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D iabetes mellitus (DM) affects approximately 14.3% of adults in the United States (1). DM is
associated with other medical comorbidities, including obesity and cardiovascular disease. 
Patients with DM are at increased risk of adverse outcomes in the setting of critical illness (2, 3).

Tracheal intubation of critically ill adults in the emergency department (ED) or ICU is a high-
risk procedure complicated by frequent adverse out-comes (4). Patients with DM may be at higher 
risk of difficult tracheal in-tubation because of either comorbidities that affect airway anatomy, such 
as 
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Diabetes Mellitus Is Not a Risk Factor for
Difficult Intubation Among Critically Ill Adults:

A Secondary Analysis of Multicenter Trials

OBJECTIVES: Diabetes mellitus has been associated with greater difficulty of tracheal intubation in the operating room. 
This relationship has not been examined for tracheal intubation of critically ill adults. We examined whether diabetes 
mellitus was independently associated with the time from induction of anesthesia to intubation of the trachea among 
critically ill adults.

DESIGN: A secondary analysis of data from five randomized trials completed by the Pragmatic Critical Care Research 
Group (PCCRG).

SETTING: Emergency departments (EDs) or ICUs at 11 centers across the United States that enrolled in randomized 
trials of a pre-intubation checklist, fluid bolus administration, bag-mask ventilation between induction and 
laryngoscopy, and intubation using a bougie vs. stylet.

PATIENTS: Critically ill adults undergoing tracheal intubation with a laryngoscope in an ED or an ICU.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: A total of 2654 patients were included in this analysis, of whom 638 (24.0%) 
had diabetes mellitus. The mean time from induction of anesthesia to intubation of the trachea was 169 seconds (sd, 
137s). Complications occurred during intubation in 1007 patients (37.9%). Diabetes mellitus was not associated with the 
time from induction of anesthesia to intubation of the trachea (–4.4 s compared with nondiabetes; 95% CI, –17.2 to 8.3 s; 
p = 0.50). Use of a video vs. direct laryngoscope did not modify the association between diabetes mellitus and the time 
from induction to intubation (p for interaction = 0.064). Diabetes mellitus was not associated with the probability of 
successful intubation on the first attempt (85.6% vs. 84.3%; p = 0.46) or compli- cations during intubation (39.8% vs. 
37.4%; p = 0.52).

CONCLUSIONS: Among 2654 critically ill patients undergoing tracheal intubation in an ED or an ICU, diabetes 
mellitus was not independently associated with the time from induction to intubation, the probability of successful 
intubation on the first attempt, or the rate of complications during intubation.

KEYWORDS: critical care; diabetes mellitus; difficult intubation; emergency procedure; intubation; laryngoscopy
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obstructive sleep apnea (OSA) (5, 6), or comorbidities 
that affect physiology during intubation, such as obe-
sity or autonomic neuropathy. Patients with DM and 
chronic hyperglycemia may develop decreased mo-
bility of the soft tissue and joints due to glycation of 
collagen in connective tissue, which is referred to as 
“stiff oint syndrome.”

Prior research has suggested that the inflexibility 
in connective tissue and joints that occurs in DM 
cause tracheal intubation to be more difficult, par-
ticularly with a direct laryngoscope (DL) (7–14). 
Prior studies have reported DM to be associated 
with rates of difficult tracheal intubation that are up 
to ten times higher than in patients without DM (8, 
12–17). These studies primarily examined patients 
with long-standing, insulin-dependent diabetes in 
an era with fewer treatment options at a time most 
tracheal intubations occurred using a DL rather 
than a video laryngoscope (VL). Furthermore, these 
studies were limited to elective tracheal intubation 
in the operating room. No previous study has eval-
uated the associated between DM and the difficulty 
of tracheal intubation in critically ill adults in the 
ED or ICU.

To address this knowledge gap, we examined the in-
dependent association between DM and: 1) the time 
from induction to intubation, 2) successful intubation 
on the fi st attempt, and 3) complications of intubation 
among critically ill adults undergoing tracheal intuba-
tion with a DL or a VL in the ED or ICU.

METHODS
Study Design and Oversight

We performed a post hoc secondary analysis of data 
from five previously published multicenter, random-
ized trials of tracheal intubation of critically ill adults 
in the ED or ICU conducted by the Pragmatic Critical 
Care Research Group (PCCRG) (Supplemental Table 
1, http://links.lww.com/CCM/H603) (18–22). The tri-
als examined a pre-intubation checklist, fluid bolus 
administration, bag-mask ventilation between in-
duction and laryngoscopy, and intubation using a 
bougie vs. stylet, respectively. Each of the original 
trials was approved by the institutional review board 
at Vanderbilt University Medical Center and this sec-
ondary analysis of de-identifi d data from the com-
pleted trials was determined to represent nonhuman 
subjects research (No. 160158).

Study Sites and Patient Population

Th s secondary analysis included all patients in the 
datasets of the five completed trials, except those who 
were missing data on the primary outcome (time to in-
tubation). The patients were adults (age ≥ 18 yr) who 
were undergoing tracheal intubation in one of the 
seven participating EDs or 15 participating ICUs for 
whom time was suffici t to enroll and randomize, ad-
ministration of an induction agent was planned, and 
the operator was a regular intubator in that location. 
Patients were excluded if the treating clinician felt that 
one of the interventions being compared was required 
or contraindicated.

Exposure of Interest

The exposure of interest was a diagnosis of DM at the 
time of enrollment. In each of the five trials, trial per-
sonnel at each site assessed whether the patient had 
a diagnosis of DM at the time of enrollment using 
all data available in the electronic health record in-
cluding clinical notes, medication records, and labo-
ratory values. The trials did not collect information 
on the type of DM (e.g., type I vs. type II), the time 
since diagnosis of DM, measures of glycemic con-
trol (e.g., hemoglobin A1c), or the presence of com-
plications of DM (e.g., retinopathy, neuropathy, or 
nephropathy).

KEY POINTS
Question: Does difficult intubation occur more 
frequently in patients with diabetes mellitus?

Findings: Patients with a diagnosis of diabetes 
mellitus did not have an increased rate of difficult 
intubation assessed by time taken to successfully 
intubate the trachea or by the success of intuba-tion 
on the first attempt. In addition, patients with 
diabetes mellitus did not have a higher rate of airway 
complications.

Meanings: In this study, a diagnosis of diabetes 
mellitus did not increase the risk of difficult intuba-
tion or intubation-related complications.
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Outcomes

The primary outcome of this study was the time (in 
s) from the induction of anesthesia until successful
intubation of the trachea with an endotracheal tube. 
Secondary outcomes included the rate of successful in-
tubation on the fi st attempt (as defi ed in the original 
trial), the total number of intubation attempts, and the 
rates of the following complications: operator-reported 
aspiration, low heart rate (< 40 beats/min), low systolic 
blood pressure (< 80 mm Hg), hypoxemia (oxygen 
saturation [Spo2] < 90%), severe hypoxemia (Spo2 < 
80%), airway trauma, and esophageal intubation—all 
between induction of anesthesia and 2 minutes after 
intubation of the trachea; cardiac arrest within 1 hour 
of intubation; and in-hospital mortality.

Primary Analysis

The association between the exposure of DM and the 
primary outcome of time between induction of an-
esthesia and intubation of the trachea was examined 
using a linear mixed-effects model with a random in-
tercept for study site and fi ed effects for the following 
prespecifi d baseline covariates: age; body mass index 
(in kg/m2); Acute Physiology and Chronic Health 
Evaluation (APACHE) II score; diagnosis of OSA; 
presence of shock at the time of intubation or the use 
of vasopressors in the hour before intubation; and the 
operator’s self-reported previous number of intuba-
tions (categorized as 0–29, 30–99, 100–499, and > 499 
prior intubations performed). The baseline covariates 
were selected a priori from those available in the da-
tabase based on theoretical relationships to the study 
outcomes, before examining the data or fitting the 
model. In addition, because the type of laryngoscope 
used (video vs. direct) may moderate the association 
between DM and the primary outcome, we included 
an interaction term between DM and laryngoscope 
type in the model. Comparisons used Satterthwaite’s 
adjustment for degrees of freedom.

Secondary Analyses

For the analysis of secondary outcomes, we fit logistic 
regression models with the secondary outcome as the 
dependent variables and independent variables of 
DM, laryngoscope type, and the interaction between 
diabetes mellitus and laryngoscope type. Additional 

analyses: 1) examined the association between primary 
outcome and secondary outcomes, 2) evaluate for a 
potential interaction between the previous intubating 
experience of the operator and the laryngoscope type, 
and 3) compared patients intubated using a VL vs. a 
DL with regard to: diagnosis of DM; diagnosis of OSA; 
body mass index; APACHE II score; and the presence 
of shock at the time of intubation or the use of vaso-
pressors in the hour before intubation.

Analyses were performed using R (23) and packages 
lme4 (24), lmerTest (25), emmeans (26), and table-
one (27) (Version 4.2.0; R Foundation for Statistical 
Computing, Vienna, Austria). The approach to hand-
ling missing data or multiple data points refl cting one 
variable is described in the Supplemental Appendix 
(http://links.lww.com/CCM/H603). The p values of 
less than 0.05 were deemed statistically signifi ant; no 
correction of p values for multiple comparisons was 
performed.

RESULTS
Patients

Of 2702 patients in the trial datasets, 48 (1.7%) were 
excluded from the current analysis for missing data on 
the primary outcome and 2654 (98.2%) were included 
in the current analysis. A total of 638 patients (24.0%) 
had a diagnosis of diabetes at the time of enrollment. 
The characteristics of the patients at baseline are shown 
in Table 1.

Primary Outcome

The mean time from induction of anesthesia to intu-
bation of the trachea was 169 seconds (sd, 137 s). In 
the multivariable model of time from induction of 
anesthesia to intubation of the trachea adjusting for 
prespecifi d baseline covariates (Fig. 1 and Table 2), 
there was no signifi ant association with DM (–4.4 s 
compared with nondiabetes; 95% CI, –17.2 to 8.3 s; p = 
0.50), nor with laryngoscope type (0.1 s longer for VL 
compared with DL; 95% CI, –13.2 to 13.3 s; p = 0.99). 
There was also no signifi ant interaction between dia-
betes and laryngoscope type (p = 0.064).

Among the baseline covariates adjusted for in the 
multivariable model, the age of the patient, presence 
of OSA, and the previous number of intubations the 
operator had performed were associated with the time 
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from induction of anesthesia to intubation of the tra-
chea (Table 2).

A simplifi d model with independent variables of 
DM, laryngoscope type (VL vs. DL), and the inter-
action between DM and laryngoscope types without 
adjustment for other baseline covariates also found no 
association between DM and the primary outcome (p =  
0.88), no association between laryngoscope type and 
the primary outcome (p = 0.95), and no interaction be-
tween DM and laryngoscope type (p = 0.078). There 
was also no signifi ant difference in DL versus VL 
usage by operator experience category (Supplemental 
Fig. 1, http://links.lww.com/CCM/H603; Chi-squared 
test of independence, χ2(3) = 5.64, p = 0.13).

Secondary Outcomes

DM was not signifi antly associated with the number 
of tracheal intubation attempts or any of the compli-
cations of intubation evaluated, including aspiration, 
heart rate less than 40 beats/min, systolic blood pres-
sure less than 80 mm Hg, hypoxia less than 90%, se-
vere hypoxia less than 80%, reported airway trauma, 
esophageal intubation, cardiac arrest, or in-hospital 

mortality (Table 3). The rate of complications during 
intubation within specific subgroups are displayed in 
Supplemental Table 2 (http://links.lww.com/CCM/
H603).

Additional Analyses

In an analysis evaluating the performance the surro-
gate outcome of time from induction of anesthesia 
to intubation of the trachea, the time from induc-
tion of anesthesia to intubation of the trachea dem-
onstrate a positive, monotonic relationship with the 
number of intubation attempts (adjusted R2 = 0.38; 
F(6, 2647) = 276.3; p < 0.001; Supplemental Fig. 
2, http://links.lww.com/CCM/H603). The median 
time from induction of anesthesia to intubation of 
the trachea when intubation was successful on the 
fi st attempt was 120 seconds (interquartile range 
[IQR], 90–165 s), compared with 275 seconds (IQR, 
191–405 s) when more than one attempt was needed 
(p < 0.001). A longer time from induction of anes-
thesia to intubation of the trachea was associated 
with higher rates of aspiration during intubation (p 
< 0.001), hypoxemia (p < 0.001), severe hypoxia (p < 
0.001), esophageal intubation (p < 0.001), and airway 
trauma (p = 0.008).

DISCUSSION
In this secondary analysis of data from 2654 critically 
ill adults undergoing tracheal intubation in the ED or 
ICU in five previous randomized trials, a diagnosis of 
DM was not independently associated with the time 
from induction of anesthesia to intubation of the tra-
chea. Th s relationship was unchanged between intu-
bated using a VL and those intubated using a DL. DM 
was not associated with a higher number of intubation 
attempts or an increased risk of complications during 
intubation.

Several previous studies reported an association be-
tween DM and an increased risk of difficult tracheal 
intubation (7–14). Several potential explanations exist 
for the difference in fi dings between previous stud-
ies and our current study. First, prior studies largely 
occurred before the widespread availability of VL, 
which may mitigate the effects of DM-induced soft 
tissue and joint inflex bility by allowing visualization 
of the glottis and tracheal intubation without as much 
displacement of soft tissue as is required during DL. 

Figure 1. Time from induction of anesthesia to intubation of the 

trachea by diabetes mellitus (DM) status. The predicted mean 

time to successful tracheal intubation (TTI) for each category is 

adjusted for other variables listed in Table 2. Shaded bars indicate 

95% CIs for the mean. There was no significant association 

between TTI and DM status (p = 0.50). There was no interaction 

between DM status and the type of laryngoscope (video 

laryngoscope [VL] vs. direct laryngoscope [DL]) on the primary 

outcome (p for interaction = 0.064).
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However, our study did not observe and association 
between DM and intubation outcomes even among 
patients intubated using a DL. Second, as obesity, OSA 
and DM have become more common in the general 
population, operators may have received more educa-
tion about and become more familiar with intubating 
these patient groups, decreasing the effect of the un-
derlying conditions on the difficulty of intubation.

The difference between the fi dings of our study 
and prior studies was not due to the use of the time 
between induction of anesthesia and intubation of the 
trachea as the primary outcome. Our fi dings were 
consistent across all outcomes evaluated. The time be-
tween induction of anesthesia and intubation of the 
trachea was associated with the rate of successful in-
tubation on the fi st attempt, the number of intubation 
attempt, and complications during intubation. The 
time from induction of anesthesia to intubation of the 
trachea was also shorter when the intubation was per-
formed by more experienced operators.

Our study has a number of limitations. Information 
regarding the diagnosis of DM (type 1 vs. type 2), its 
severity, and its management were limited to the data 
collected in the original trials. We did not have data on 
the duration of DM, glycemic control, or treatments, 
which may affect the development of complications of 
DM that may affect the difficulty of intubation. Further 
studies are needed to determine whether patients with 
long-standing or poorly controlled DM are at increased 
risk difficult intubation. Screening for DM was also not 
standardized between hospitals, and prior work has 
supported high frequency of previously undiagnosed 
DM in hospitalized patients (1). Further, since four of 
the five trials had no difference in outcomes between 
randomized trial groups, and since the prevalence of 
DM should not have been different between any inter-
ventions evaluated or be expected to affect the efficacy 
of any of the study interventions, we did not adjust for 
the intervention groups in each of the included studies. 
Similarly, hospital-level differences in airway training, 

TABLE 2.
The Relationship Between Time to Successful Tracheal Intubation and Clinical Characteristics

Clinical Characteristic

Predicted Difference in Time to 

Successful Tracheal Intubation (s) 95% CI p

Chronic DM –4.4 –17.2 to 8.3 0.50

First attempt with video laryngoscope 0.1 –13.2 to 13.3 0.99

Laryngoscope × DM 23.2 –1.3 to 47.8 0.064

Age (per 10 yr) –4.6 –8.0 to –1.3 0.0072

Body mass index (per point) 0.6 –0.1 to 1.3 0.074

Acute Physiology and Chronic Health 
Evaluation II (per point)

0.3 –0.4 to 1.1 0.38

Obstructive sleep apnea 34 13.8 to 54.4 0.0010

Any shock (operator reported) –0.7 –17.1 to 15.7 0.93

Vasopressors in the hour before intubation –11.0 –28.2 to 6.4 0.21

Operator experience 0.020

 (0–29) Reference

 (30–99) –4.4 –18.2 to 9.2

 (100–499) –22.4 –39.2 to –5.7

�≥ 500 –23.2 –49.8 to 2.1

DM = diabetes mellitus.

The change in time from induction of anesthesia to successful intubation of the trachea for patients with DM, vs. those without DM, 

represents a difference of this time averaged across laryngoscope type (direct laryngoscope [DL]/video laryngoscope [VL]). The time 

change for VL represents a difference from DL averaged across DM status (contrast coding). The interaction between laryngoscope 

and DM indicates the difference between VL and DL in patients with DM compared with the difference between VL and DL in patients 

without DM. p values are the results of F tests with degrees of freedom adjusted by Satterthwaite’s method, with values of p < 0.05 in 

boldface font.
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education strategies, intubation team approaches or 
experience, and safety mechanisms may differ between 
the included studies and other hospitals that were not 
fully controlled for in our post hoc analysis.

CONCLUSIONS
In an analysis of 2654 critically ill patients undergoing 
tracheal intubation in and ED or ICU, a diagnosis of 
DM was not independently associated with the time 
from induction of anesthesia to intubation of the tra-
chea. DM was not associated with the rate of successful 
intubation on the fi st attempt or complications during 
intubation.

 1 Departments of Anesthesiology, Internal Medicine & 
Emergency Medicine, University of Wisconsin School of 
Medicine & Public Health, Madison, WI.

 2 Department of Anesthesiology, University of Wisconsin 
School of Medicine & Public Health, Madison, WI.

3 Department of Anesthesia and Intensive Care Unit, Regional 
University Hospital of Montpellier, St-Eloi Hospital, University 
of Montpellier, Phymedexp, Université de Montpellier, 
Inserm, CNRS, CHRU de Montpellier, Montpellier, France.

 4 Department of Anesthesiology, University of Wisconsin 
School of Medicine & Public Health, Madison, WI.

 5 Department of Medicine, Division of Pulmonary & Critical 
Care Medicine, University of Mississippi Medical Center, 
Jackson, MS.

6 Department of Medicine, Division of Allergy, Pulmonary and 
Critical Care Medicine, Vanderbilt University Medical Center 
& Medical Director, Nashville, TN.

7 Departments of Anesthesiology Critical Care and Emergency 
Medicine, Wake Forest School of Medicine, Winston-Salem, 
NC.

 8 Department of Medicine, Division of Pulmonary, Allergy & 
Critical Care Medicine, University of Alabama at Birmingham 
Heersink School of Medicine, Birmingham, AL.

 9 Department of Medicine, Baylor College of Medicine, 
Adjunct Clinical Professor, Texas A&M School of Medicine, 
Temple, TX.

 10 Department of Medicine, Section on Pulmonary, Critical 
Care, Allergy and Immunologic Medicine, Wake Forest 
School of Medicine, Critical Illness, Injury and Recovery 
Research Center, Winston-Salem, NC.

 11 Department of Emergency Medicine, University of Colorado 
School of Medicine, Aurora, CO.

 12 Department of Anesthesiology, Division of Anesthesia 
Critical Care Medicine, Medical Director—Neuro Intensive 
Care Unit, Vanderbilt University Medical Center & Critical 
Illness, Brain Dysfunction, and Survivorship Center, 
Nashville, TN.

 13 Department of Medicine, Section of Pulmonary & Critical 
Care Medicine, Lousiana State University School of 
Medicine New Orleans, New Orleans, LA.

TABLE 3.
Unadjusted Rate of Intubation Complications, Only Between Patients With and Without 
Diabetes Mellitus

Clinical Characteristic Whole Sample No DM DM p

Total number (n) 2654 2016 638

Multiple intubation attempts (%) 409 (15.4) 317 (15.7) 92 (14.4) 0.46

Any airway complication 1007 (37.9) 753 (37.4) 254 (39.8) 0.29

Specific complications, including:

 Cardiac arrest within 1 hr 42 (1.6) 31 (1.5) 11 (1.7) 0.88

 Hospital mortality 957 (36.1) 727 (36.1) 230 (36.1) 0.99

 Aspiration 36 (1.4) 33 (1.6) 3 (0.5) 0.043

 Heart rate < 40 beats/min 16 (0.6) 11 (0.5) 5 (0.8) 0.70

 Low systolic blood pressure 309 (11.6) 234 (11.6) 75 (11.8) 0.98

 Hypoxia 761 (28.7) 563 (27.9) 198 (31.0) 0.14

 Severe hypoxia 367 (13.8) 273 (13.5) 94 (14.7) 0.49

 Airway trauma 5 (0.2) 4 (0.2) 1 (0.2) 0.99

 Esophageal intubation 34 (1.3) 26 (1.3) 8 (1.3) 0.99

DM = diabetes mellitus.

“Any airway complication” refers to a composite of the specific complications listed. p values describe the relationship between the listed 

complication and diabetes status. Occurrences are displayed as count (%). p values are unadjusted.
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 14 Department of Medicine, Division of Pulmonary, Allergy & 
Critical Care Medicine, Oregon Health & Science University, 
Portland, OR.

 15 Department of Emergency Medicine, University of 
Washington School of Medicine, Seattle, WI.

 16 Department of Emergency Medicine, University of 
Washington School of Medicine, Seattle, WI.

 17 Department of Medicine, Division of Pulmonary, Allergy & 
Critical Care Medicine, University of Alabama at Birmingham 
Heersink School of Medicine, Birmingham, AL.

 18 Department of Medicine, Division of Pulmonary, Allergy & 
Critical Care Medicine, University of Alabama at Birmingham 
Heersink School of Medicine, Birmingham, AL.

 19 Birmingham Veteran’s Affairs Medical Center, Pulmonary 
Section, Department of Veteran’s Affairs, Birmingham, AL.

 20 Department of Emergency Medicine, Vanderbilt University 
Medical Center, Nashville, TN.

 21 Department of Medicine, Division of Allergy, Pulmonary 
and Critical Care Medicine, Vanderbilt University Medical 
Center & Medical Director, Center for Learning Healthcare, 
Vanderbilt Institute for Clinical and Translational Research, 
Nashville, TN.

 22 Department of Medicine, Division of Pulmonary & Critical 
Care Medicine, Lahey Hospital & Medical Center, Burlington, 
MA.

 23 Department of Emergency Medicine, Denver Health Medical 
Center, Denver, CO.

 24 Department of Pulmonary & Critical Care Medicine, Ochsner 
Health, New Orleans, LA.

 25 Department of Emergency Medicine, NYC Health + 
Hospitals, Lincoln, Bronx, NY.

 26 Department of Medicine, University of Wisconsin School of 
Medicine & Public Health, Madison, WI.

Supplemental digital content is available for this article. Direct 
URL citations appear in the printed text and are provided in the 
HTML and PDF versions of this article on the journal’s website 
(http://journals.lww.com/ccmjournal).
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