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Abstract

Background: Diabetes mellitus and its complications are a large and increasing burden for health care worldwide.
Reduced pulmonary function has been observed in diabetes (both type 1 and type 2), and this reduction is thought
to occur prior to diagnosis. Other measures of pulmonary health are associated with diabetes, including lower
exercise tolerance, greater dyspnea, lower quality of life (as measured by the St. George’s Respiratory Questionaire
[SGRQ]) and susceptibility to lung infection and these measures may also predate diabetes diagnosis.
Methods: We examined 7080 participants in the COPD Genetic Epidemiology (COPDGene) study who did not
report diabetes at their baseline visit and who provided health status updates during 4.2 years of longitudinal
follow-up (LFU). We used Cox proportional hazards modeling, censoring participants at final LFU contact, reported
mortality or report of incident diabetes to model predictors of diabetes. These models were constructed using
known risk factors as well as proposed markers related to pulmonary health, forced expiratory volume in 1 second
(FEV1), forced vital capacity (FVC), FEV1/FVC, respiratory exacerbations (RE), 6-minute walk distance (6MWD),
pulmonary associated quality of life (as measured by the SGRQ), corticosteroid use, chronic bronchitis and dyspnea.
Results: Over 21,519 person years of follow-up, 392 of 7080 participants reported incident diabetes which was
associated with expected predictors; increased body mass index (BMI), high blood pressure, high cholesterol
and current smoking status. Age, gender and accumulated smoking exposure were not associated with incident
diabetes. Additionally, preserved ratio with impaired spirometry (PRISm) pattern pulmonary function, reduced
6MWD and any report of serious pulmonary events were associated with incident diabetes.
Conclusions: This cluster of pulmonary indicators may aid clinicians in identifying and treating patients with
pre- or undiagnosed diabetes.
Abbreviations: COPD Genetic Epidemiology, COPDGene; longitudinal follow-up, LFU; forced expiratory volume in 1 second, FEV1; forced
vital capacity, FVC; respiratory exacerbations, RE; 6-minute walk distance, 6MWD; body mass index, BMI; preserved ratio with impaired
spirometry, PRISm; airway surface liquid, ASL; modified Medical Research Council, mMRC; acute exacerbation of COPD, AECOPD; hazard
ratio, HR; confidence interval, CI; odds ratio, OR
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potential diabetes risk factors include reduced measures
of pulmonary function (forced expiratory volume in 1
second [FEV1], forced vital capacity [FVC] and their
ratio), reduced 6-minute walk distance (6MWD), poor
pulmonary associated quality of life measured by SGRQ,
increased modified Medical Research Council (mMRC)
dyspnea scale, chronic bronchitis, chronic obstructive
pulmonary disease (COPD) and reported respiratory
infection.

Methods
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Background
Diabetes and its complications are a large and increasing
burden for health care worldwide. Reduced pulmonary
function has been observed in type 2 diabetes1-5 and
this reduction is thought to occur prior to diagnosis.6-9
Other measures of pulmonary health are associated with
diabetes, including lower exercise tolerance,10 greater
dyspnea and lower pulmonary associated quality of
life (as measured by the St. George’s Respiratory
Questionaire [SGRQ])11 and these measures may
also predate diabetes diagnosis. Hyperglycemia has
been shown to increase glucose in airway surface
liquid (ASL)12 promoting bacterial growth13 which
may lead to increased pulmonary associated adverse
events.14,15 These events can result in emergency room
visits or hospitalizations and poor outcomes of those
hospitalizations.16 Hyperglycemia can also reduce
the effectiveness of the innate immune system of the
lung by reducing surfactant protein-D17 which may be
associated with lung infection and reduced diffusing
lung capacity.18,19 Smoking has also been shown to
be an independent predictor of type 2 diabetes20 and
quitting smoking has been shown to reduce the risk of
metabolic syndrome.21 Pulmonary risk factors beyond
smoking such as reduced pulmonary function, reduced
exercise capacity, increased dyspnea and increased
propensity for lung infection may be associated with the
development of diabetes.
This study used data collected at the baseline visit
and during longitudinal follow-up of a large cohort
of smokers (>10 pack years smoking history) from
the Genetic Epidemiology of Chronic Obstructive
Pulmonary Disease (COPDGene) study to investigate
factors preceding diabetes diagnosis. Known diabetes
risk factors include obesity, male gender, increased
age, hypertension, high cholesterol and steroid use and

The COPDGene study has been described in detail
elsewhere.22 Briefly, COPDGene is a case control study
designed to identify genetic risk factors for COPD in
a biracial population of non-Hispanic white (~2/3)
and African American (~1/3) smokers (current and
former) with at least 10 pack years history of cigarette
use. COPDGene participants were between 45 and 80
years old at initial contact, spanning COPD disease
severity as measured by the Global initiative for chronic
Obstructive Lung Disease (GOLD) criteria23 and
include 10,192 participants from 21 clinical centers.
COPDGene includes a longitudinal follow-up (LFU)
component that collects data on participants once every
6 months using telephony and web-based surveys,24
this study uses data from the 21/October/2013 LFU
dataset. This study presents results from the baseline
visit and follow-up surveys capturing events and new
comorbidities in 7080 participants who responded for
each of the analysis variables and who did not report past
physician diagnosis of diabetes or diabetes-associated
medications (biguanides, thiazolidinediones and other
drugs used to treat type 2 diabetes) at the baseline
visit. Follow-up surveys in this group were queried for
a new physician report of diabetes using the question
“Have you been diagnosed with diabetes by a doctor?”
and a new report of diabetes was considered an event
(incident diabetes diagnosis) for this analysis.
Pulmonary function, FEV1, FVC and FEV1/FVC, were
measured post-bronchodilator (albuterol) using the ndd
EasyOne™ Spirometer and all tests were performed
according to guidelines published by the American
Thoracic Society.25 FEV1% predicted and FVC%
predicted were used in models that did not include sex or
ethnicity as these covariates are included in the sex and
race-specific prediction equations.26 Quality of life was
measured using the SGRQ which was obtained through
participant self-report and overall and sub-scores were
calculated using the appropriate standard protocol.27
The mMRC scale was obtained from the COPDGene
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questionnaire. Smoking exposure (current versus
former), smoking intensity (pack years), medication use,
high cholesterol and high blood pressure were obtained
through participant self-report.
Respiratory exacerbations in COPD patients are
referred to as acute exacerbation of COPD (AECOPD)
and represents a worsening of symptoms of COPD that
require alteration of medications or hospitalization. As
AECOPD is specific to patients with COPD we will use
the more general term respiratory exacerbations to refer
to lung infections in participants without COPD as well
as AECOPD in participants with COPD. Respiratory
exacerbations were captured as part of the telephony
interview using a series of questions capturing both
changes in symptomatology and management change;
• “Since we last talked have you had an episode of
increased cough and phlegm or shortness of breath,
which lasted 48 hours or more?
• Did you receive a new antibiotic?
• Did you receive any steroids either by pill or injection?
• Did you go urgently to your doctor’s office?
• Did you go to an emergency room?
• Were you hospitalized?”
Respiratory exacerbation was recorded as Yes if
the participant answered positively to receiving an
antibiotic, steroid, urgent doctor’s visit, emergency
room visit or hospitalization after reporting changes in
symptomatology at any LFU contact for this analysis.
Statistical analyses were performed using the SAS
system version 9.3 (Copyright (c) 2002-2008 by SAS
Institute Inc., Cary, North Carolina). We analyzed
categorical data using χ2 test for overall effects and
by category using Kruskal-Wallis and continuous
data using t tests (for normally distributed data)
and transformed non-normally distributed data as
appropriate and we considered a two-sided p value
of α<0.05 to be statistically significant. Models were
constructed using Cox Proportional Hazards models
with time to event recorded as the time from the
baseline visit until a physician diagnosis of diabetes,
most recent contact via telephony or censoring due to
all-cause mortality reported at the time of analysis. As
a first step, a base model of incident diabetes diagnosis
including known risk factors was fitted (sex, age, body
mass index [BMI], smoking exposure, high cholesterol
and high blood pressure) and these variables were
retained in subsequent models. Additional pulmonary
factors were added individually to this model to assess
model improvement (FEV1%, FVC%, FEV1/FVC, SAE,

chronic bronchitis, 6MWD, mMRC dyspnea score,
corticosteroid use and GOLD category). Model fit was
assessed comparing the reduction in -2 Log Likelihood
with the addition of a pulmonary covariate distributed
as chi-square with degrees of freedom contingent on the
variable included.
Individuals who do not meet the GOLD criteria
for COPD (FEV1/FVC<0.7) but who have impaired
spirometry (FEV1<80%) are referred to as having
preserved ratio with impaired spirometry (PRISm).28
All participants were placed into one of 3 categories;
COPD (GOLD I-IV), PRISm or Control which includes
all participants with neither COPD nor PRISm. FEV1%
and FVC% are strongly collinear (Pearson Rho=0.79,
p>=0.0001) and diabetes has been shown to have a
stronger effect on FVC% than on FEV1%.5,11 We chose
to exclude both FEV1% and FVC% from the stepwise
selection that was used to assess the most parsimonious
model of incident diabetes and instead undertook
stepwise models including either FVC% or FEV1%
separately.

Results
Incident diabetes was reported in 392 of 7080
participants during 21,519 person years of followup (mean follow-up time, 4.2 years). A total of 251
participants died and 15 participants’ died after a report
of incident diabetes. These participants follow-up time
was truncated at their report of diabetes diagnosis. At
the baseline visit, participants’ who went on to develop
diabetes were more likely to be current smokers (p=0.02),
had higher BMI and increased high blood pressure and
high cholesterol (all comparisons p<0.0001), but were
not different by gender, pack years of smoking history
or age [Table 1]. Participants classified as PRISm were
observed to have higher incidence of diabetes diagnosis
[Figure 1].
The base survival model of incident diabetes diagnosis
included gender, age, smoking status, cumulative
smoking exposure (pack years), high blood pressure,
high cholesterol and BMI and this multivariable model
agreed with the cross sectional results indicating that
neither gender (p=0.5), cumulative smoking exposure
(p=0.4) nor age (0.2) were significant predictors of
diabetes [Table 2]. Subsequent models included these
factors as potential confounders and precision variables.
Significant predictors of incident diabetes diagnosis in
the base model included current smoking status (hazard
ratio [HR]=1.9, 95% confidence interval [CI] 1.5-2.4, p
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<0.0001), BMI (HR=1.09, 95% C.I. 1.07-1.10 for 1 unit
difference), high blood pressure (HR=1.4, 95% CI 1.21.8, p=0.0009) and high cholesterol (HR=1.3, 95% CI
1.1-1.6, p=0.0081).
Both FEV1% and FVC% were significantly associated
with incident diabetes when added to the base model after
controlling for other known risk factors (p=0.0004 and
<0.0001 respectively) though their ratio was not [Table
3]. Other pulmonary markers were also associated with
incident diabetes; respiratory exacerbation during the
follow-up period (HR 1.62, 95% CI 1.23-2.08), lower
6MWD (HR 0.93, 95% CI 0.91-0.96), corticosteroid
use at baseline both oral (HR 1.80, 95% CI 1.03-3.15)
and inhaled (HR 1.81, 95% CI 1.28-2.55), and PRISm
pattern of lung function (HR 1.62, 95% CI 1.46-2.61).
Neither chronic bronchitis (HR 1.10, 95% CI 0.85-1.42),
nor COPD (HR 1.21, 95% CI 0.95-1.55) were associated
with incident diabetes in these models.
As this study represents only current and former
smokers and over represents individuals with COPD
compared to the general population, we explored
respiratory exacerbation across GOLD stages and
found that respiratory exacerbation occurred during
the 4.2 years of follow-up at all levels of obstructive
disease and also occurred in participants without COPD
[Figure 2]. Participants with incident diabetes were at
higher risk for respiratory exacerbation if they were
PRISm (22% versus 10%, p<0.0001) or GOLD 0 (14%
versus 5%, p=0.0006). Participants with COPD showed a
significant increase in AECOPD only in GOLD III (45%
versus 31%, p=0.04).
The most parsimonious model of incident diabetes
assessed using stepwise selection of all pulmonary
variables is presented in Table 4. In addition to the base
model of known risk factors, respiratory exacerbation
(HR=1.5, 95% CI 1.2-2.0, p=0.0009), reduced 6MWD
(-100 feet; HR=0.94, 95% CI 0.91-0.97, p<0.0001) and
PRISm (PRISm compared to GOLD 0; HR=1.7, 95% CI
1.3-2.2, p=0.0003) were selected into the model. COPD
(GOLD stage I-IV) was not significantly associated with
incident diabetes (HR=0.95, 95% CI 0.7-1.2, p=0.7) nor
were the other potential markers measured as part of the
COPDGene study.

Discussion
We observe, in this longitudinal study of current and
former smokers, that markers of pulmonary health,
beyond those measured using pulmonary function tests,
are predictive of incident diabetes. Reduced 6MWD,
For personal use only. Permission required for all other uses.
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respiratory exacerbation and PRISm were found to be
associated with incident diabetes after controlling for
known risk factors. While FEV1 and FVC have been
shown to be associated with incident diabetes in other

populations, these studies were not able to assess
other measures of pulmonary health such as 6MWD,
treatment for COPD with corticosteroids, dyspnea,
respiratory exacerbation or specific types of lung disease
such as PRISm or chronic bronchitis due to their
study designs. We found, after accounting for
the effects of these other important markers
of pulmonary health, that neither FEV1, FVC,
nor their ratio remained significant predictors
of incident diabetes in this population. While
the known risk markers for future diabetes
(current smoking, BMI, hypertension and high
cholesterol) all remained significant in the most
parsimonious multivariable model, no direct
measures of pulmonary function remained.
An indirect measure of pulmonary function,
exercise tolerance measured by 6MWD, was a
strong, independent predictor of new diabetes
identification and may represent a better
overall measure of integrative health status
than measures based on spirometry. Respiratory
exacerbation may represent a different aspect of
pulmonary health: the lungs’ ability to defend
against bacterial and viral infection which
may be decreased with hyperglycemia and
may be detected before diabetes diagnosis as

For personal use only. Permission required for all other uses.

journal.copdfoundation.org JCOPDF © 2016

Volume 3 • Number 4 • 2016

744

Predictors of Diabetes in Smokers

respiratory exacerbation. PRISm pattern pulmonary
function is associated with obesity and obesity is on the
metabolic pathway leading to type 2 diabetes. This is
likely reflected in the association between PRISm and
incident diabetes even after controlling for BMI though
it should be noted that including the PRISm comparison
into the model with BMI does not alter the effect of BMI
on incident diabetes. BMI is known to be a poor marker
of total adiposity and body composition making its use
difficult to interpret precisely as a predictor of incident
diabetes.
The lack of association between COPD and incident
diabetes may be partially explained by the strong
effect of COPD on 6MWD. A potential effect of pre or
undiagnosed diabetes on the lungs is through increased
blood glucose and glucose non-enzymatically binding
with collagen and elastin in lung parenchyma resulting
in reduced lung elasticity and reduced 6MWD due to
restrictions in airflow. Therefore, obstructive pattern
lung disease may not be an important, independent
predictor of future diabetes once the result of that
obstruction, measured by reduced 6MWD, is accounted
for. This observation would also help explain why

dyspnea is a strong predictor of incident diabetes on its
own but no longer predictive after controlling for PRISm
pattern lung disease as dyspnea may measure a reaction
to sub-optimal inflation in pre or undiagnosed diabetes.
This would also hold true if increased glucose affected
the innate immune system of the lung, increasing the risk
of lung infection and subsequent functional degradation
as hyperglycemia is known to be associated with other
types of infection. Chronic bronchitis is not associated
with incident diabetes but respiratory exacerbation is,
after controlling for known risk factors, 6MWD and
PRISm. This suggests that smokers without COPD may
be at increased risk for viral or bacterial lung infection.
We observed a known pattern of factors predicting
pre or undiagnosed diabetes in these adult current and
former smokers where age, gender, current smoking
status, BMI, high blood pressure and lipid abnormalities
were predictive of diabetes diagnosis over our
longitudinal follow-up and remained significant with
the addition of novel pulmonary-associated markers.
We hypothesized that individuals with pre or
unrecognized diabetes were at increased risk for
lung infection and that in the context of current and
former heavy smoking that risk could be recognized as
exacerbations of COPD or respiratory exacerbation in
participants who do not have COPD. Surfactant-D is a
member of the innate immune system found in the lungs
which has been shown to be reduced in obesity and
type 2 diabetes.29 Surfactant-D has been shown to be
reduced in smokers30 and serum surfactant-D has been
shown to be associated with exacerbations of COPD
potentially due to increased lung permeability.31 Recent
studies have shown that high blood glucose also affects
the innate immune system by reducing the activity of
beta-defensins which act against viral infection but
also act against bacterial and fungal infection and are
observed playing a protective role in the lungs.32 Kiselar
et al observed laboratory evidence that hyperglycemia
increases the production of methylgloxal and glyoxal
which irreversibly adduct with human β-defensin-2,
reducing its antimicrobial function33 making infection
more likely during hyperglycemia. Hamilton et al
reported data from the Freemantle Heart Study showing
that participants with type 2 diabetes were at double the
risk for hospitalization due to any infection compared
to controls without diabetes and that the most common
reason for hospitalization was pneumonia (49.2%).34
A recent, large scale population based study using
the Danish National Registry showed an association
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between antibiotic use and type 2 diabetes where
antibiotic prescriptions were more likely to be filled
in those with type 2 diabetes compared to controls
(odds ratio [OR] 1.53, 95% CI 1.50-1.55) and this
observation was found both 5 years prior to diagnosis
and 5 years post diagnosis with diabetes.35 Our study
found that serious pulmonary events (SPE)/AECOPD
were significant predictors of incident diabetes lending
weight to this biological pathway.
Potential weaknesses of this study include the use
of baseline measurement of known predictors that
could not be assessed during the LFU as this followup protocol included telephony or web contact only.
Future follow-up visits in the COPDGene cohort will
collect these predictors and assess their change over
time. Diabetes diagnosis is self-reported in COPDGene
and has not been evaluated using known biomarkers
such as fasting glucose, oral glucose tolerance test or
glycosylated hemoglobin (HbA1c). Baseline diabetes
status was assessed using both self-report and recorded
medication use and all participants reporting either
were excluded from this incident study. Diabetes type
was also not differentiated in COPDGene though the
age structure of the study suggests that incident type 1
diabetes would be rare and all participants with existing
diabetes were excluded from this incident study. Future
studies of diabetes in COPDGene should assess diabetes
status using gold standard biomarker measurement.
The observed differences in SPE in participants without
COPD (GOLD 0 and PRISm) may be due to a diabetes
diagnosis that occurred because of health care contact
resulting from the SPE itself. Evaluation of participant
hospitalizations is not currently performed as a part of
the COPDGene study.
The results of this study are of particular interest
to clinicians as they identify new markers of pre or
undiagnosed diabetes. SPEs, especially in current or
former smokers without COPD (GOLD 0 and PRISm),
may represent an early shift in a patient’s glycemic
control that affects susceptibility to lung infection. We
have shown that SPEs are independently associated
with incident diabetes in participants with PRISm, those
with no functional impairment (GOLD 0) and those
with COPD [Figure 2]. This may represent a population

of current and former smokers preferentially affected
by reduced innate immunity in their lungs due to poor
glycemic control.

Conclusions
SPEs, reduced exercise capacity as measured by 6MWD
and the PRISm pattern lung function impairment are
significant, previously unrecognized predictors of the
development of diabetes among current and former
heavy smokers. This cluster of indicators may aid
clinicians in identifying and treating patients with
pre- or undiagnosed diabetes. Future studies should
ascertain whether treatment for hyperglycemia and
insulin resistance can reduce the occurrence of lung
infection in this population.
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