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ARTICLE INFO ABSTRACT
Keywords: Background: Physical exercise aids glycemic control and the prevention of diabetes-related complications.
Diabetes However, exercise beyond an individual’s pulmonary functional capacity may be detrimental. To date, little is
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Six-minute walk test
Spirometry

Pulmonary function

known about the relationship between pulmonary function and exercise capacity in people with type 2 diabetes
(T2D). We investigated the relationship between pulmonary function and exercise capacity in T2D.

Methods: Spirometry and 6-min walk test (6MWT) were conducted for 263 systematically sampled adults with
T2D without primary heart/lung disease. The primary measure of exercise capacity was the 6-min walk distance
(6MWD); impaired exercise capacity was defined as 6MWD<400 m. Logistic regression analyses were used to
assess the associations between spirometric measures and exercise capacity with adjustments for age, sex, height,
body mass index, diabetes duration, glycated hemoglobin concentration, smoking, suboptimum blood pressure
control, and total cholesterol concentration.

Results: Compared with individuals with normal spirometry, those with pulmonary restriction/obstruction had
significantly lower 6MWD (404.67 m vs. 451.70),p < 0.001). The proportion of individuals with impaired ex-
ercise capacity was higher in individuals with impaired pulmonary function compared with those with normal
pulmonary function (39.8% vs. 20.7%,p = 0.001). In the unadjusted models, decreasing Z-score FEV; [odds ratio
1.40, 95% confidence interval (1.07-1.83),p = 0.013] and Z-score FVC [1.37 (1.06-1.76),0.016], but not Z-score
FEV1/FVC ratio [1.00 (0.78-1.27),0.972] were significantly associated with impaired exercise capacity. In the
fully adjusted model, the strength of association remained statistically significant for Z-score FEV; [1.60
(1.06-2.41),0.025] but not Z-score FVC [1.48 (0.98-2.23),0.065].

Conclusions: Our study shows inverse associations between FEV; and impaired exercise capacity in T2D, Future
research could characterize optimal exercise levels based on a patient’s FEV;.

1. Introduction (783.2 million) in 2045 [1]. The overwhelming majority of people with
diabetes in 2021 had type 2 diabetes (T2D) and the increases to 2045 are

Globally, diabetes remains highly prevalent [1]. For example, in projected to be similarly predominantly of T2D [1]. Individuals with
2021, the global prevalence of diabetes in individuals aged 20-79 years T2D are at increased risk of both vascular complications, which are
was 10.5% (536.6 million people); this is projected to rise to 12.2% causes of disability, repeated hospitalization, and early mortality [2,3].
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Impaired glycemic control is a key modifiable risk factor for vascular
complications in T2D [2,4]. Improving glycemic control has been shown
to decrease the risk of diabetes-related vascular complications [5].

An effective and less expensive non-pharmacological therapy for
achieving optimal glycemic control is physical exercise [6]. Mechanis-
tically, there is an augmentation in insulin sensitivity of the muscles
during exercise, thus promoting glycogen resynthesis from glucose and
hence improving glycemic control [6]. For example, a single session of
exercise has proven to improve glucose uptake via both
insulin-mediated and non-insulin-mediated glucose uptake processes
[6], and the increased insulin sensitivity following exercise can last for
up to 48 h [6]. Although exercise is valuable to achieving optimal gly-
cemic control and prevention of disease complications, exercise beyond
an individual’s pulmonary functional capacity may be detrimental. This
is especially important in individuals with T2D where pulmonary
function may be compromised; a recent meta-analysis has reported that
T2D is associated with impaired pulmonary function, independently of
sex, smoking, BMI, and geographical region [7]. Given the potential
impact of lung function on exercise tolerance, previous studies have
assessed the relationships between measures of pulmonary function
including forced expiratory volume in 1 s (FEV;) with measures of ex-
ercise capacity including the 6-min walk distance (6MWD) in some
patient populations including chronic obstructive pulmonary disease [8]
and cystic fibrosis [9]. Evidence shows that this relationship is depen-
dent on the patient population. For example, Santos et al. [10] had
previously reported no correlation between FEV; and 6MWD in in-
dividuals with severe/very severe airway obstruction.

To the best of our knowledge, no prior study has reported the asso-
ciation between pulmonary function and exercise capacity in people
with T2D, who are relevantly different from individuals with primary
lung diseases like COPD. For example, the cardiac contribution to
impaired exercise tolerance in people with T2D may be from coronary
artery disease [2] while that in chronic lung disease may be from group
3 pulmonary hypertension [11]. Cardiovascular-related factors that
limit exercise capacity [12] are commoner in people with T2D compared
with those without diabetes [13]. Besides, the biological basis of lung
disease in T2D differs substantially from that in individuals with primary
lung disease [7,14,15]. Kuziemski et al. [16] had recently reported
functional exercise capacity and pulmonary functional capacity ar-
rangements in patients with diabetes; compared with healthy controls.
In their study, patients with diabetes were found to have shorter 6MWD
and lower FEV;. While Kuziemski et al. [16] reported reductions in both
6MWD and lower FEV;, the associations between them, and how this
association is impacted by the conventional cardiopulmonary risk fac-
tors remain unknown. We, therefore, investigated the relationship be-
tween pulmonary function (based on spirometric indices) and exercise
capacity (based on the 6-min walk test [EMWT]) in people with T2D,
and the impact of conventional diabetes and cardiopulmonary risk fac-
tors on this association. We tested the hypothesis that impaired pul-
monary function based on a reduction in the FEV; is associated with
impaired exercise capacity based on the 6MWT. Our primary measure of
impaired pulmonary function was a reduction in FEV1 because previous
studies show that compared with FVC or the presence of obstructi-
ve/restrictive pulmonary defects, FEV; is a better predictor of adverse
cardiovascular events and/or mortality [17-19]. Exercise capacity was
based on the 6MWT, which assesses submaximal exercise capacity
because it more closely approximates the capacity to perform activities
of daily living [20]. Both spirometry and 6MWT do not require sophis-
ticated equipment and can be performed by most patients [20,21].

2. Methods
2.1. Study design

This cross-sectional study among 500 adults with T2D managed at a
National Diabetes Management and Research Centre in Ghana has been
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previously described [22,23]. Individuals with primary heart disease
and/or previous/current heart failure were also excluded from the study
[22,23]. The current analyses included 263 participants aged >35 years
with technically acceptable spirometry data, who performed the 6MWT,
and with no history of primary lung disease including asthma or chronic
obstructive pulmonary disease (COPD). Ethical approval was obtained
from the Ethics and Protocol Review Committees of the University of
Ghana College of Health Sciences (CHS-Et/M6-P2.14/2017-2018) and
the Institutional Review Board of the Korle Bu Teaching Hospital
(KBTH-IRB/000124/2019). All participants provided written informed
consent before enrolment in the study.

2.2. Measurements

Assessment of baseline clinical characteristics including smoking and
diabetes duration, anthropometry, hemodynamic monitoring, and
biochemical measurements including the concentrations of fasting
plasma glucose, HbAlc, and lipids has also been previously described
[23]. The definition of hypertension was based on a clinical diagnosis
code/documentation in the medical records, evidenced by documented
elevated BP(>140/90 mmHg) at the time of diagnosis, and the use of
antihypertensive therapy. Suboptimal BP control was defined per the
2017 American College of Cardiology/American Heart Association
guidelines criteria and European Society of Cardiology/European Soci-
ety of Hypertension guidelines (for individuals with hypertension and
diabetes) as systolic BP>/ = 130 mmHg and/or diastolic BP>/ = 80
mmHg [24]. These cutoff values are consistent with the American Dia-
betes Association’s recommendation (2018 update) for individuals with
diabetes with higher cardiovascular risk [25].

2.3. Pulmonary function testing

Spirometry was conducted by trained physicians/technicians using
the Vitalograph Pneumotrac Portable Screening Pneumotachograph
(Morgan Scientific) according to the American Thoracic Society/Euro-
pean Respiratory Society (ATS/ERS) guidelines [21]. Measured and
calculated indices included the FEV;, forced vital capacity (FVC), and
the FEV;/FVC ratio. The predicted values of the FEV;, FVC, and
FEV1/FVC were determined for each participant using the Global Lung
Function Initiative 2012 equations [26]. Abnormal results for spiro-
metric indices were determined by comparison to their lower limits of
normal (LLN) [26]. The values of FEV;/FVC and FVC were used to
categorize pulmonary function patterns as normal, obstructive, restric-
tive, or mixed obstructive and restrictive based on ATS/ERS guidelines
according to a modified algorithm based on Pellegrino et al. [27]. Due to
heterogeneity in individuals with impaired spirometry, we analyzed
FEV,, FVC, and FEV;/FVC as a continuous variable via Z-score.

2.4. Six-minute walk test

The 6-min walk test (6MWT) is a simple but standardized test used to
assess exercise tolerance [20]. The 6MWT was performed by trained
physicians/technicians using the Nonin Modell 3150 WristOx2 pul-
soximeter (Nonin Medical, USA) on a 20-m corridor with no prior
practice walks according to the ATS guidelines [20]. Participants were
instructed to walk to cover as much ground as possible in 6 min. Stan-
dardized encouragement at 1-min intervals was given. The primary
measure of impaired exercise capacity was based on a reduction in the
6-min walk distance (6MWD) (6MWD<400 m) [28]. The percentage
predicted 6MWD was not used in the current analyses because no
population-specific equations were found for sub-Saharan Africans. HR
was continuously monitored during the 6MWT, and the maximum HR
during the test was recorded. To determine the effort made by the par-
ticipants during the test, we recorded the maximal heart rate achieved
by a participant during the test (HRy,,x) and expressed it as a percentage
of the age-predicted maximum HR which was determined using the
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formula predicted HR max age predicted = 220 — age in years. Hence, HRpay
pp = 100 * HRpax/(220-age). We also assessed the elevated percentage
predicted maximum HR (HRpax pp > 80).

2.5. Statistical analysis

Data were analyzed using IBM SPSS (Version 26) for Windows. Data
with a normal distribution were presented as mean (+ standard devia-
tion whereas those not normally distributed were presented as median
(interquartile range). Categorical data were presented as frequencies
(percentages). Differences in clinical characteristics between individuals
with normal and abnormal spirometry were assessed by the chi-square
test or Fisher’s exact test for categorical variables, t-test for continuous
variables, or the Mann-Whitney U-test for variables not normally
distributed. Multivariate logistic regression analyses were used to
examine the associations between decreasing z-score FEV;, FVC, and
FEV/FVC ratio (independent variable) and impaired exercise capacity
(dependent variable), with adjustment for potential covariates (age, sex,
height, BMI, diabetes duration, HbAlc concentration, smoking, subop-
timum blood pressure control, and total cholesterol concentration).
Odds ratios (ORs) and their corresponding 95% CI were estimated.

3. Results
3.1. General characteristics

The baseline characteristics of the study population are shown in
Table 1. Compared with individuals with normal spirometry, individuals
with impaired spirometry were more frequently females and much
older. Individuals with impaired spirometry were also much shorter and
had a longer mean duration of diabetes compared with individuals with
normal spirometry. However, the two groups did not differ in terms of
the proportion of individuals with hypertension, suboptimal BP control,
obesity, higher education, or current/previous smokers. Similarly, there
were no significant differences in the mean systolic BP, diastolic BP, and
BMI between the two groups. Further, the two groups did not differ in
terms of the mean HbAlc and lipid concentrations. Expectedly, the
mean FEV; pp, FVC pp, and FEV;/FVC were lower in individuals with
impaired spirometry compared with those with normal spirometry.

3.2. 6MWT measures in the study population

Table 2 compares the 6MWT measures in the two study groups. The
mean 6MWD was over 10% lower in individuals with impaired pul-
monary function compared with those with normal pulmonary function
(404.67 m vs. 451.70 m, p < 0.001). Also, the proportion of individuals
with 6MWD<400 m was nearly twice in individuals with impaired
pulmonary function compared with those with normal pulmonary
function (39.8% vs. 20.7%, p = 0.001). While the mean pre-6MWT SpO,
was significantly lower in the impaired pulmonary function group
compared with the normal pulmonary function group, the two groups
did not significantly differ in the mean post-6MWT SpO5 mean change in
the SpO, during the test, and the mean lowest SpO; recorded during the
test. Both the pre-and post-6MWT Borg dyspnea scores were higher in
individuals with impaired pulmonary function compared with those
with normal pulmonary function. Measures of heart rate including the
mean pre-6MWT heart rate, mean post-6MWT heart rate, mean HRpax
pp, and proportion of individuals with HRpax pp > 80 did not signifi-
cantly differ between the two groups.

3.3. Association between spirometric measures and exercise capacity

Fig. 1 compares the proportion of individuals with impaired exercise
capacity in individuals with and without pulmonary restriction or
airway obstruction. The proportion of individuals with impaired exer-
cise capacity was nearly twice as high in individuals with pulmonary

Diabetes & Metabolic Syndrome: Clinical Research & Reviews 17 (2023) 102831

Table 1
Baseline characteristics of the study participants.
Characteristics All Normal Pulmonary P-
Participants Pulmonary Dysfunction® Value
Function

N 263 175 88

Sex (%) <0.001
Females 196 (74.5%) 115 (65.7%) 81 (92.0%)
Males 67 (25.5%) 60 (34.3%) 7 (8.0%)

Age (years) 57.28 56.25 59.31 (£6.53) 0.017

(+9.83) (£10.17)

Education 0.164
Secondary/ 97 (47.3%) 74 (50.7%) 23 (39.0%)
higher
<Secondary 108 (52.7%) 72 (49.3%) 38 (61.0%)

Smoking 1.000
Never smoked 259 (98.5%) 172 (98.3%) 87 (98.9%)
Current/ 4 (1.5%) 3 (1.7%) 1(1.1%)
previous
smoker

Duration of 11.23 10.61 (£7.09) 12.76 (+£6.37) 0.033
diabetes (£6.23)
(years)

Hypertension (%) 126 (47.9%) 81 (46.3%) 45 (51.1%) 0.514

Systolic BP, 136.15 135.90 136.66 0.720
mmHg (£16.15) (£15.94) (£16.64)

Diastolic BP, 78.63 78.91 (£+8.01) 78.06 (£9.01) 0.439
mmHg (+8.35)

Suboptimal BP
control (%)

179 (68.1%) 115 (65.7%) 64 (72.7%) 0.266

Height, cm 163.79 165.14 161.09 (+7.39) <0.001
(+8.49) (+8.70)
BMI, kg/m? 29.39 29.71 (£5.90) 28.76 (+6.53) 0.236
(£6.12)
Obesity (%) 105 (39.9%) 76 (43.4%) 29 (33.0%) 0.111
Biochemical measures
HbAlc, % 8.12(+1.84)  8.03 (+1.87) 8.31 (+1.77) 0.278
Total cholesterol, 4.84 (+£1.31) 4.77 (£1.33) 4.98 (+1.24) 0.240
mmol/1
Triglyceride, 1.22 (+£0.51)  1.24 (+.51) 1.19 (+.53) 0.553
mmol/1
HDL- cholesterol, 1.34 (+0.35) 1.33 (£.35) 1.36 (+.35) 0.554
mmol/1
LDL-cholesterol, 2.94 (£1.15)  2.87 (+1.18) 3.08 (+1.07) 0.204
mmol/1
Spirometry
FEV; pp 84.11 91.63 69.14 (+£16.57)  <0.001
(+17.86) (+13.15)
FVC pp 85.11 91.77 71.86 (+17.57) <0.001
(+17.76) (+13.69)
FEV,/FVC 78.64 79.80 (£5.54) 76.32(+12.70)  0.016
(+8.76)

Abbreviations: BMI = body mass index; BP = blood pressure; FEV; = forced
expiratory volume in 1 s; FEV;/FVC = ratio of FEV; to FVC; FVC = forced vital
capacity; HbAlc = glycated hemoglobin; HDL = High-density lipoprotein; LDL
= Low-density lipoprotein; pp = percentage predicted.Suboptimal BP control
was defined per the 2017 American College of Cardiology/American Heart As-
sociation guidelines criteria and European Society of Cardiology/European So-
ciety of Hypertension guidelines (for individuals with hypertension and
diabetes) as systolic BP >/ = 130 mmHg and/or diastolic BP >/ = 80 mmHg.
Obesity: BMI>30 kg/m?.

@ Impaired spirometry defined as the presence of pulmonary restriction and/or
airway obstruction.

restriction compared with individuals without pulmonary restriction
(40.3% vs 21.6%, p = 0.002). While the proportion of individuals with
impaired exercise capacity was 40% higher in individuals with airway
obstruction compared with individuals without airway obstruction
(36.8% vs 26.3%, p = 0.321), the difference was not statistically
significant.

Table 3 shows the associations between Z score FEV;, FVC, and
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Table 2
Spirometric and 6MWT measures in the study participants.
Characteristics All Normal Pulmonary P-
Participants Pulmonary Dysfunction * Value
Function
6MWT
Distance
6MWD, m 435.90 451.70 404.67 <0.001
(+80.51) (£76.91) (£78.71)
6MWT< 400 m 71 (27.1%) 36 (20.7%) 35 (39.8%) 0.001

(%)

Oxygen Saturation

Pre 6MWT SpO, 98.86 99.01 (£1.15) 98.57 (+1.54) 0.018

(%) (£1.31)
Post 6BMWT SpO,  98.04 98.17 (+1.70) 97.77 (+1.85) 0.082
(%) (£1.76)

ASpO; (%) 1.84 (+£1.49)
Lowest SpO, (%) 97.00

1.84 (£1.52)
97.15 (£1.66)

1.85 (+£1.43) 0.946
96.72 (£1.94) 0.060

(+£1.76)
Heart Rate
Pre 6MWT HR, 80.68 81.47 (£12.61)  79.09 (£10.19)  0.125
bpm (£11.89)
Post 6MWT HR, 107.29 107.94 106.01 0.370
bpm (£17.77) (£19.10) (+14.83)
AHR, bpm 26.62 26.47 (£16.80)  26.92 (£13.98)  0.829
(+15.88)
HRpmax, bpm 117.26 117.14 117.50 0.886
(+18.94) (+£20.52) (+£15.45)
HRmax PP 72.07 71.46 (£14.49)  73.28 (£9.91) 0.289
(+13.14)
HRpyax pp > 80 66 (25.1%) 43 (24.6%) 23 (26.1%) 0.782
Borg Scores
Pre-Borg 0.52 (£0.57)  0.42 (+0.54) 0.73 (£0.58) <0.001
Dyspnea Score
Post-Borg 3.02 (£0.94)  2.92 (+0.77) 3.22 (£1.18) 0.015

Dyspnea Score

Abbreviations: 6MWD = 6-min walk distance; 6MWT = 6-min walk test; bpm =
beats per minute; HR = heart rate; max = maximum; pp = percentage predicted;
SpO,, = peripheral capillary oxygen saturation.

A = difference between the variable at the start and end of 6MWT

HRnax is the maximum HR during the 6MWT. HRax pp is the HRppax €xpressed
as a percentage of the age predicted maximum HR (i.e., 220-age). Therefore,
HRpax PP = 100 * HRy,ax/(220-age).

FEV1/FVC ratio and impaired exercise capacity. In the unadjusted
model, decreasing Z-score FEV; [ odds ratio 1.40, 95% CI 1.07-1.83, p
= 0.013] and Z-score FVC [1.37 (1.06-1.76), 0.016], but not Z-score
FEV;/FVC ratio [1.00 (0.78-1.27), 0.972] were significantly associated
with higher odds of impaired exercise capacity. In the fully adjusted
model, the strength of association remained statistically significant for

AllParticipants Airway Obsruction NoArway Obstruction

6MWD<400m

A
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Z-score FEV; [1.60 (1.06-2.41), 0.025] but not Z-score FVC [1.48
(0.98-2.23), 0.065].

4. Discussions
4.1. Key findings

In this study among adults with T2D without primary heart and lung
disease, impaired submaximal exercise capacity was common, with over
a quarter (27.1%) of study participants affected. We observed a positive
association between impaired pulmonary function and impaired exer-
cise capacity. Decreasing Z-score FEV; and FVC but not FEV;/FVC ratio
was associated with impaired exercise capacity. After adjustment for a
wide range of conventional risk factors, the strength of association
remained statistically significant for Z-score FEV; and higher odds of
impaired exercise capacity.

4.2. Discussion of key findings

While the impact of T2D on the lungs has been fairly investigated [7,
15,29], important gaps remain on the impact of T2D on exercise ca-
pacity. Previous studies assessing exercise capacity (using either CPET
or 6MWT) in T2D have focused on individuals with coexisting heart
disease including heart failure [30,31]. In these studies, diabetes was
reported to be an additional factor that reduces the distance walked
irrespective of coexisting heart failure. In their study that included 131
individuals with diabetes without acute or chronic pulmonary disease,
Kuziemski et al. [16] reported a reduction in 6MWD in individuals with
diabetes compared with their non-diabetes control. In their paper, the

Table 3
Associations between spirometric indices and exercise tolerance.

Odds ratio (95% confidence interval), p-value

Unadjusted Model Fully Adjusted Model

Decreasing Z-score FEV,

Decreasing Z-score FVC

Decreasing Z-score FEV;/FVC
ratio

1.40 (1.07-1.83),
0.013
1.37 (1.06-1.76),
0.016
1.00 (0.78-1.27),
0.972

1.60 (1.06-2.41),
0.025
1.48 (0.98-2.23),
0.065
1.36 (0.93-1.99),
0.113

Definition of abbreviations: FEV; = forced expiratory volume in 1 s; FEV,/FVC
= ratio of FEV; to FVC; FVC = forced vital capacity; pp = percentage predicted.
The fully adjusted model was adjusted for age, sex, diabetes duration, HbAlc,
smoking, suboptimum blood pressure control, body mass index, and total
cholesterol concentration. Suboptimal blood pressure control was defined per
the 2017 American College of Cardiology/American Heart Association guide-
lines criteria and European Society of Cardiology/European Society of Hyper-
tension guidelines (for individuals with hypertension and diabetes) as systolic
BP >/ = 130 mmHg and/or diastolic BP >/ = 80 mmHg.

72.90%

59.70%

40.30%

27.10%

All Participants Pulmonary Restriction No Pulmonary Restrction

uEMW!

400m W 6MWD<400m

B

Fig. 1. Proportion of individuals with 6MWD<400 m in individuals with and without A) Airway obstruction and B) Lung Restriction. Pulmonary restriction is

defined as measured forced vital capacity less than the lower limit of normal.

Airway obstruction is defined as measured ratio of forced expiratory volume in 1 s to forced vital capacity (FEV;/FVC ratio) less than the lower limit of normal.
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authors hypothesized that impaired exercise tolerance is commoner in
people with diabetes compared with people without diabetes because of
impaired cardiac function in the setting of diabetes and/or
diabetes-related cardiac complications including heart failure [16]. A
unique contribution of our study to the existing literature is that our
study population excluded individuals with primary heart or lung dis-
ease, and patients with heart failure, which independently affect exer-
cise capacity. Based on the results of our study, impaired exercise
capacity is common in individuals with T2D without primary heart or
lung disease, with over a quarter of the study participants affected. Over
a quarter of the study population having impaired submaximal exercise
capacity (based on reduced 6MWD) is clinically relevant considering its
impact on quality of life and activities of daily living [32], as well as its
role in predicting mortality [33,34].

The first spirometric index we associated with reduced exercise ca-
pacity was FEV;. In this study, lower FEV; was associated with higher
odds of impaired exercise capacity. While studies assessing this rela-
tionship are lacking in T2D, reports exist in individuals with chronic
pulmonary diseases [8,9,35,36]. The result of the current study gener-
ally agrees with previous reports in individuals with chronic pulmonary
diseases [8,9,35,36]. These correlations suggest that in T2D, lower FEV;
might play an important role in 6MWT performance. The biological
basis of this association is uncertain. First, the observed association
could reflect the impact of common risk factors for reduced lung func-
tion and exercise tolerance such as COPD or heart failure. However, the
study excluded individuals with primary lung disease and/or heart
failure. Secondly, the observed asociation may reflect the impact of
diabetes-related risk factors like poor glycemic control and increased
duration of diabetes on lung function and exercise capacity. However,
the associations remained significant after adjusting for these risk fac-
tors. Thirdly, it may well be the case that reduced FEV; is causally
related to impaired exercise capacity via intermediary processes
including chronic hypoxia. Fourthly, the relationship could reflect the
impact of common cardiovascular, respiratory, and diabetes-related risk
factors in pulmonary function and exercise capacity. However, the
observed associations remained significant after adjusting for these
conventional risk factors. Finally, it is possible that such an association
between low FEV; and impaired exercise capacity could reflect the
impact of T2D on the pulmonary system and systems involved in exer-
cise capacity including the heart, systemic circulation, and peripheral
circulation. This cross-sectional design cannot exclude this possibility.

The second spirometric index we associated with reduced exercise
capacity was FVC. In an unadjusted model, lower FVC was associated
with higher odds of impaired exercise capacity. Our findings agree with
previous reports in individuals with chronic pulmonary diseases [8,9,35,
36]. Compared with lower FEV;, the association between FVC and ex-
ercise capacity was less robust; unlike FEV;, the association between
lower FVC and impaired exercise capacity was explained by the con-
ventional cardiovascular and pulmonary risk factors. This is in line with
the existing evidence that compared with FVC, FEV; is a better predictor
of cardiovascular events [17-19]. Why FEV; is better associated with
exercise capacity than FVC is uncertain. It could be because low FEV;
represents a broader range of pulmonary functional impairments
compared with low FVC [27]; FEV; may be reduced in both obstructive
and restrictive pulmonary defects, while FVC is typically reduced in
restrictive pulmonary defects. Besides the broader diagnostic utility,
FEV; has robust prognostic utility. For example, reduction in FEV; is an
established marker for disease progression as well as a predictor of
mortality [37,38], independent of cardiac function [39]; FEV; is shown
to be a marker of mortality even in individuals with a mild pulmonary
disease [37].

The current study did not find any significant association between
lower FEV;/FVC ratio and impaired exercise capacity in T2D. While
there are no studies in T2D to compare with, our findings agree with
studies in obstructive lung diseases like COPD [8] and restrictive lung
diseases like pulmonary sarcoidosis [35] and cystic fibrosis [9]. While
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the biological basis of the differential associations of FEV; or FVC and
FEV1/FVC with exercise capacity remains unclear, the observation in
this study and other studies in individuals with primary lung disease
suggest that compared with obstructive airway pattern, restrictive pul-
monary patterns better correlate with impaired exercise capacity.

Regardless of the biological basis of the associations observed in this
study, spirometry (especially FEV;) might be an important marker for
exercise capacity in individuals with T2D. This study supports the use of
FEV; in addition to other tools, in assessing the exercise capacity of
patients with T2D. Based on the cross-sectional design, arguments can
also be made for the utility of 6MWD in assessing the likelihood of
reduced FEV1 in individuals with T2D; this may be relevant in regions
where spirometry services are not available, and in individuals who
cannot perform technically acceptable spirometry.

This study is clinically relevant in a number of ways. First, the study
suggests that FEV]; may be an important marker for assessing exercise
capacity in individuals with T2D. This may be important in situations
where the 6MWT cannot be performed, including cases where the set-up
for conducting the 6MWT is not available, or where 6MWT is contra-
indicated (e.g. unstable angina or myocardial infarction within the
previous month or resting heart rate >120 beats per minute) or systolic
BP/Diastolic BP > 180 mm Hg/100 mm Hg) [20]. There are also situ-
ations where the 6MWT is not feasible, such as in lower limb amputated
patients. Secondly, our findings show that FEV; could be considered
when recommending exercise programs for patients with T2D.
Conversely, individuals with T2D with exercise intolerance may benefit
from pulmonary evaluation including periodic evaluation of FEVj.
Finally, our findings suggest that interventions aimed at preventing re-
ductions in FEV; in individuals with T2D may be useful in reducing the
likelihood of impaired exercise capacity.

4.3. Limitations

Our study has limitations. First, the cross-sectional design limits us
from precluding reverse causation (i.e., impaired exercise capacity
contributing to reduced pulmonary function dysfunction). Secondly, this
study did not assess cardiopulmonary exercise testing (CPET), or alter-
native testing of impaired exercise capacity which provides additional
information including measurement of peak oxygen uptake, quantifi-
cation of factors limiting exercise, and a definition of the underlying
pathophysiologic mechanisms such as the contribution of different
organ systems involved in exercise [20]. However, the 6MWT and CPET
measures correlate well. For example, there is a significant correlation
(r = 0.73) between 6MWD and peak oxygen uptake from CPET [20].
Finally, we used a walking course 20 m in length for the 6MWT; the ATS
guidelines recommend a walking course 30 m in length [20]. However,
the ATS guidelines do not preclude 20- or 50-m walking courses; a
multicenter study which is cited in the ATS guidelines showed that
walking course length has no significant effect on walking distance, for
straight courses ranging from 50 to 164 ft [20,40].

5. Conclusions

This study assessing the association between measures of spirometry
and 6MWT in people with T2D shows a positive association between
reduced FEV; and impaired exercise capacity, independent of the con-
ventional cardiovascular and pulmonary risk factors. Future studies
might look at the longitudinal relationship between FEV; and exercise
capacity, as well as the potential mechanisms linking low FEV; to
impaired exercise capacity in T2D. Studies characterizing the optimal
exercise levels based on a patient’s FEV; are also needed.
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