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Objective: This study established an individualized nomogram for predicting the risk of
multidrug-resistant bacterial (MDRB) infection in patients with the diabetic foot (DF), and
providing a reference for clinical prevention and treatment.

Methods: A total of 199 DF patients admitted to the hospital from July 2015 to
December 2018 were included in this study. The pathogenic bacteria at the site of infection
were detected and the factors affecting the occurrence of MDRB infection in DF patients
summarized. The R software was used to draw the nomogram, and the Bootstrap Method
used to internally verify the model. The calibration curve and the Harrell’s Concordance
Index (C-index) were used to evaluate the predictive effect of the nomogram model.
Results: Logistic regression analysis showed that age, course of diabetes, previous use of
antibacterial drugs, types of antibacterial drugs, and osteoporosis were risk factors for
multidrug-resistant infections in DF (P<0.05). The area under the receiver operating char-
acteristic curve (AUC, Area Under Curve) of the nomogram model after internal verification
was 0.773 (95% CI: 0.704-0.830). The mean absolute error between the predicted prob-
ability of infection in the nomogram and the actual occurrence of MDRB was 0.032,
indicating that the nomogram model had good forecasting efficiency and stability.
Conclusion: The risk factors for multidrug-resistant infections in DF are age, course of
diabetes, previous use of antibacterial drugs, types of antibacterial drugs used, and osteo-
porosis. The nomogram model drawn on these risk factors has good predictive accuracy and
can assist medical staff in formulating targeted infection prevention strategies for patients.
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Introduction

Diabetic foot (DF) is one of the serious complications that cause disability and
death in diabetic patients in our country. Studies have shown that about 18% of
elderly diabetic patients can develop DF.! DF includes neurological, ischemic, and
mixed lesions, which can manifest as ulcers, infections, and gangrene.2 In all non-
traumatic low amputations, diabetic patients accounted for 40% to 60%. Among
diabetes-related low distal amputations, 85% occurred after foot ulcers.> A multi-
center survey confirmed that about 40% to 80% of DF ulcers were co-infected.*>
With the increase of multidrug-resistant bacteria (MDRB) in recent years, it is
difficult to treat DF infections. Therefore, clarifying the factors influencing MDRB
infection in patients with DF could improve the prognosis of patients and reduce the
economic burden.® This study integrated risk factors through the predictive model
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confirmed to have good discrimination, calibration, and
clinical applicability, with an aim of providing evidence
and reference for the clinical prevention and treatment
of DF.

Patients and Methods

Patients Characteristics

One hundred and ninety-nine DF patients were from the
First Affiliated Hospital of the University of Science and
Technology of China sampled from July 2015 to
December 2018. The inclusion criteria as follows: (1)
Met the 1999 WHO Diabetes Diagnostic Criteria; (2)
Met the diagnostic criteria of DF in “Guidelines for the
Prevention and Control of Type 2 Diabetes in China (2017
Edition)”” and “Chinese Guideline on Prevention and
Management of DF (2019 Edition)”.*'" The patients
with incomplete clinical data; malnutrition circulatory
ulcers of the lower limbs caused by varicose veins; and
foot ulcers caused by other diseases were excluded from
the study. This research protocol complied with the ethical
standards in the Declaration of Helsinki and was approved
by the ethics committee of the China Clinical Trial
Registration Center. Since this study was a retrospective
observational study, the research data were collected and
analyzed under anonymity, thus informed consent was
exempted.

Study Methods

Clinical data that included gender, age, length of stay in
the hospital, course of diabetes, past medical history, dia-
betes complications and comorbidities, treatment plan,
type and number of days of antibacterial drugs, and aux-
iliary examinations were collected through the electronic
medical record of the hospital information system. “Type
of antibacterial drugs” in this study included antibiotics
and chemically synthesized antimicrobials. The antibiotics
mainly include B-lactams antibiotics, aminoglycosides, tet-
racyclines, chloramphenicol, macrolides, Lincosamides,
glycopeptides, antifungal antibiotics, and anti-tumor anti-
biotics. Chemically synthesized antimicrobials mainly
include sulfonamides, quinolones, trimethoprim, nitrofur-
ans, nitroimidazoles, and oxazolones. The sample size
calculation of our study was based on our primary objec-
tive (binary outcome). In prediction studies, the number of
outcome events dictated the effective sample size. Based
on some empirical investigations, the sample was defined
to have at least 10 outcome events per variable (EPV) in

multivariate regression analysis, or more precisely per
estimated parameter. Our sample and the number of events
exceeded that determined by the EPV approach for deter-
mining sample sizes and thus, was expected to provide
robust estimates.

Statistical Analysis

The original data were analyzed by statistical software
R (version 3.6.1). Normally distributed measurement data
were represented by mean = standard deviation (X4s),
Categorical data were represented by a number of cases,
rate, and percentage, and grade data was represented by
a number of cases and percentages. Univariate logistic ana-
lysis and multivariate logistic regression analysis were used
to screen for the independent influencing factors. Based on
the logistic regression analysis results, the “regplot” package
was used to draw the nomogram, the “pROC” package was
used to draw the ROC curve, and the area under the ROC
curve (Area Under Curve, AUC) was used to evaluate the
distinction of the nomogram model. The “rms” package was
used to draw the calibration curve, and the calibration of the
nomogram model was evaluated using the mean absolute
error (MAE) of the calibration curve. The “rmda” package
was used to draw the Decision Curve Analysis (DCA) to
evaluate the clinical applicability of the nomogram model.
To prevent overfitting, the nomogram model was verified
internally using the Bootstrap Method. P<0.05 was consid-
ered statistically significant.

Results

Description of the Microbes Including

MDRB

Among the DF patients, 101 (50.75%) were infected with
MDRB. A total of 212 strains of pathogenic bacteria were
isolated. One hundred and fifteen strains were MDRB with
66 (57.39%) and 49 (42.61%) strains being gram-positive
and gram-negative bacteria, respectively. Specific distribu-
tion is presented in Table 1.

Patients’ Characteristics

The median age at diagnosis was 62.29 + 9.16 years, and
the male to female ratio was 117:82. Other general infor-
mation is given in Table 2.

Single-Factor Analysis Results
The univariate logistic analysis results indicated that age,
diabetes course, use of antibacterial drugs in the past,

submit your manuscript

628

Dove

Infection and Drug Resistance 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Ma et al

Table | Constituent Ratios of the Isolated MDRB (%)

Pathogenic Bacteria Number of Strains Ratio (%)
Grame-positive bacteria 66 57.39
Staphylococcus aureus 30 26.09
Enterococcus faecalis 12 10.43
Staphylococcus epidermidis 9 7.83
Bird enterococcus 5 435
Staphylococcus haemolyticus 3 2.6l
Others 7 6.09
Gram-negative bacteria 49 42.61
Proteus 17 14.78
Klebsiella pneumoniae 10 8.70
Escherichia coli 9 7.83
Morgan Morgan 3 2.6l
Serratia marcescens 2 1.74
Citrobacter freundii 2 1.74
Providencia rettgeri 2 1.74
Others 4 3.48
Total 115 100

Abbreviation: MDRB, multidrug-resistant bacteria.

types of antibacterial drugs used, presence of blood system
diseases (mainly including anemia, polycythemia, hemato-
poietic stem cell diseases, various lymphomas, bleeding
and thrombosis Diseases, etc.) and presence of osteoporo-
sis were the six possible risk factors for MDRB infection
in patients with DF (P<0.05) (Table 3).

Multivariate Regression Analysis Results
The incidence of MDRB infection in DF was used as the
dependent variable, and 6 variables with statistical signifi-
cance in the univariate logistic analysis were used as the
independent variables to perform multivariate Logistic
regression analysis. The logistic model screened out 5
independent risk factors for the occurrence of infections.
Age, course of diabetes, whether antibacterial drugs have
been used in the past, types of antibacterial drugs used,
and presence of osteoporosis were the 5 independent risk
factors for MDRB infection in patients with DF (P< 0.05)
(Table 4).

Establishment of Nomogram

Based on the logistic regression analysis results, the
nomogram model was established using the “regplot”
package with the 5 independent risk factors as the test
variables, and the occurrence of MDRB infection in the
patient as the state variable (Figure 1). The specific
calculation formula for predicting the risk of infection
with DF by nomogram was Logit(P)=—5.395+1.523*

(osteoporosis=Yes)+0.051*age+0.930*(Course  of dis-
ease>10 years)+0.894*(Previous use of antibacterial
drugs=Yes)+1.242*(Types of antibacterial drugs>2).

The score of each variable in the nomogram was
obtained by drawing a vertical line up to the score
scale line whereas the total score of the patient was
obtained by adding the scores of all variables. To get
the predicted probability of the patient’s MDRB infec-
tion, a vertical line was drawn going down through the
bottom total scoreline to the predicted probability line.

For example, if a patient with DF was 55 years old, had
used antibacterial drugs in the past, currently using more
than two kinds of antibacterial drugs, has a course of
diabetes of more than 10 years, and but without osteoporo-
sis, the total score of this patient would be 278 (38+43+60
+65+72=278) points, the corresponding MDRB infection
risk would be 0.618 (Figure 2).

Evaluation of Clinical Applicability of

Nomogram

The DCA curve of the nomogram model was drawn
through the “rmda” package (Figure 3). When the pre-
dicted probability was between 0.1 and 0.95, the nomo-
gram model had good clinical applicability.

Verification of Nomogram

The ROC curve of the nomogram was drawn by the
“pROC” package. The ROC curve showed that the AUC
of the nomogram was 0.766 (95% CI: 0.701-0.831) and
the AUC of the nomogram was better than the AUC of
any single risk, as shown in Figure 4. The bootstrap
method (re-sampling times=500) was used to internally
verify the nomogram to prevent overfitting. After inter-
nal verification, the AUC of the nomogram model was
0.773 (95% CI: 0.704-0.830), indicating that the model
had good and relatively stable discrimination (Figure 5).
After internal verification, the “rms” program package
was used to draw the calibration curve. The mean abso-
lute error between the prediction probability of the
nomogram and the actual risk of MDRB infection was
0.032, revealing a good prediction consistency and cali-
bration (Figure 6).

Discussion
Clinical studies have shown that the concurrent infection
of DF is a significant cause of amputation,'? and that the

prognosis of patients with MDRB infection was worse.
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Table 2 Description of Baseline Data of Subjects

3 types and above

109 (54.77%)

Demographic Characteristics Total Non-MDRB Group (n=98) MDRB Group (n=101)
Age (years) 6229 +9.16 60.11 =951 64.40 + 8.32
BMI (kg/m?) 2490 + 4.16 24.58 + 4.02 25.22 + 429
Fasting blood glucose (mmol/L) 13.19 £ 7.46 12.46 + 7.69 13.89 + 7.21
HbAlc (%) 9.74 £ 2.62 9.57 £2.62 9.90 + 2.63
Basic illness
| type 33 (16.58%) 16 (16.33%) 17 (16.83%)
2 types 57 (28.64%) 24 (24.49%) 33 (32.67%)

58 (59.18%)

51 (50.50%)

With hypertension
No
Yes

96 (48.24%)
103 (51.76%)

42 (42.86%)
56 (57.14%)

54 (53.47%)
47 (46.53%)

With kidney disease
No
Yes

127 (63.82%)
72 (36.18%)

64 (65.31%)
34 (34.69%)

63 (62.38%)
38 (37.62%)

With blood system disease
No
Yes

159 (79.90%)
40 (20.10%)

84 (85.71%)
14 (14.29%)

75 (74.26%)
26 (25.74%)

With cardiovascular disease
No
Yes

174 (87.44%)
25 (12.56%)

84 (85.71%)
14 (14.29%)

90 (89.11%)
I (10.89%)

With cerebral infarction
No
Yes

144 (72.36%)
55 (27.64%)

65 (66.33%)
33 (33.67%)

79 (78.22%)
22 (21.78%)

With hyperlipidemia
No
Yes

176 (88.44%)
23 (11.56%)

83 (84.69%)
15 (15.31%)

93 (92.08%)
8 (7.92%)

With osteoporosis

Primary school or below
Middle School

University or above

105 (52.76%)
37 (18.59%)
57 (28.64%)

No 167 (83.92%) 92 (93.88%) 75 (74.26%)

Yes 32 (16.08%) 6 (6.12%) 26 (25.74%)
Sex

Male 117 (58.79%) 54 (55.10%) 63 (62.38%)

Female 82 (41.21%) 44 (44.90%) 38 (37.62%)
Education

47 (47.96%)
20 (20.41%)
31 (31.63%)

58 (57.43%)
17 (16.83%)
26 (25.74%)

Course of disease
<10 years

2|0 years

111 (55.78%)
88 (44.22%)

66 (67.35%)
32 (32.65%)

45 (44.55%)
56 (55.45%)

Previous use of antibacterial drugs
No
Yes

77 (38.69%)
122 (61.31%)

48 (48.98%)
50 (51.02%)

29 (28.71%)
72 (71.29%)

Types of antibacterial drugs
<2
2

32 (16.08%)
167 (83.92%)

23 (23.47%)
75 (76.53%)

9 (8.91%)
92 (91.09%)

Abbreviations: MDRB, multidrug-resistant bacteria; BMI, body mass index; HbAlc, hemoglobin Alc.
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Table 3 Single-Factor Logistic Analysis of Risk Factors for Infection in Patients with DF
Demographic Characteristics Statistics OR (95% CI)
Basic illness
| type 33 (16.58%) Ref
2 types 57 (28.64%) 1.29 (0.55, 3.06) 0.5576
3 types and above 109 (54.77%) 0.83 (0.38, 1.80) 0.6342
With hypertension
No 96 (48.24%) Ref
Yes 103 (51.76%) 0.65 (0.37, 1.14) 0.1351
With kidney disease
No 127 (63.82%) Ref
Yes 72 (36.18%) 1.14 (0.64, 2.03) 0.6672
With blood system disease
No 159 (79.90%) Ref
Yes 40 (20.10%) 2.08 (1.01, 4.28) 0.0463
With cardiovascular disease
No 174 (87.44%) Ref
Yes 25 (12.56%) 0.73 (0.32, 1.71) 0.4713
With cerebral infarction
No 144 (72.36%) Ref
Yes 55 (27.64%) 0.55 (0.29, 1.03) 0.0623
With hyperlipidemia
No 176 (88.44%) Ref
Yes 23 (11.56%) 0.48 (0.19, 1.18) 0.1089
With osteoporosis
No 167 (83.92%) Ref
Yes 32 (16.08%) 5.32 (2.08, 13.59) 0.0005
Age (years) 6229 +9.16 1.06 (1.02, 1.09) 0.0013
Sex
Male 117 (58.79%) Ref
Female 82 (41.21%) 0.74 (0.42, 1.30) 0.2978
Education
Primary school or below 105 (52.76%) Ref
Middle School 37 (18.59%) 0.69 (0.32, 1.46) 0.3314
University or above 57 (28.64%) 0.68 (0.36, 1.30) 0.2426
BMI 2490 + 4.16 1.04 (0.97, 1.11) 0.2771
Fasting blood glucose (mmol/L) 13.19 + 7.46 1.03 (0.99, 1.07) 0.1803
HbAlc (%) 9.74 £ 2.62 1.05 (0.94, 1.17) 0.3742
Course of disease
<10 years 111 (55.78%) Ref
2|0 years 88 (44.22%) 2.57 (1.44, 4.57) 0.0013
Previous use of antibacterial drugs
No 77 (38.69%) Ref
Yes 122 (61.31%) 2.38 (1.33, 4.28) 0.0036
Types of antibacterial drugs
<2 32 (16.08%) Ref
22 167 (83.92%) 3.13 (1.37, 7.18) 0.0069
Abbreviations: DF, diabetic foot; OR, odds ratio; Cl, confidence interval; Ref, reference; BMI, body mass index; HbAlc, hemoglobin Alc.
Infection and Drug Resistance 2021:14 submit your manuscript 631
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Table 4 Multivariate Logistic Analysis of Risk Factors for Infection in Patients with DF

Demographic Characteristics Statistics OR (95CI) P-value
With blood system disease 0.441
No 159 (79.90%) Ref
Yes 40 (20.10%) 1.38 (0.61, 3.09)
Osteoporosis 0.003
No 167 (83.92%) Ref
Yes 32 (16.08%) 4.54 (1.68, 12.24)
Age (years) 6229 £ 9.16 1.05 (1.01, 1.09) 0.006
Course of disease 0.006
<10 years 111 (55.78%) Ref
210 years 88 (44.22%) 2.48 (1.31, 4.69)
Previous use of antibacterial drugs 0.0l
No 77 (38.69%) Ref
Yes 122 (61.31%) 2.38 (1.23, 4.60)
Types of antibacterial drugs 0.013
<2 32 (16.08%) Ref
22 167 (83.92%) 3.29 (1.29, 8.39)

Abbreviations: DF, diabetic foot; OR, odds ratio; Cl, confidence interval; Ref, reference.

Among the 199 patients in this study, 101 were infected
with MDRB. The MDRB infection rate was 50.75%,
which was higher than the results of related foreign
studies.'*'> Among all chronic complications of diabetes,
DF disease is relatively easy to identify and its complica-
tions can be effectively prevented. Domestic and foreign

studies have pointed out'®!”

that the key to preventing DF
disease is to regularly check whether patients have risk
factors for DF disease, identify these risk factors as soon
as possible, and remove or correct the factors that easily
cause ulcers. Logistic regression analysis showed that age,
diabetes course, previous use of antibacterial drugs, types
of antibacterial drugs used, and osteoporosis were the risk
factors for MDRB infection of DF (P<0.05). Similar find-
ings were reported in the literature.'

Patients with DF infections do not effectively respond to
antimicrobial treatment or they frequently replace antimicro-
bial drugs. This results in an increased probability of drug-
resistant bacteria and causes multidrug resistance. Therefore,
before choosing the effective antibiotics to control infection,
bacterial culture, and drug sensitivity tests on ulcer wounds
should be carried out. The decision to replace antibiotics
should be made based on the effect of clinical treatment. If
the treatment effect is obvious, the patient should continue
using the antibiotic even if the drug susceptibility test shows
that the bacteria is resistant to the antibiotic. If the treatment

effect is not obvious or ineffective, the antibiotics should be
replaced based on the results of drug susceptibility tests, and
the type and course of antibiotics used strictly controlled.

Studies have shown that compared with non-diabetic
patients, diabetic patients, especially the elderly, were
twice as likely to develop the vascular disease in the
lower extremities.'® The average age of the patients in
this study was (62.29 + 9.16) years old, and the average
glycosylated hemoglobin was (9.74 + 2.62) %. As the
course of diabetes prolonged, the proportion of chronic
complications of diabetes increased leading to the occur-
rence of DF. Therefore, blood sugar control should be
routinely carried out in patients with DF,'” and the occur-
rence of hypoglycemia minimized to reduce the incidence
of foot ulcers and infections. This could help in reducing
the rate of amputation and medical expenses.*’

Even though the baseline level of the number of male
and female cases was biased, we found that the cases and
risk of infection in female patients with DF was lower than
that in male patients (Table 3). However, the difference
was statistically insignificant and could be due to the small
sample size of our study. Further large sample-based stu-
dies are needed to establish the effect of gender on infec-
tion in patients with DF.

As a chart tool, the nomogram can visually display the
statistical model and obtain the numerical probability of the
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Points v T v ;
0 20 40 60 80 100
Types of antibacterial drugs**
<2 22
Previous use of antibacterial drugs**
No Yes
Course of disease™™
<10 years 210 years
Age**
35 40 45 50 55 60 65 70 75 80 85 90
Combined with osteoporosis™*
NO 'Yes
Total-points—to—outcome nomogram:
Total points , , ; , ; ,
otal'po ‘?00 150 200 250 300 350 400
Pr( MDR J r , , ; : : . . : . . , . ; )
04 0.06 0.08 015 0.2 0.3 04 05 06 0.7 0.8 085 09 093 0095
Figure | The nomogram model for predicting the risk of MDRB infection in patients with DF. **P<0.01.
Abbreviations: MDR, multidrug resistant; MDRB, multidrug-resistant bacteria; DF, diabetic foot.
Points v o —@ ® ® v
0 20 40 €0 80 700
Types of antibacterial drugs**
2 22
Previous use of antibacterial **
NO QSS
Course of disease™™
<10 years 210 years
Age**
35 40 45 50 55 60 65 70 75 80 85 90
Combined with osteoporosis**
NO IYeS
Total-points—to—outcome nomogram:
Total points : ; 268 : ; ,
100 150 200 250 300 350 400
0.618
pr( MDRJ.EM 0.06 0.08 015 02 03 04 05 06 07 08 085 09 093 095
Figure 2 Application example of a nomogram for predicting the risk of MDRB infection in patients with DF. **P<0.01.
Abbreviations: MDR, multidrug resistant; MDRB, multidrug-resistant bacteria; DF, diabetic foot.
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Figure 3 DCA curve analysis of nomogram model.

Notes: The X-axis measures the predicted probability threshold of the MDRB
infection in a patient by the nomogram model, and Y-axis measures Standardized
net benefit. Nomogram showed the standardized highest net benefit and clinical
usefulness in the DCA curve.

Abbreviations: DCA, decision curve analysis; MDRB, multidrug-resistant bacteria.

target event, which is more accurate in quantifying the risk.’

d*'?° that the nomogram model could

Studies have reporte
effectively predict the incidence of nosocomial infection, the
postoperative survival rate of patients with non-small cell
lung cancer, and the risk of postoperative delirium in elderly
patients with hip fractures. Nonetheless, no prediction model

of diabetes report of MDRB infection among foot patients

1.00 -

0.75-

ivity

‘w» 0.50-

Sensit

0.25-

0.00-

Figure 4 ROC curve analysis of different indicators.

exists in China. The nomogram model constructed in this
study included five indicators: age, diabetes course, past
application of antibacterial drugs, types of antibacterial
drugs, and presence of osteoporosis. These five indicators
can be quickly collected during the patient’s hospitalization
to facilitate early diagnosis and risk assessment. The intern-
ally verified AUC of the nomogram model was 0.773 (95%
CI: 0.704-0.830), and the mean absolute error between the
predicted probability and the actual risk of MDRB infection
was 0.032, showing a good prediction accuracy.

We used the DCA curve to evaluate the clinical applic-
ability of the nomogram model. The DCA curve estimates
the standardized net benefit by the probability threshold and
is used to categorize observations as “high risk.” The stan-
dardized net benefit means the benefit of the intervention to
the patient minus the harm of the non-patient treatment and
the loss of the patient’s untreated condition. In Figure 3,
X-axis measures the predicted probability threshold of the
patient’s MDRB infection by the nomogram model, Y-axis
measures standardized net benefit. The black horizontal
straight line and the gray slash line were the corresponding
standardized net benefit when the intervention was all or
none. The nomogram model is only valuable if the DCA

Name

—— Combined with osteoporosis  AUC=0.598(95%CI:0.549-0.647)

— Age AUC=0.625(95%C1:0.548-0.703)

Course of disease AUC=0.614(95%C1:0.547-0.681)

—— Previous use of antibacterial ~ AUC=0.601(95%C1:0.535-0.668)

Types of antibacterial drugs  AUC=0.573(95%C1:0.522-0.623)
Nomogram AUC=0.766(95%CI:0.701-0.831)
0.50 0.25 0.00
Specificity

Notes: The Y-axis indicates the sensitivity of the nomogram while the X-axis indicates the specificity of the nomogram. The AUC of the nomogram in predicting the

probability of the MDRB infection in a patient was higher than any single indicator.

Abbreviations: ROC, receiver operating characteristic; AUC, area under curve; MDRB, multidrug-resistant bacteria.
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Figure 5 ROC curve analysis of the nomogram model after internal verification.
Note: Y-axis indicates the sensitivity of the nomogram while the X-axis indicates
the specificity of the nomogram.

Abbreviations: ROC, receiver operating characteristic; AUC, area under curve.

curve is plotted above both lines. The standardized net
benefit of the nomogram was highest when the predicted
probability was between 0.1 and 0.95, which proved that the
nomogram model had good clinical applicability.

Limitations

Despite the significant findings of our study, there were
some limitations. First, the samples used in this study were
from a tertiary hospital, and the sample size was small.
Our results were from a cohort and a single-center retro-
spective study, and could not fully represent all Chinese
patients with DF. Thus, a large sample-based study is
needed to externally verify the specific clinical predictive
value of the nomogram. We plan to carry out multi-center,
large-scale, prospective cohort studies to explore the appli-
cation significance of this nomogram for predicting the
risk of infection in DF patients. Second, limited risk fac-
tors were included in the construction of prediction models
in this study. This limited the clinical application value of
the nomogram model to some extent. Antibiotics are only
a part of the management and treatment of the DF. We
neglected some other important factors in the process of
data collection and analysis such as surgical debridement,
local hemostasis, negative pressure wound treatment,
wound size and severity, osteomyelitis, and healing out-
come. All of these factors need to be considered in the
prediction and treatment of infection in patients with DF.
We could also compare the healing outcomes of the
MDRB and non-MDRB groups as well as any other asso-
ciation with different treatment strategies to facilitate the
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Figure 6 Calibration curve analysis of nomogram model after internal verification.

Notes: The Y-axis indicates the actual probability of the patient’s MDRB infection and the X-axis indicates the predicted probability of the patient’s MDRB infection. The 45-
degree black dotted line represents the ideal prediction; the solid black line surrounding the 45-degree black dotted line represents the bias-corrected prediction; the black
dotted line surrounding the 45-degree black dotted line represents the apparent prediction.

Abbreviation: MDRB, multidrug-resistant bacteria.
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selection of the most effective treatment for the patient.
Third, although the robustness of our nomogram was
examined with internal validation using bootstrap testing,
external validation could not be conducted and the gener-
alizability is uncertain for other populations in other
regions and countries. As a result, this monogram needs
to be externally evaluated in wider populations. Fourth,
DF infections often involve multiple bacterial species with
biofilm structures and are protected by a self-produced
extracellular polymer matrix. In biofilm mode, even non-
MDRB become much more resistant to antibiotics.
Therefore, therapeutic interventions for DF patients with
non-MDRB infections also require further consideration.

Conclusion

The risk of amputation in patients with DF combined with
MDRB infection is much higher than in non-infected
patients with DF. Moreover, patients with diabetes are
likely to be invaded by pathogenic bacteria in the case of
neurological ischemia; thus, DF can induce bacterial infec-
tion and becomes difficult to treat. The emergence of
MDRB has resulted in the inevitable combination of
drugs, making it difficult to control the infection.
Therefore, the prevention and control of infection have
become the main focus of DF research. The application
of nomograms in clinical work can accurately quantify and
individually predict the risk of infection by MDRB in DF
patients, thereby enabling the screening of the patients
with a high risk of infection as soon as possible. With an
estimated individual risk, clinicians and patients can take
more necessary measures on life-style monitoring and
medical interventions.

In this study, DF patients have a higher risk of MDRB
infection. Age, diabetes course, previous use of antibacterial
drugs, types of antibacterial drugs used, and the presence of
osteoporosis are the risk factors for MDRB infection of DF.
Our nomogram prediction model has good clinical applic-
ability, and a good prediction accuracy thus can be used in
formulating effective prevention and treatment measures,
reasonably using antibacterial drugs, preventing ischemic
ulcer and gangrene, reducing the mortality of patients with
diabetes, and improving the prognosis of patients.
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