely associated. Similarly, for a one standard de-
viation increase in log FVC with full adjustment for
all potential confounding factors, HOMA score de-
creased by 5% (95% CI: 3-8%) and the odds ratio for
diabetes prevalence was 0.80 (95% CI: 0.70 to 0.92).
In the fully adjusted models, FEV1 remained inverse-
ly associated with systolic blood pressure but not with
other components of the insulin resistance syndrome.
FVC was inversely associated with triglyceride con-
centrations and positively associated with HDL cho-
lesterol concentrations in the fully adjusted models.
It also showed a moderate inverse association with
systolic blood pressure. The variable FEF25-75 also
showed a moderate inverse association with systolic
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blood pressure, but was not associated with any other
components of the insulin resistance syndrome.

Associations of lung function with insulin resistance
and diabetes among life-long non-smokers. Among
the 3911 women, 1817 (46%) were life-long non-
smokers and were either single or partnered to indi-
viduals who were also life-long non-smokers. All
measures of lung function were greater among these
women. The geometric means of FEVI1, FVC and
FEF25-75 among women who were unexposed to
smoking were 1.99 (95% CI: 1.96-2.01), 2.78 (95%
CI: 2.75-2.81) and 1.39 (95% CI: 1.36-1.43) respec-
tively. Among women who were current or former
smokers, the values were 1.83 (95% CI: 1.80-1.85),
2.66 (95% CI: 2.63-2.69) and 1.16 (95% CI:
1.13-1.18) respectively (all differences, p<0.001). Ta-
ble 3 shows the associations of measures of lung func-
tion with insulin resistance, diabetes and components
of the insulin resistance syndrome among this sub-
group of women with little or no life-long exposure to
cigarette smoke. For most outcomes these results were
not substantively different to those presented in Ta-
ble 2 for the whole cohort. In particular, the inverse
associations of FEV1 and FVC with insulin resistance
and diabetes prevalence were the same in women who
were not exposed to cigarette smoke as in the whole
cohort. The inverse associations between each mea-
sure of lung function and systolic blood pressure seen
in the entire cohort were all considerably weaker
among the subgroup of women who were not exposed
to cigarette smoke, suggesting that these associations
were confounded by smoking.

The effect of birthweight on the associations of lung
function with insulin resistance and diabetes. Of the
3911 women with lung function measurements, 1279
(33%) provided self-reported details of their birth-
weight. Women who provided birthweight data were
younger than those who did not provide these data
(mean age + SD, 67.8+£5.4 vs 69.3+£5.5, p<0.001) but
there was no substantive difference in age-adjusted
means of HOMA score or prevalence of diabetes be-
tween these two groups (p>0.5 for both). Age-adjust-
ed lung function measurements were better among
women providing these data [age-adjusted mean
FEV1 among those with these data 2.00 (95% CI:
1.98-2.04) vs 1.96 (95% CI: 1.94-1.97) than among
those without these data, p=0.001]. Among this sub-
group of women with self-reported birthweight, the
age and confounder-adjusted (as in final column of
Table 2) change in HOMA score for a one standard
deviation increase in log FEV1 was —2% (=7 to 1%)
and that for a one standard deviation increase in log
FVC was =7% (—11 to —=3%). With additional adjust-
ment for self-reported birthweight, these values were
essentially unaltered: —3% (=7 to 1%) for FEV1 and
—8% (—12 to —3%) for FVC. Similarly, among this
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subgroup of women, the age and confounder-adjust-
ed odds ratio for Type 2 diabetes for a one standard
deviation increase in FEV1 was 0.78 (95% CI: 0.63
to 0.96) and that for a one standard deviation in-
crease in FVC was 0.77 (95% CI: 0.61 to 0.96). With
additional adjustment for birthweight, these associa-
tions were essentially unaltered: 0.78 (95% CI:
0.63-0.96) for FEV1 and 0.77 (95% CI: 0.61-0.96)
for FVC.

Combined effects of lung function and components of
adult height. Both leg length and trunk length were
positively associated with lung function. Lung func-
tion (FVC and FEV1) and leg length were both inde-
pendently associated with insulin resistance and dia-
betes. When both were included in the same regres-
sion model (together with age and examining nurse),
HOMA scores decreased by 7% (95% CI: 4-9%) for
each increase in standard deviation of log FVC and by
3% (95% CI: 1-6%) for each increase of one standard
deviation of leg length. For the combination of FEV1
and leg length, HOMA scores decreased by 4% (95%
CI: 1-6%) for each standard deviation increase in log
FEV1, and by 4% (95% CI: 2-7%) for each standard
deviation increase in leg length. For FVC and FEV1,
better lung function and greater leg length combined
additively to decrease insulin resistance (interaction in
model with FVC and leg length, p=0.68; interaction in
model with FEV1 and leg length, p=0.32). Similarly,
lung function and leg length were independently asso-
ciated with decreased odds of diabetes, and combined
multiplicatively with no strong statistical evidence of
an interaction. With adjustment for trunk length, the
inverse associations of lung function with insulin re-
sistance and Type 2 diabetes remained, but they were
slightly attenuated. Trunk length was not independent-
ly associated with insulin resistance and diabetes
when measures of lung function were included in the
regression models.

Discussion

The main findings of our study were that FEV1 and
FVC are inversely associated with insulin resistance
and with Type 2 diabetes. These associations were
still evident after adjustment for important adult con-
founding factors, and were also similar in a group of
women with little or no lifetime exposure to cigarette
smoke. FEF25-75 was not associated with insulin re-
sistance or Type 2 diabetes.

Our response rate (60%) was moderate but consis-
tent with other contemporary large epidemiological
surveys [32]. Respondents were slightly younger than
non-respondents and less likely to have had a primary
care medical record of diabetes. If our cohort is
healthier than the general population of older women,
it is possible that our estimates of the associations pre-
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sented are diluted. They would only be exaggerated
if the associations were in the opposite direction
or markedly weaker among non-responders, which
seems unlikely. Our study is cross sectional and a po-
tential limitation is survivor bias. This would only
lead to results that exaggerate the true effect, if poor
lung function were associated with increased insulin
resistance and diabetes and also increased survival,
which seems unlikely. Reverse causality could also be
a problem. It is conceivable that people who become
ill with diabetes reduce their physical activity and be-
come more obese with consequent reduction in lung
function. However, the association with diabetes was
independent of physical activity and obesity. The in-
verse association with insulin resistance in non-diabet-
ic women (who are likely to be largely asymptomatic)
also suggests that this is an unlikely explanation of the
association. In addition, our findings are consistent
with smaller, but prospective, studies [15, 18, 20, 15,
21].

For birthweight we used self-reported data, which
could be inaccurate. However, self-reported birth-
weight is strongly correlated with hospital records
among middle-aged and older women [33]. Women in
our study were born between 1919 and 1940 and the
mean self-reported birthweight for these women was
3.28 kg (SD+0.80) which is consistent with hospital
records of women born between 1923 and 1930 in
Hertfordshire, England (3.42 kg) [34], and also with
women in the 1946 British cohort (3.32 kg,
SD+0.49—data provided by Prof. D. Kuh). Any mis-
classification bias is likely to have been non-differen-
tial and will therefore have diluted any effect of birth-
weight on the associations presented. Only one-third
of the participants provided birthweight data and these
tended to be younger than those without these data.
However, the age-adjusted distributions of insulin re-
sistance and diabetes did not differ between those with
and without birthweight data.

We have assessed the associations of three different
measures of lung function with insulin resistance and
Type 2 diabetes. FVC largely reflects lung volume,
whereas FEV1 is influenced by airway flow obstruc-
tion and lung volume. FEF25-75 is a more sensitive
indicator of peripheral airway obstruction [23]. In the
general population, most people with marked impair-
ment of FEV1 have airway obstruction [35] and this
has, to some extent, resulted in a common perception
that low FEV1 is predominantly an indicator of air-
flow obstruction. In reality this is probably only so for
the extreme low end of the FEV1 distribution, with
FEV1 in general being a reflection of lung volume
[23, 36]. The finding in our study that the correlations
between FEV1 and FEF25-75 and between FVC and
FEF25-75 are stronger among women who had
smoked at some time than among those who had never
smoked supports this assertion. This is because smok-
ers are highly likely to have seriously diseased lungs,

with restriction of peripheral airway flow and lung
volume, and all measures of lung function reflecting
this generally reduced lung capacity. Among non-
smokers, lung volume and peripheral airway obstruc-
tion are more discrete entities. Thus, our results sug-
gest that the factors associated specifically with lung
volume are inversely associated with insulin resis-
tance and diabetes.

The persistent associations of FVC and FEV1
with insulin resistance and Type 2 diabetes among a
group of women with little or no exposure to smok-
ing in their lives suggests that the association is not a
reflection of the detrimental effect of smoking on di-
abetes [37]. We have also shown that the associa-
tions do not appear to be due to known adult risk fac-
tors linking poor lung function to insulin resistance
and diabetes, nor do they appear to be due to the
known association of low birthweight with lung
function and insulin resistance. We propose that the
association is, at least in part, explained by early life
factors which affect lung growth and programme in-
sulin resistance. This suggestion is supported by the
specific association of measures of lung volume with
insulin resistance and diabetes, and by the exclusion
of other plausible explanations. It is also supported
by recent findings of a prospective study which
found that when adults with Type 2 diabetes were
compared with non-diabetic adults they had consis-
tently poorer lung function, but that the rate of de-
cline in lung function with increasing age was simi-
lar in both groups [38, 39].

We also found an association between adult leg
length and measures of lung function. Whilst a direct
association between trunk length and lung volume is
to be expected, a direct association between leg length
and measures of lung volume is harder to explain. As
leg length and trunk length are only weakly correlated
with each other [13, 31] (Pearson’s correlation coeffi-
cient = 0.26 in this study), the association between leg
length and lung function is unlikely to simply reflect
the association between trunk length and lung func-
tion measures. It is possible that the association be-
tween leg length and lung function is explained by
early life factors affecting lung and leg growth. How-
ever, we found that leg length and lung function had
independent effects on insulin resistance and diabetes,
which could be explained by different early life fac-
tors, all of which affect insulin resistance but which
also have differential effects on skeletal and lung
growth.

Our results suggest that early life exposures which
influence lung growth also programme insulin resis-
tance. If our suggestions are correct, they emphasise
the importance of early life exposures in the develop-
ment of insulin resistance and the need for pro-
grammes aimed at improving child health for the pre-
vention of insulin resistance and its associated compli-
cations.
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