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Aim: This study investigates the role of muscle strength as a predictive factor for reduced

pulmonary function in diabetes.

Methods: Data from the NHANES 2011–2012 were analyzed. Lung function was assessed

with  spirometry (FEV1, FVC). Diabetes was assessed with an oral glucose tolerance test

(OGTT), glycated hemoglobin (HbA1c), or fasting plasma glucose (FPG). Muscle strength was

measured by a grip test using a handgrip dynamometer.

Results: A total of 3521 people were suitable to be included for analysis in this study. Lung

function was reduced in diabetes—after adjustment for covariates, the impact of diabetes

on  FVC was estimated as −331 mL (SE 48) for known diabetes and −282 mL (SE 41) for undi-

agnosed diabetes (P < 0.001). Grip strength was also reduced in diabetes. After adjustment

for  covariates, the impact of diabetes was estimated as −5.9 kg (SE 0.8) for known diabetes

(P  < 0.001). An association between lung capacity and grip strength in people with known

diabetes was observed (R = 0.7, P < 0.001). The adjusted impact on FVC from grip strength

was estimated as 13.1 mL (SE 3.4) per kg (P < 0.001).

Conclusions: Muscle strength appears to be reduced in people with known diabetes, and this

seems to affect the respiratory muscles as an independent factor.

©  2017 Primary Care Diabetes Europe. Published by Elsevier Ltd. All rights reserved.

1.  Introduction

Patients with diabetes have reduced lung function [1], and
although a number of plausible pathophysiological mech-
anisms for this observation have been suggested [2], its
mechanism causing reduced lung function in diabetes has
not been determined. This observed reduction is related to
glucose regulation and the general severity of the disease,
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including complications [3–7]. Other potential pathophysio-
logical mechanisms for this relation include chronic low-grade
inflammation, autonomic neuropathy, microangiopathy of the
alveolar capillaries and arterioles, loss of elastic recoil, and
low birthweight [8–12]. Nevertheless, a clear path connecting
reduced lung function to diabetes and the pathophysiolog-
ical mechanism behind the relation have yet to be fully
established. Moreover, the observed reduction in pulmonary
function may be multifactorial [2].
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Reduced muscle strength as a complication of diabetes
has been reported in several studies, both in association with
and in the absence of concomitant diabetic polyneuropa-
thy [13–15]. From patients with neuromuscular disease, it is
well established that respiratory muscle weakness is associ-
ated with general reduced muscle strength. Reduced muscle
strength in patients with diabetes may also affect the res-
piratory muscles and could contribute to the understanding
of the mechanism for reduced lung function and its clinical
relevance to diabetes. For example, dyspnea in patients with
diabetes has been demonstrated to be associated with mus-
cle weakness [16], and in type 2 diabetes, sleep quality can
be disrupted because of impaired respiratory function [17].
Furthermore, patients with type 2 diabetes have muscle weak-
ness in the extremities related to the presence and severity
of peripheral neuropathy [14]. Medical observations also indi-
cate that diabetes is related to an increased risk of developing
respiratory failure [18].

The objective of this study is to investigate the role of
muscle strength as a predictive factor for reduced pulmonary
function in a representative sample of the adult population
with known diabetes, with unknown diabetes and without
diabetes.

2.  Methods

2.1.  Participants

Data from the National Health and Nutrition Examination Sur-
vey (NHANES) were collected by the National Center for Health
Statistics from 2011 to 2012 using a complex, multistage prob-
ability sample designed to represent the noninstitutionalized
civilian population of the U.S. [19]. All participants between
20 and 80 years of age without exclusion criteria for spirom-
etry or handgrip dynamometry were tested. The exclusion
criteria were inability to comply with the handgrip test; cur-
rent chest pain; physical problems with forceful expiration; a
need for supplemental oxygen; recent eye surgery; a history of
detached retina, collapsed lung, recent thoracic or abdominal
surgery, myocardial infarction, stroke, or exposure to tuber-
culosis; or a recent event of hemoptysis. Participants with a
suitable test for pulmonary function and a handgrip test were
included.

2.2.  Pulmonary  function  assessment

Spirometry is a routinely used clinical lung function test.
Spirometry was, if possible, performed in the standing posi-
tion. The participant was asked to take the deepest breath
possible to fill the lungs with air and to exhale the air with
the maximal strength possible for a minimum of 6 s. Repeated
spirometry testing was continued until the participant was
able to achieve a reproducible spirometry test. This study used
the first second of a forced expiratory maneuver (FEV1), the
forced volume vital capacity (FVC) and the FEV1/FVC ratio (a
measure of obstructive diseases) to assess pulmonary func-
tion.

2.3.  Muscle  strength  assessment

Distal muscle strength was measured by a grip test using a
handgrip dynamometer. The participant was asked to use one
hand at a time to squeeze the dynamometer as hard as pos-
sible. The procedure was repeated three times for each hand.
Between each test, the hand used to squeeze was switched,
with a minimum of 60 s rest for the hand between tests.
The combined grip strength was calculated as the sum of
the largest test result from each hand. This study used the
combined grip strength results as a proxy measure of general
muscle strength [20,21].

2.4.  Other  measures

Data on demographic characteristics, diagnosed diabetes,
smoking habits, and self-reported hearing problems were
obtained during NHANES in-home interviews. Smoking sta-
tus was defined as answering yes to the question, “Have
you used tobacco/nicotine in the last 5 days?” Blood sam-
ples were drawn for measurements of fasting plasma glucose
(FPG) and glycated hemoglobin (HbA1c) and for the measure-
ment of PG during an oral glucose tolerance test (OGTT). In
combination with the diabetes questionnaire, the FPG and
OGTT were used to identify people who had “known diabetes”,
“undiagnosed diabetes”, or “no diabetes”. OGTT results greater
than or equal to 11.1 mmol/L, HbA1c greater than or equal to
6.5% (48 mmol/mol) or FPG greater than 7 mmol/L were used
as thresholds for the diagnosis of diabetes [22]. Participants
answering yes to the question, “Has a doctor told you that
you have diabetes?” were classified as having known diabetes.
Height and weight were measured during the physical exam-
ination as well.

2.5.  Statistical  analysis

Differences among participants with undiagnosed diabetes,
known diabetes and no diabetes were established using
ANOVA with a subsequent Bonferroni post hoc t-test for
continuous measures or a chi-squared test for categori-
cal measures. A logarithmic transformation was applied
to skewed continuous measures. Normally distributed data
are presented as the mean ± standard deviation, and non-
parametric data are presented as the median with a 95%
prediction interval. To investigate the potential relation
between muscle strength and pulmonary function in diabetes,
we used a multivariable linear model with a measure of lung
function (FEV1) as the dependent variable and muscle strength
as the independent predictor. To adjust for covariates known
to influence lung function, age, gender, BMI, HbA1c, height,
and smoking status were added to the model using forward
selection. P-values below 0.05 were considered statistically
significant.

3.  Results

A total of 3521 people were suitable to be included for analysis
in this study. Among them, 233 participants had known dia-
betes and 159 had undiagnosed diabetes. Table 1 summarizes
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