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Disease Staging: Prevalence of Cardiorespiratory

Complications in Type 2 Diabetes Mellitus

Maria Cristina Carrondo, PhD

Introduction: The incidence of cardiorespiratory complications in diabetic patients is a major
concern for healthcare organizations and providers in Portugal. The objectives of this study were (1)
to study the prevalence of cardiorespiratory complications during hospitalization in the diabetic
population and (2) to identify their associated factors.

Methods: This is a cross-sectional study and included 7,347 diabetic patients admitted to all
specialty services enrolled between January |, 2018 and December 31,2018 in 32 public hospitals in
Portugal. Hospital discharge summary data and both Disease-Related Diagnosis Groups and Disease
Staging were used. Descriptive statistical analysis was used where the distribution and rates of
cardiorespiratory complications were calculated. Logistic regression using the risk adjustment model
was used to calculate the associated risk factors for cardiorespiratory complications.

Results: The total rate of cardiorespiratory complications was 18.2% cardiorespiratory complications;
in women it was 21.5% and in men 15.6%. The comorbidity of congestive heart failure (98.0%) was
significantly higher (P<0.001) among patients undergoing medical treatment, and the comorbidities
bacterial pneumonia and coronary artery disease without prior coronary revascularization were
significantly higher (63.9%, 45.1%, and 33.4%, P<0.001).

Discussion: The use of different therapies to control glucose levels and the absence of antibiotic
prophylaxis during medical treatment may account for these data.

Conclusions: Cardiorespiratory complications were higher in women than in men and in those who
received medical treatment. Comorbidities such as congestive heart failure, such as bacterial
pneumonia and coronary artery disease without prior coronary revascularization were identified as
risk factors.
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has become a growing worldwide epidemic.!? In

2015, approximately 415 million adults (aged 20-79
years) had T2DM and it is estimated that number will be 629
million by 2045." Globally, the prevalence of diabetes in
adults aged 18 years and older increased from 9.5% in 1999-
2002 to 12.0% in 2013-2016.. In 2016, a total of 7.8 million
hospital discharges were recorded, with diabetes listed as any
diagnosis among U.S. adults aged 18-years and older (339.0
per 1,000 adults with diabetes). These discharges include: 1.7
million for major cardiovascular disease (75.3 per 1,000
adults with diabetes), including 438,000 for ischemic heart
disease (18.9 per 1,000 adults with diabetes) and 313,000 for
stroke (13.6 per 1,000 adults with diabetes)’. In Portugal,
hospital admission rates for 88-870 adults increased 82.7%
between 2006 and 2015, with acute myocardial infarction
being the leading cause of hospitalization.*

O ver the past decade, type 2 diabetes mellitus (T2DM)

Studies®” have reported that cardiorespiratory complications
are more prevalent in people with diabetes, particularly in
older men. Among the most frequent cardiorespiratory
complications in T2DM are arrhythmias and sudden death,
coronary heart disease, cardiomyopathy, cerebrovascular
disease, and peripheral artery disease.® Ma et al’ showed that
3.2% of cardiorespiratory complications (such as postoperative
pneumonia) were associated with hospitalization, and 1.8%
of these complications were caused by multiple surgeries. It
is difficult to determine the actual incidence of cardio-
respiratory complications in Portuguese public hospitals, as
there are no published studies. But in 2015, about 29.5% of
patients with diabetes were admitted to public hospitals for
stroke, and 32.4% for acute myocardial infarction'.

Several studies'""* have reported that risk factors such as
severe hypoglycemic complications, advanced age, and the
presence of comorbidities (dyslipidemia, hypertension,
obesity, and renal failure) may increase the occurrence of
cardiorespiratory complications in patients with diabetes
during hospitalization. Another study'* showed that duration

Table 1. Demographic characteristics

of surgery, number of reoperations, type of hospitalization,
and admission to the intensive care unit were risk factors for
complications during hospitalization in patients with T2DM.

This study aimed to investigate the prevalence of
cardiorespiratory complications per episode and identify their
risk factors per patient.

Methods

This is a cross-sectional study and medical data from the
National Hospital Morbidity Database provided by the Central
Administration of the Health System were used. The study
was conducted in 32 public hospitals in Portugal between
January 1 and December 31, 2018. The medical data of 7,347
patients with T2DM were reviewed. Inclusion criteria were
hospitalized patients over age 18 years with T2DM as the
main diagnosis. Exclusion criteria included patients with type
1 diabetes mellitus, with a history of cardiorespiratory
complications, and with chronic obstructive pulmonary
disease. The Diagnosis Related Groups (DRG) were used to
identify T2DM episodes (DX codes 250.00) as the principal
diagnosis and (2) Disease Staging*'® version 5.26 was used to
identify the severity of T2DM, its comorbidities and stages,
and cardiorespiratory complications.

The parameters for cardiorespiratory complications were as
follows: code 42741, ventricular fibrillation; code 42724,
ventricular flutter; code 5121, iatrogenic pneumothorax; code
5184, acute lung edema NOS; and code 51881, acute
respiratory failure. Cardiorespiratory complications started
from the first day of admission until discharge from the
hospital were collected. Cardiorespiratory complications were
defined as the adverse outcome and dependent variable that
assumed the values: 0 (without infection) and 1 (with
infection). Independent variables were selected from variables
previously reported*'® as follows:

(1) Length of hospitalization;

(2) The three stages of severity of main disease;*!

Age (years), n (%)

Population Lo(t"a/:) 18-64 65-74 75-84 > 85 Mean = SD
Sex Men 3757 (51.1) 1284 (60.7) 1053 (57.5) 1066 (45.8) 354 (33.0) 69+13
Women 3590 (48.9) 832 (39.3) 779 (42.5) 1259 (54.2) 720 (67.0) 7313
Severity of Stage 1 428 (5.8)
T2DM Stage 2 2840 (38.7)
Stage 3 4079 (55.5)
Treatment type  Surgical 1813 (24.7)
Medical 5534 (75.3)
Abbreviations: T2DM, type 2 of diabetes mellitus; SD, standard deviation
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(3) The comorbidities and stage: lipid abnormalities
(NUTS82); essential hypertension (CVS13); obesity
(NUTO02); coronary artery disease without prior
coronary revascularization (CVS11); cerebrovascular
disease (NEUO4); congestive heart failure (CVS09);
pneumonia: bacterial (RESI15); renal failure
(GUSO08); other disorders of the respiratory system
(RES83); rhino, adeno, and corona virus infections
(RES24); neoplasm, malignant: colon and rectum

Table 2. Cardiorespiratory complications rate by sex, age,
severity of T2DM, comorbidities, and treatment type

Variables Rate (%) OR P value
Men (ref.) 15.6 148  <0.001
Sex
Women 215
Age (years) 18-64 (ref.) 9.7
65-74 15.6 1.71 <0.001
75-84 25.2 3.12 <0.001
Above 85 30.2 4.03 <0.001
Severity of T2DM Stage 1 (ref.) 13
Stage 2 6.7 0.48 0.019
Stage 3 28.3 2.65 <0.001
Comorbidities NUTS82 (ref.) 18.5
CVS13 329 216  <0.001
NUTO02 27.2 165 <0.001
CVsi1 334 2.21 <0.001
NEUO04 23.5 1.35 0.035
CVS09 98 211.68 <0.001
RES15 451 3.62 <0.001
GUS08 34.2 229  <0.001
RES83 63.9 7.79  <0.001
RES24 451 3.62 <0.001
GISs27 19 1.04 0.898
RES13 0 0.16 0.191
GIS30 38.9 2.81 0.035
Treatment type  Surgical (ref.) 9.7 319  <0.001
Medical 254

NUT82, lipid abnormalities; CVS13, essential hypertension; NUT02,
obesity; CVS11, coronary artery disease without prior coronary
revascularization; NEUO4, cerebrovascular disease; CVS09,
congestive heart failure; RES15, pneumonia: bacterial; GUS08, renal
failure; RES83, other disorders of the respiratory system; RES24,
rhino, adeno, and corona virus infections; GIS27, neoplasm,
malignant: colon and rectum; RES13, neoplasm, malignant: lungs,
bronchi, or mediastinum; GIS30, neoplasm, malignant: stomach.
Rate (%) = Total number of patients with complication/ sum of patient
at risk without complication and at risk with complication *100,
Abbreviation: T2DM, type 2 of diabetes mellitus; OR, odds ratio; ref.,
reference group.

(GIS27); neoplasm, malignant: lungs, bronchi, or
mediastinum (RES13); and neoplasm, malignant:
stomach (GIS30). For all comorbidities, I considered
the three stages;*!?

(4) Treatment type: surgical and medical treatment
(according to the DRG criteria).

(5) Age and sex.

Bivariate analysis was used to determine the prevalence of
cardiorespiratory complications. The distribution and the rate
of cardiorespiratory complications were calculated using the
following formula:"’

Cardiorespiratory complication rate = total number of
patients with complication/sum of patients at risk without
complication and at risk with complication * 100.

Cardiorespiratory risk*'* was explicitly assessed according to
the relationship between the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
principal and secondary diagnosis codes and defined as (i) a
patient at risk for a specific complication and (ii) a patient
withevidence ofapotential complication during hospitalization.

Multivariate logistic regression analysis was used to determine
the risk factors for cardiorespiratory complications
(cardiorespiratory complications [dependent variable] and risk
factors [independent variables]). The forward conditional
method was used for stepwise selection of the variables,
whereas the Hosmer and Lemeshow (H-L) test was used to
adjust the model with the independent variables. For the
validation of the model, its discriminatory capability,
sensitivity, and specificity were analysed using the area under
the curve of the receiver operating characteristic curve
(AUROC) (c) OR values were presented with their respective
95% confidence intervals (CI) or P values. The P value set to
indicate statistical significance was P<0.05. All statistical
analyses were performed using the IBM SPSS Statistics for
Windows, Version 23.0 (Armonk, NY: IBM Corp).

Results

Study Participants

Of the 7,347 patients with T2DM who were admitted, 3,757
(51.1%) patients were men, and 3,590 (48.9%) were women.
Most patients were elderly: 71.1% of the participants were
over 61 years-of-age. The average length of hospital stay was
12 days (SD + 18 days). The total rate of cardiorespiratory
complications was 18.2%. Patient characteristics are shown in
Table 1.

Cardiorespiratory Complication Rates

Rates of cardiorespiratory complications were higher in
women than in men (21.5% vs 15.6%; OR=1.48; P<0.001),
and significantly higher in those who received medical
treatment than in those who received surgical treatment
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Table 3. Logistic regression analysis for cardiorespiratory
complications in diabetic patient.

Cardiorespiratory complications

Independent variables OR (95% CI)
Age (years) 1.029 (1.017-1.040)
gl;l;lst)ion of hospitalization 1.009 (1.004-1.014)
Stages NEU0O4

Without (Ref.) 1

Stage 1 1.798 (1.121-2.883)
Stages RES15

Without (Ref.) 1

Stage 1 2.067 (1.319-3.238)

Stage 2 3.811 (1.378-10.537)

Stage 3 94.370 (20.115-442.729)
Stages RES24

Without (Ref.) 1

Stage 1 3.824 (2.005-7.295)
Stages CVS11

Without (Ref.) 1

Stage 1 1.694 (1.183-2.425)

Stage 2 38.562 (22.009-67.562)

Stage 3 8.245 (3.878-17.530)
Stages GUS08

Without (Ref.) 1

Stage 3 3.868 (1.298-11.524)
Stages CVS13

Without (Ref.) 1

Stage 3 2.787 (2.082-3.731)
Stages RES83

Without (Ref.) 1

Stage 1 2.128 (1.004-4.509)

Stage 2 11.693 (7.176-19.054)

Stage 3 836.791 (56.740-12340.760)
Stages CVS09

Without (Ref.) 1

Stage 3 642.300 (221.745-1860.471)
Stages NUTO02

Without (Ref.) 1

Stage 2 1.614 (1.531-241.126)
Constant 1621.210

NEUO04, cerebrovascular disease; RES15, bacterial pneumonia;
RES24, rhino, adeno, and corona virus infections; CVS11, coronary
artery disease without prior coronary revascularization; GUS08, renal
failure; CVS13, essential hypertension; RES83, other disorders of the
respiratory system; CVS09, congestive heart failure; NUT02, obesity
Abbreviations: OR, odds ratio; Cl, confidence interval; Ref., reference
group; T2DM, type 2 of diabetes mellitus

(25.4% vs 9.7%; OR=3.19; P<0.001). Table 2 shows the
cardiorespiratory complication rate values by sex, age
(stratified), T2DM severity, comorbidities, and type of
treatment.

Risk Factors

Multivariate regression analysis showed the predictors of
cardiorespiratory complications were as follows: age 18 years
and older (OR=1.029; 95% CI=1.017-1.040); duration of
hospitalization (OR=1.009; 95% CI=1.004-1.014);
comorbidity of cerebrovascular disease stage 1 (OR=1.798;
95% CI=1.121-2.883); comorbidity of bacterial pneumonia
stage 1 (OR=2.067; 95% CI=1.319-3.238), stage 2 (OR=3.
811; 95% CI=1.378-10.537), and stage 3 (OR=94.370; 95%
CI=20.115-444.729); comorbidity of stage 1 rhinovirus,
adeno, and coronavirus infections (OR=3.824; 95% CI=2.005-
7.295); comorbidity of stage 1 coronary artery disease without
prior coronary revascularization (OR=1.694; 95% CI=1.183-
2.425), stage 2 (OR=38.562; 95% CI=22.009-67.562) and
stage 3 (OR=8.245; 95% CI=3.878-17.530); comorbidity of
stage | renal failure (OR=3.868; 95% CI=1.298-11.524);
comorbidity of stage 1 essential hypertension (OR=2.787;
95% CI=2.082-3.731); stage 1 comorbidity of other respiratory
system disorders (OR=2.128; 95% CI=1.004-4.509), stage 2
(OR=11.693; 95% CI=7.176-19.054), and stage 3
(OR=836.791; 95% CI=56.740-12340.760); stage 3 congestive
heart failure comorbidity (OR=642.300; 95% CI=221.745-
1860.471); and stage 2 obesity comorbidity (OR=1.614; 95%
CI=1.531-241.126. Table 3 shows the result of the logistic
regression analysis with cardiorespiratory complications as
the dependent variable. The P value found for the model was
P <0.001 in Table 4. The H-L test revealed a P value of 0.970
in Table 5, and the area under curve was 0.926, indicating the
model had a good sensitivity and specificity.

Discussion

In this study, individuals with diabetes who were at higher risk
for cardiorespiratory complications during hospitalization
were identified. The rate of cardiorespiratory complications in
our study was 18.2% and was more frequent in elderly women
than in men, contradicting previous studies,>”!'® which indicate
a higher and more frequent rate in men. A possible explanation
for these results could be different study designs and
differences in delivery systems and health care for the diabetic
population.

With regard to diabetes severity, this study found a higher rate
of cardiorespiratory complications in stage 1 diabetics than in
those with stage 2 diabetes (13.0% vs 6.7% respectively;
OR=0.48), also contradicting previous studies.'”? However,
Stahn et al*' showed that diabetics using metformin and/or
dipeptidyl peptidase-4 inhibitors to control their disease had
more asymptomatic and severe hypoglycaemia and more
ventricular arrhythmias than patients taking insulin and/or
sulfonylurea, in addition to knowing their cardiovascular
disease, so our results may indicate ineffective glycemic
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Table 4. Omnibus tests of model coefficients

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Step 8

Step 9

Step 10

Step 11

Step 12

Step 13

Step 14

Abbreviations: Df, degrees of freedom; Sig., significance

Step
Block
Model
Step
Block
Model
Step
Block
Model
Step
Block
Model
Step
Block
Model
Step
Block
Model
Step
Block
Model
Step
Block
Model
Step
Block
Model
Step
Block
Model
Step
Block
Model
Step
Block
Model
Step
Block
Model
Step
Block
Model

Chi-square
662.145
662.145
662.145
281.015
943.160
943.160
247.381
1190.541
1190.541
123.207
1313.748
1313.748
144.300
1458.047
1458.047
53.268
1511.315
1511.315
a41.217
1552.532
1552.532
55.486
1608.018
1608.018
136.110
1744.128
1744.128
30.199
1774.327
1774.327
10.602
1784.929
1784.929
11.166
1796.094
1796.094
8.332
1804.426
1804.426
5.484
1809.910
1809.910

Df

W N NWPAE PO

NN =S NN NN W= = NS w22 NS =
= 2 © o & © o N N o o NN o o

1
72
72
3
75
75
1
76
76
2
78
78

Sig.
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
<0.001
<0.001
.000
<0.001
<0.001
.000
<0.001
<0.001
.000
<0.001
<0.001
.000
<0.001
<0.001
<0.001
<0.001
<0.001
.011
<0.001
<0.001
.004
<0.001
<0.001
.064
<0.001
<0.001

Table 5. Hosmer and Lemeshow test

Step Chi-square Df Sig.

1 .000 0

2 .000 1 1

3 0.380 1 0.537
4 2122 2 0.346
5 5.361 3 0.147
6 11.469 5 0.043
7 13.726 5 0.017
8 22.169 7 0.002
9 12.637 8 0.125
10 10.376 8 0.240
11 10.917 8 0.206
12 10.063 8 0.080
13 10.792 8 0.045
14 10.475 8 0.097

Abbreviations: Df, degrees of freedom; Sig., significance

control in patients with stage 1 diabetes and differences in the
medication used for diabetes control

This study indicates the cardiorespiratory complication was
more frequent after medical treatment than after surgical
treatment, contradicting previous studies.” This is attributed
to the antihyperglycemic therapies administered to diabetics
with poor glycemic control during hospitalization.?** The
difference in the frequency of cardiorespiratory complications
between treatment types may be due to the different therapeutic
strategies used to control glucose levels, so I speculated that
(i) antibiotic prophylaxis was administered in patients
undergoing surgery, and (ii) there was better management of
these patients throughout the perioperative period. In addition,
most of these diabetics are not treated by endocrinology or
internal medicine during hospitalization, which may also
contribute to these results.

Several epidemiological studies'®**% have shown that the
duration and type of cardiorespiratory complications increase
the likelihood that a patient with T2DM will have worsening
comorbidities. The present study found that cerebrovascular
disease, bacterial pneumonia, rhino, adeno, and coronavirus
infections, coronary artery disease without prior coronary
revascularization, renal failure, hypertension, congestive
heart failure, obesity, and other respiratory system disorders
were risk factors for cardiorespiratory complications. These
results may be justified by metabolic disturbances such as
insulin  resistance, compensatory hyperinsulinemia,
inflammation,?® and hypoglycemia.?’?® These results indicate
the need for more effective clinical safety protocols for
physicians and nursing staff. However, the comorbidity of
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bacterial pneumonia and the comorbidity of other respiratory
system disorders may be due to (1) ineffective prophylactic
measures, (2) differences in clinical practice, and (3)
differences in hospital resource utilization, such as previous
studies.**"%

This study has some limitations. First, it lacks biochemical
data, particularly glycemic values at pre- and post-treatment
that may result in less favorable outcomes. And second, it is
not know whether the cause of the cardiorespiratory
complication was preventable or not, because ICD9 codes
were used. In future studies, other instruments such as
clinical files and biochemical data results should be used.
However, ICD9 or ICD10 codes should continue to be used,
because they are easily accessible, allowing us to use them in
large samples, as is the case in the present study.

Conclusion

The study concluded that the highest risk factors associated
with cardiorespiratory complications were congestive heart
failure, bacterial pneumonia, and coronary artery disease
without prior coronary revascularization, and the rate of
complications was more frequent in women undergoing
medical treatment. Given the increasing incidence of T2DM
in Portugal, effective guidelines on diabetes management
before and after hospitalization are needed. In the inpatient
setting, more effective health policies should be implemented
to manage T2DM, namely involving internal medicine and
endocrinology services, as diabetics may be hospitalized in
different specialty services. Blood glucose should be
monitored before and after medical treatments, and safe
protocols should be adopted to reduce cardiorespiratory
complications. In the outpatient setting, home visits by nurses
are crucial for those with limited access to health care to help
diabetic patients manage their disease and risk factors, such
as hypertension and obesity. Another health policy should be
health education on diet and nutrition to be adopted by
patients to reduce metabolic risk factors and to make them
aware of the silent signs and symptoms of their disease to
prevent late complications. More national studies should be
conducted, and the results disseminated to ensure better
clinical practice.
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