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Purpose: To identify potential risk factors for herpes zoster infection in type 2 diabetes 
mellitus in southeast Chinese population.
Patients and Methods: We built a model involving 266 herpes zoster patients collecting data 
from January 2018 to December 2019. The least absolute shrinkage and selection operator (Lasso) 
predictive model was used to test herpes zoster virus risk using the patient data. Multivariate 
regression was conducted to decide which variable would be the strongest to decrease the Lasso 
penalty. The predictive model was tested using the C-index, a calibration plot, and decision curve 
study. External validity was verified by bootstrapping by counting probabilities.
Results: In the prediction nomogram, the prediction variables included age, sex, weight, length 
of hospital stay, infection, and blood pressure. The C-index of 0.844 (0.798–0.896) indicated 
substantial variability and thus the model was adjusted appropriately. A score of 0.825 was 
achieved somewhere in the above interval. Examination of the decision curve estimated that 
herpes zoster nomogram was useful when the intervention was determined at the 16 percent of 
the herpes zoster infection potential threshold.
Conclusion: The herpes zoster nomogram combines age, weight, position of the rash, 
2-hour plasma glucose, glycosuria, serum creatinine, length of the hospital stay, and hyper-
tension. This calculator can be used to assess the individual herpes zoster risks in patients 
diagnosed with type 2 diabetes mellitus.
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Introduction
The reactivation of the varicella-zoster virus (VZV) causes shingles and that the virus 
localizes to the spinal cord and cranial sensory ganglia during the primary infection in 
children. The virus may persist latently in the sensory ganglia after the primary infection. 
The most common complication is post-herpetic neuralgia(PHN), which is chronic nerve 
pain after the rash disappears, that occurs in 20% of herpes zoster (HZ) patients.1 It may 
persist for several years and can significantly affect the quality of life of affected 
individuals.2 Studies have established risk factors correlated with the reactivation of 
VZV linked to a reduction in T-cell immunity, such as aging and immunosuppression.3–5 

Both HZ and PHN have been associated with higher health care costs.6

Numerous clinical trials have found that individuals with diabetes and weakened 
immune systems are at an elevated risk of acquiring HZ. The research suggested that 
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Table 1 Differences Between Demographic and Clinical Characteristics of T2DM and Non-T2DM Groups

Demographic Characteristics Diabetes (166) Non Diabetes (100) Total (266)

Age (years)
<50 18(43.90) 23(56.10) 41(15.41)

50–70 97(64.67) 53(35.33) 150(56.39)

>70 51(68.00) 24(32.00) 75(28.20)

Gender
Male 85(65.38) 45(34.62) 130(48.87)

Female 81(59.56) 55(40.44) 136(51.13)

Weight

≤60kg 70(54.69) 58(45.31) 128(48.12)

>60kg 96(69.57) 42(30.43) 138(51.88)

Clinical characteristics

FPG

<7.0mmol/L 57(38.26) 92(61.74) 149(56.02)

≥7.0mmol/L 109(93.16) 8(6.84) 117(43.98)

2hPG

<11.1mmol/L 91(48.40) 97(51.60) 188(70.68)
≥11.1mmol/L 75(96.15) 3(3.85) 78(29.32)

Creatinine
Normal 148(60.66) 96(39.34) 242(91.73)

Abnormal 18(81.82) 4(18.18) 22(8.27)

Urine protein

No 161(62.64) 96(36.96) 257(96.62)

Yes 5(55.56) 4(44.44) 9(3.38)

Glycosuria

No 106(52.74) 95(47.26) 201(75.56)
Yes 60(92.31) 5(7.69) 65(24.44)

Side of skin rash
Left 89(63.57) 51(36.43) 140(52.63)

Right 77(61.11) 49(38.89) 126(47.37)

Location of skin rash

Head 32(54.24) 27(45.76) 59(22.18)

Neck 9 (64.29) 5(35.71) 14(5.26)
Check 55(66.27) 28(33.73) 83(31.20)

Twist 40(59.70) 27(40.30) 67(25.19)

Other 30(69.77) 13(30.23) 43(16.17)

Infection

No 146(63.20) 85(36.80) 231(86.84)
Yes 20(57.14) 15(42.86) 35(13.16)

Hypertension

No 129(59.17) 89(40.83) 218(81.95)

Yes 37(77.08) 11(22.92) 48(18.05)

Abbreviations: FPG, fasting plasma glucose; 2hPG, 2 hours plasma glucose.
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diabetes raises the risk and duration of HZ episodes and that 
HZ may contribute to a worsening of diabetes, contributing 
to increased need for public healthcare. In type 2 diabetes 
mellitus (T2DM), it is well established that the activity of 
cells that take part in the innate and adaptive immune 
responses are compromised. This decrease in specific immu-
nity may be responsible for the reactivation of HZ, rendering 
diabetes a risk factor for shingles.7–9

Predictive factors for the incidence of HZ in T2DM 
patients are required, considering the current risk of HZ 
arising in patients with malignant melanoma and several 
associated risk factors.10 However, to date, no research has 
been conducted on the topic. This study aimed to establish 
a model capable of predicting the probability of HZ infec-
tion among patients with T2DM.

Patients and Methods
We conducted a retrospective longitudinal study at the 
Affiliated Hospital of Zunyi Medical University, a large 
teaching hospital in southwest China from January 2018 to 
December 2019. Informed consent was obtained from all 
patients for inclusion in this study.

HZ was diagnosed by the dermatologists based on 
clinical features. Data relative to diagnosis were col-
lected from electronic medical records of the hospital 

using the ICD 10. We assessed the onset of HZ based on 
coding by dermatologist, and not on laboratory-based 
diagnostic codes, such as antigen titers.8 If participants 
experienced more than one HZ episode during the study 
period, only the first episode was considered for this 
study. Patient characteristics gathered from medical 
records included age, sex, weight, and length of hospital 
stay. Patients who had a previous history of autoimmune 
diseases were excluded from the study as receiving 
current glucocorticoid use could affect glycemic status. 
Our primary outcome was HZ incidence. We evaluated 
the outcome in relationship controlling for demographic 
features, glycemic status, and other comorbidities.

Statistical Analysis
The percent values of outcomes relative to age, sex, weight, the 
length of hospital stay, fasting plasma glucose, 2 hours plasma 
glucose (2hPG) levels, the location of skin rash, glycosuria, 
serum creatinine, hypertension, and infection are measured. 
The data used was analyzed using R statistics tools. The least 
absolute shrinkage and selection operator (Lasso) was used to 
identify risk factors predictive of HZ infection.

A high dimensional selection operator is used, and data 
compression was added to the output. In the cable regres-
sion model, the non-zero coefficient was selected. 
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Figure 1 Using the LASSO model of logistic regression to determine the connection between populations and clinical characteristics. 
Notes: (A) In the Lasso Regression model, the best parameter is selected using the criterion of thirteen cross-validations. The curves of partial probability variance and the 
curve of logarithm are illustrated. To obtain the best estimate, use a 1-SE procedure with the minimum standard and minimum standard. (B) LASSO linear discriminant 
regression coefficients for the 12 characteristics. The profile is determined according to the logarithm of lambda. A cross-validation technique is used to test the optimal 
lambda, where the optimal lambda produces eight coefficients.
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A prediction model was then constructed using multivari-
ate logistic regression analysis, which considered the cable 
regression model features.11 These unique properties are 
known as risks. The analysis findings are reported as 95% 
confidence intervals (CI) and relative P values.12 Two- 
sided tests were determined to be statistically significant. 
Variables with a P-value <0.05 were used in the model, 
and those with higher P values were omitted.13 From the 
cohort, all variables were included in developing 
a prediction model with appropriate adjustments and gra-
phical representations to predict HZ infection.

Suitable test statistics indicate the robustness of the 
model.14,15 We used the Harrell index to evaluate the 
accuracy of the HZ nomogram. Through bootstrapping, 

the relative corrected C-index was determined.16 The deci-
sion curve approach was used to measure the net benefits 
of different threshold ratios in the HZ population to assess 
the therapeutic effectiveness of the T2DM nomogram. Net 
benefits were determined by extracting from the propor-
tion of actual positive people the proportion of all per-
ceived positive individuals and calculating the relative risk 
of rejecting interventions against unsuccessful interven-
tions’ harmful consequences.

Results
Patient Characteristics
In total, 266 patients diagnosed with herpes zoster were 
analyzed. The patients were grouped into diabetes and 

Table 2 Prediction Factors for HZ in T2DM Patients

Intercept and Variable β Prediction Model P value

Odds Ratio (95% CI)

Intercept −2.1497 0.5730 0.0002

Age

<50 Reference

50–70 0.6768 0.4620 0.1430
>70 0.7042 0.5394 0.1917

Weight
<60kg Reference

>60kg 0.5798 0.3301 0.0726

Length of hospital stay

<7days Reference
>7days 0.5927 0.3293 0.6010

2hPG
≤11.1mmol/L Reference

>11.1mmol/L 3.3140 0.6438 <0.0001

Creatinine

Normal Reference

Abnormal 0.6460 0.6344 0.3085

Location of skin rash

Head Reference
Neck −0.3785 0.8018 0.6368

Check 0.6711 0.4507 0.1365

Twist 0.4401 0.4649 0.3438
Other 0.8257 0.5517 0.1345

Hypertension
No Reference

Yes 0.7247 0.4098 0.0770

Abbreviation: 2hPG, 2 hours plasma glucose.
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non-diabetes.The mean age of patients was 61.56 ± 
12.54 years (range 18–89 years). Patient characteris-
tics, including age, sex, weight, length of hospital stay, 
and fasting plasma glucose level is provided in Table 1.

Selection of Variables
In demographics, age, sex, weight, length of hospital stay, the 
location of skin rash, serum creatine, glycosuria, 2hPG, 
hypertension, and an additional 4 characteristics were eval-
uated for all 266 patients included in the study (Table 1). Age, 
weight, the length of hospital stay, the location of skin rash, 
glycosuria, serum creatine, and 2hPG were found to be 
relevant in the Lasso model (Figure 1A and B).

An Individualized Prediction Model Was 
Constructed to Predict HZ Infection
Age, weight, length of hospital stay, location of the skin 
rash, glycosuria, serum creatine, 2hPG, and hypertension, 

were inserted into a logistic regression model; the data are 
shown in Table 2. A model was built including variables 
with independent variables found to be significant for HZ 
infection (Figure 2).

Accuracy of the HZ Exposure 
Nomogram in the Patient Cohort
A calibration curve of the HZ risk nomogram designed for 
patients with T2DM presented a very high degree of 
accuracy (Figure 3). The C-index for the model was 
0.858 (95% CI 0.811 to 0.904), which indicated a good 
fit of the model. Based on the model’s C-statistic, it 
appears that the risk assessment nomogram had a high 
accuracy in its predictive capacity.

Application in the Clinic
The HZ nomogram contains scales of different of variables 
that can be used to calculate the probability of an outcome. 
The judgment curve indicates that if patients’ and doctors’ 

Points
0 10 20 30 40 50 60 70 80 90 100

age
<50 >=70

>=50<70

length_of_hospital_stay
<7days

>=7days

weight
<60kg

>=60kg

2hour PG
<11.1mmol/L

>=11.1mmol/L

urine_sugar
No

Yes

creatinine
<110

>=110

location_of_skin_rash
neck twist other

head check

hypertension
No

Yes

Total Points
0 50 100 150 200 250 300 350

Risk of nonadherence
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Figure 2 Development of the HZ nomogram. The chart is made from the data based on gender, age, length of hospital stay, weight, 2 hour PG, creatinine, location of skin 
rash, and hypertension.
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thresholds are higher than 18% and lower than 65%, 
respectively, the non-adherence nomogram’s usage raises 
the estimated probability of HZ infection. This analysis 
compiles the overlaps to guarantee that the net benefit is 
equal (Figure 4).

Discussion
The most modern nomograms have been utilized to predict 
outcome of cancer diagnosis and the effect of cancer 
therapies.16 A user-friendly prognosis estimator with 
improved precision and a more straightforward under-
standing of the prognosis, will allow clinicians to be 
more informed on predicting patient outcomes.17 The 
study explores a new, risk-based HZ detection approach 
for patients with T2DM.

We developed a novel nomogram that correctly identi-
fies risk of HZ virus infection in patients with T2DM. The 
integration of age and disease signs into a handy instru-
ment enables to assess of HZ infection among patients 
with T2DM. By providing a tool for the diagnosis of 

patients with HZ, clinicians would be able to recognize 
a high-risk patient population, and this would contribute to 
achieve a timeline for clinical evaluation and treatment. 
For the prediction of HZ recurrence in patients with 
T2DM, our constructed nomogram was shown to be very 
reliable. The internal analysis shows essential internal and 
external calibration; in turn, the strong C-index in interval 
validation indicates that the nomogram could be used 
extensively and accurately given its huge sample size. As 
in previous studies, approximately 60 percentage of 
patients with HZ had T2DM in our study sample.12,18–20 

The prevalence of HZ in T2DM is associated with age, 
weight, duration of hospital stay, the location of skin rash, 
levels of glycosuria, serum creatine, and 2hPG, and blood 
pressure. Of these eight risk factors associated with HZ 
infection, 2hPG, glycosuria, and creatine are associated 
with T2DM. In addition, skin rash and age are also asso-
ciated with T2DM. Several clinical trials have examined 
the relationship with hemoglobin A1c levels.8,12 

A longitudinal analysis showed that individuals with the 
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lowest (<5.0%) hemoglobin A1c levels have a slightly 
greater chance of contracting HZ (shingles) after adjusting 
for covariates. Patients with diseases like diabetes and 
immune system disorders are at a higher risk of contract-
ing HZ.21 The reactivation is attributed to a decreased 
VZV-specific cell-mediated immunity (VZV-CMI), which 
is typically found in individuals who have a weakened 
immune system.22 Patients aged sixty years or older are 
more likely to experience HZ, which may be attributed to 
VZV reactivation.23

In our study, hypertension was also a contributing 
factor for HZ infection in T2DM patients. It is univer-
sally understood that cardiovascular disease is the lead-
ing cause of death in individuals with T2DM;24 and our 
study indicated that hypertension was a concomitant 
factor in the majority of patients with T2DM, and was 
significantly more common among individuals with HZ 
infection.25 Epidemiological trials have described the 
importance of blood vessel pathophysiology in the 

development of the vascular disease and the occurrence 
of microvascular disease is of prognostic importance in 
predicting CVD.24

The goal of contemporary epidemiological research is 
to determine how the pathology of HZ is linked to risk 
factors associated with T2DM and if these risk factors may 
represent therapeutic goals for HZ. These findings have 
added microvascular events to the body of work on HZ 
infection and have prompted the introduction of mechan-
istic studies of vascular disease.24 However, currently, it is 
not possible to reliably predict whether a patient will 
experience HZ. Our aim was to develop a model that 
could accurately predict the onset of HZ in patients with 
T2DM.

Our analysis has several drawbacks. First, the data 
we gathered was biased as the study enrolled only 
patients diagnosed with HZ and may not be indicative 
of all Chinese VZV-CMI patients. Secondly, the data 
presented did not provide details regarding the impact 
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Figure 4 Decision curve analysis (DCA) for the HZ nomogram. 
Notes: The y-axis is an indicator of profitability. This table depicts the hazardous zone rating by threat category. The thin solid line is the presumption for all HZ being 
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of vaccination against HZ, which could have influenced 
the results. However, the HZ vaccine became available 
in 2019 in China, and only a small number of indivi-
duals will have been vaccinated, any therapeutic efficacy 
of the vaccine in the present study would be limited. 
The recommended plan of action is that individuals over 
the age of 50 should receive the HZ vaccine. In addi-
tion, the possible factors that lead to T2DM were not 
taken into consideration. Factors affecting resistance are 
also unknown, including any impact of social assistance 
might have had. While the bootstrap test accurately 
calculated the precision of our nomogram, it might not 
be generalizable to HZ infections to all patient groups 
around the world. The findings of this study requires 
analysis in different centers and geographical areas to be 
validated.

Conclusion
A modern risk assessment nomogram was created to help 
clinicians classify the risk of HZ in patients with T2DM. 
Physicians and patients should take a more customized 
approach to illness risk reduction via lifestyle and medic-
inal intervention monitoring. The nomogram based on 
these factors could be used to predict the probability of 
HZ for patients with T2DM and to develop an individua-
lized care plan to achieve optimal outcome for patients 
with T2DM by minimizing the risk of HZ.

Ethical Approval
All research studies on humans (individuals, samples or 
data) performed in accordance with the principles stated in 
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