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Purpose: Postherpetic Neuralgia (PHN), recognized as the most common complication of Herpes Zoster, is experiencing an 
increasing trend in its occurrence. The goal of this study was to identify the independent risk factors for PHN and create 
a dynamic nomogram using routine clinical characteristics to predict PHN in patients with herpes zoster, for early identification and 
prevention of PHN.
Patients and Methods: A total of 2420 patients were retrospectively reviewed and divided into training (n=1696) and validation 
(n=724) cohort using a 7:3 random allocation. Univariable, LASSO and multivariable logistic regression analysis was performed to 
identified independent risk factors for PHN. A dynamic nomogram was assessed through the area under the receiver operating 
characteristic curve (AUC), calibration curves and Hosmer-Lemeshow test. The decision curve analysis (DCA) was used to evaluate 
its clinical validity.
Results: Multivariable logistic regression identified several independent risk factors for PHN, including age, female, diabetes mellitus, 
malignant tumors, and connective tissue diseases. The area under the curve was 0.698 (95% CI, 0.666–0.730) for training cohort and 
0.713 (95% CI, 0.663–0.763) for the validation cohort. Calibration curve revealed a moderate consistency between actual observation 
and prediction. Decision curve analysis showed a risk threshold of 16% and demonstrated a clinically effective predictive model.
Conclusion: We have developed a user-friendly dynamic nomogram to predict PHN in patients with herpes zoster, which can assist in 
early identification and prevention of PHN.
Keywords: postherpetic neuralgia, herpes zoster, risk factors, dynamic nomogram

Introduction
Herpes zoster (HZ) is a dermatological infection caused by the varicella-zoster virus, which can affect individuals 
ranging from children to the elderly.1,2 The incidence rate is at around 4–4.5 cases per 1000 person-years, with a growing 
prevalence due to the aging global population.3–6 There are studies that have shown the occurrence of HZ is related to 
age and gender.7,8 Furthermore, a meta-analysis has identified a multitude of chronic underlying diseases as potential risk 
factors for HZ.9

Postherpetic Neuralgia (PHN), recognized as the most common complication of HZ, is experiencing an increasing 
trend in its occurrence. According to reports,10 the incidence of PHN following herpes zoster decreases over time, with 
rates of 38.1% observed one-month post-infection, 27.0% at three months, and 19.0% at six-month. It has also been 
observed that HZ cases can lead to PHN that usually persists for 4 to 9 weeks, but a portion of PHN patients experience 
pain for more than a year.11 This pain potentially results in long-term disability. Researchers also found that the 
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associated risk factors for PHN include age, pre-existing comorbidities (including diabetes mellitus and immune-related 
diseases12), the intensity of pain.13,14 However, there is still a lack of large-scale studies on the risk of developing PHN in 
patients with underlying chronic comorbidities. Currently, the primary clinical management strategies for PHN are 
Pharmacotherapy, minimally invasive interventional treatments and psychosocial support.15 Despite the availability of 
multiple drugs and treatment strategies for PHN, their efficacy can vary widely among individuals. PHN profoundly 
affects patients’ professional and daily activities, placing a substantial economic burden on both families and society.12,16

Nomogram models offer a quantifiable and visually accessible representation of risk, serving as predictive tools that 
have gained widespread adoption in various clinical fields in recent years for assessing the risk of diverse diseases.17–19 

Specifically, a nomogram for predicting PHN assists clinicians in identifying patients who may require closer monitoring 
surveillance or more proactive therapeutic strategies.

There is an urgent necessary to continuously update effective predictive tools to alleviate the health burden caused by 
PHN. This retrospective study indeed aims to identify the independent risk factors for postherpetic neuralgia (PHN) and 
create a dynamic nomogram using routine clinical characteristics to predict PHN in patients with HZ, for early 
identification and prevention of PHN.

Materials and Methods
Patient Selection
This study was approved by the Clinical Research Certification Review Committee of the Northern People’s Hospital of 
Jiangsu Province (NO. 223ky299). As the study design was retrospective, written informed consent from the patients was 
not required by the review committee. The study conditions were posted on the notice boards in the outpatient and 
inpatient departments of the hospital to inform patients about the study. This research adhered to the principles of the 
Declaration of Helsinki and subsequent amendments.

Patients with herpes zoster-related diagnoses in the outpatient Pain Clinic at Northern Jiangsu People’s Hospital from 
September 2020 to September 2023 were included. The exclusion criteria were as follows: (1) Patients with missing data 
greater than 10%; (2) Patients not admitted for the first time, with missing data from their initial visit. Finally, we 
included 2420 PHN patients.

Data Collection
We conducted a single-center retrospective cohort study at Northern Jiangsu People’s Hospital in Jiangsu Province, 
which is a tertiary academic hospital. In accordance with the definition of PHN, patients who consistent with the 
diagnostic criteria were included in the PHN group, characterized by the onset of the disease marked by the appearance 
of a rash or rash area, with a duration of no less than 3 months;4 Those with a shorter duration were placed in the non- 
PHN group. Data were collected through the electronic medical record system by searching for medical records coded 
with ICD-10 codes. We conducted a comprehensive review of each record based on clinical relevance and data 
availability, extracting data, including the following indicators: location and laterality of the pain, gender, age, surgical 
history, and pre-existing comorbidities such as diabetes mellitus, hypertension, coronary heart disease, pulmonary 
disease, hepatobiliary disease, urinary system disease, central nervous system disease, gastrointestinal disease, thyroid 
disease, breast disease, allergy history, malignant tumors, and connective tissue diseases. The clinicians’ accuracy in 
diagnosing HZ/PHN is high.

Variable Selection
In the study, 2420 PHN patients were randomly divided into a training set with 1696 participants and a validation set with 
724 participants, conforming to the theoretical ratio of 7:3. The training cohort was used for the development and 
establishment of the model. Univariate logistic regression was used to assess the association between clinical character
istics and progression to PHN. Subsequently, factors with statistical significance (P<0.05) were included in the LASSO 
regression analysis using R software, based on the −2 log-likelihood and binomial type metrics, to further select 
variables. LASSO regression is a compressed estimation method that aims to reduce the variable set. It constructs 

https://doi.org/10.2147/JPR.S483531                                                                                                                                                                                                                                   

DovePress                                                                                                                                                               

Journal of Pain Research 2024:17 3936

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


a penalty function that can compress the coefficients of variables and reduce some regression coefficients to zero, thereby 
achieving the purpose of variable selection.20 This process involved a rigorous 10-fold cross-validation to ensure robust 
results. The variables included in the model were both centered and normalized to optimize performance. Subsequently, 
we identified the optimal lambda value that yielded the best balance between model complexity and predictive accuracy. 
The “Lambda_1se” selection resulted in a model that not only performed well but also featured the most streamlined set 
of independent variables.21 So the LASSO method was used to analyze the data in the training set to select the optimal 
predictors in the present risk factors including age, gender, PD, DM, hypertension, tumor, CTD. The selected variables 
were then subjected to multivariate logistic regression analysis to identify the independent risk factors for PHN.

Development and Validation of the Nomogram
Identified independent risk factors were used to construct a nomogram model for predicting PHN and create an online 
PHN risk calculator, providing a user-friendly tool for risk estimation of PHN. We assessed internal validity of the 
prediction models using bootstrap validation with 1000 repetitions. The sample size used for the development of the 
prediction model complied with the standard of 10 events per variable.22 The discriminative ability for predicting PHN in 
patients with herpes zoster was evaluated by the area under the receiver operating characteristic curve (AUC). Typically, 
AUC values ranging from 0.6–0.75, 0.75–0.9, and above 0.9 correspond to acceptable, good, and excellent discriminative 
power, respectively.23 In order to further validate the accuracy of the model, the Hosmer-Lemeshow test was used to 
assess the goodness of fit of the model, and calibration curves were employed to measure the consistency between 
predicted and actual probability.24 Decision curve analysis (DCA) was conducted to assess the clinical utility of the 
nomogram by quantifying the net benefit at different threshold probabilities.25 The nomogram was applied to validation 
cohort to further assess its stability using AUC, calibration curves and DCA.

Statistical Analysis
Statistical analysis was performed via IBM SPSS Statistics Version 25.0 and R 4.3.2 with the Hmisc, rms, rmda, pROC, 
regplot, DynNom packages. Continuous variables are presented as mean (standard deviation [SD]) if normally distributed 
and median (interquartile range [IQR]) if not normally distributed. Categorical variables are presented as number and 
frequency (%). For categorical variables, the χ2 test or Fisher exact test was used when appropriate. Predictive factors 
were optimized through univariate logistic regression and LASSO regression analysis, and multivariate logistic regres
sion analysis was further utilized for final variable selection and model establishment. The model’s stability was 
evaluated using AUC and calibration curves, and its clinical practicability was assessed with DCA. A two-tailed 
P-value <0.050 was considered statistically significant.

Results
Basic Information of Enrolled Patients
A total of 2420 patients’ data were included in the final analysis after excluding 380 patients. Among the excluded 
patients, data for 76 patients was missing by more than 10%, and 304 patients were not admitted upon their first visit, and 
the data from their initial consultation was also missing (Figure 1). In the cohort of 2420 patients, 16.3%, 83%,49.5% and 
59.5% were positive patients, negative patients, women, and men, respectively (Table 1). Among the eligible cases, 1696 
patients were included in the training cohort. 851 (50.2%) patients were male, and the median age was 62 (IQR, 52–71) 
years. The validation cohort comprised 724 patients, with a median age of 62 (IQR, 52–71.25) years. Furthermore, we 
conducted a comparison of baseline data between the training and validation cohorts. Our analysis revealed that the two 
cohorts exhibited differences in the proportion of urinary system diseases, while no significant differences were observed 
in other clinical characteristics (Table 2).

Variable Selection
The results of the univariate analysis showed that there were significant differences between the two groups in age 
(P<0.001), gender (P=0.011), and the coexistence of underlying conditions, including diabetes mellitus (P<0.001), 

Journal of Pain Research 2024:17                                                                                                     https://doi.org/10.2147/JPR.S483531                                                                                                                                                                                                                       

DovePress                                                                                                                       
3937

Dovepress                                                                                                                                                            Wang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


hypertension (P=0.001), pulmonary disease (P=0.024), malignant tumors (P<0.001), and connective tissue diseases 
(P=0.018). The differences in other indicators were not significant (Figure 2). In the LASSO regression analysis, vertical 
lines are drawn at the lambda_min (λ=0.003) and the lambda_1se (λ=0.050), and all seven clinical features have non-zero 
coefficients (Figure 3).

The selected seven predictive variables were used to conduct a multivariate logistic regression analysis. It identified 
several independent risk factors for PHN, including female, older age, diabetes mellitus, malignant tumors, and 
connective tissue diseases (P<0.05). Age is a significant factor affecting the risk of PHN. The analysis results show 
that for each additional year of age, the odds ratio for the occurrence of PHN increases by 4.6% (odds ratio [OR], 1.046; 
95% confidence interval [CI], 1.035–1.057, P<0.001). The risk of PHN in females was 34.5% higher compared to males 
(OR, 1.345; 95% CI, 1.030–1.756, P=0.030). The risk of PHN in diabetic patients increased by 55.5% (OR, 1.555; 95% 
CI, 1.071–2.258, P=0.020). The risk of PHN in patients with malignant tumors was 2.07 times higher (OR, 2.073; 95% 
CI, 1.239–3.469, P=0.005). Patients with connective tissue diseases had a 2.67 times higher risk of PHN (OR, 2.665, 
95% CI, 1.038–6.837, P=0.041) (Figure 4).

Constructure Nomogram and Online Calculator
Identified independent risk factors were used to construct a nomogram for predicting the risk of postherpetic neuralgia 
(PHN) in patients diagnosed with herpes zoster (Figure 5A). For instance, assuming a 72-year-old male with herpes 
zoster who has comorbid diabetes mellitus and malignant tumor but no history of connective tissue diseases, the dynamic 

Figure 1 Flowchart and the process of the study. HZ, Herpes Zoster.
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Table 1 General Characteristics of the Patients

Variables Overall Non-PHN Group (n=2027) PHN Group (n=393) P

Age (yr), median (IQR) 62.00 (52.00, 71.00) 60.00 (50.00, 70.00) 70.00 (60.00, 70.00) <0.001
Gender, n (%) <0.001

Male 1223 (50.5) 1060 (52.3) 163 (41.5)

Female 1197 (49.5) 967 (47.7) 230 (58.5)
Location, n (%) 0.895

HNF 307 (12.7) 256 (12.6) 51 (13.0)

SNNUL 390 (16.1) 330 (16.3) 60 (15.3)
CNB 1460 (60.3) 1217 (60.0) 243 (61.8)

ANB 211 (8.7) 181 (8.9) 30 (7.6)
BNLL 52 (2.1) 43 (2.1) 9 (2.3)

Laterality, n (%) 0.309

Left 1187 (49.0) 985 (48.6) 202 (51.4)
Right 1233 (51.0) 1042 (51.4) 191 (48.6)

DM, n (%) <0.001

No 2139 (88.4) 1815 (89.5) 324 (82.4)
Yes 281 (11.6) 212 (10.5) 69 (17.6)

Surgical history, n (%) 0.127

No 1740 (71.9) 1445 (71.3) 295 (75.1)
Yes 680 (28.1) 582 (28.7) 98 (24.9)

Hypertension, n (%) <0.001

No 1746 (72.1) 1493 (73.7) 253 (64.4)
Yes 674 (27.9) 534 (26.3) 140 (35.6)

CHD, n (%) 0.787

No 2225 (91.9) 1865 (92.0) 360 (91.6)
Yes 195 (8.1) 162 (8.0) 33 (8.4)

PD, n (%) 0.002

No 2278 (94.1) 1921 (94.8) 357 (90.8)
Yes 142 (5.9) 106 (5.2) 36 (9.2)

HBD, n (%) 0.17

No 2358 (97.4) 1979 (97.6) 379 (96.4)
Yes 62 (2.6) 48 (2.4) 14 (3.6)

USD, n (%) 0.424

No 2371 (98.0) 1988 (98.1) 383 (97.5)
Yes 49 (2.0) 39 (1.9) 10 (2.5)

CNSD, n (%) 0.268

No 2288 (94.5) 1921 (94.8) 367 (93.4)
Yes 132 (5.5) 106 (5.2) 26 (6.6)

GD, n (%) 0.114

No 2324 (96.0) 1941 (95.8) 383 (97.5)
Yes 96 (4.0) 86 (4.2) 10 (2.5)

TD, n (%) 0.51

No 2369 (97.9) 1986 (98.0) 383 (97.5)
Yes 51 (2.1) 41 (2.0) 10 (2.5)

Breast disease, n (%) 0.402

No 2407 (99.5) 2015 (99.4) 392 (99.7)
Yes 13 (0.5) 12 (0.6) 1 (0.3)

Allergy, n (%) 0.88

No 2355 (97.3) 1973 (97.3) 382 (97.2)
Yes 65 (2.7) 54 (2.7) 11 (2.8)

(Continued)
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Table 1 (Continued). 

Variables Overall Non-PHN Group (n=2027) PHN Group (n=393) P

Tumor, n (%) <0.001

No 2307 (95.3) 1946 (96.0) 361 (91.9)
Yes 113 (4.7) 81 (4.0) 32 (8.1)

CTD, n (%) 0.007

No 2391 (98.8) 2008 (99.1) 383 (97.5)
Yes 29 (1.2) 19 (0.9) 10 (2.5)

Note: The variables are shown as median (interquartile range), or n (%). 
Abbreviations: DM, diabetes mellitus; CHD, coronary heart disease; PD, pulmonary disease; HBD, hepatobiliary disease; USD, urinary 
system disease; CNSD, central nervous system disease; GD, gastrointestinal disease; CTD, connective tissue diseases; HNF, head and face; 
SNNUL, shoulders, neck, and upper limbs; CNB, chest and back; ANB, abdomen and back; BNLL, buttocks and lower limbs.

Table 2 Baseline Characteristics of All Patients in the Training and Validation Cohort

Variables Overall Training Cohort (n=1696) Validation Cohort (n=724) P

Age (yr), median (IQR) 62.00 (52.00, 71.00) 62.00 (52.00, 71.00) 62.00 (52.00, 71.25) 0.85
Gender, n (%) 0.587

Male 1223 (50.5) 851 (50.2) 372 (51.4)

Female 1197 (49.5) 845 (49.8) 352 (48.6)
Location, n (%) 0.446

HNF 307 (12.7) 214 (12.6) 93 (12.8)

SNNUL 390 (16.1) 279 (16.5) 111 (15.3)
CNB 1460 (60.3) 1017 (60.0) 443 (61.2)

ANB 211 (8.7) 144 (8.5) 67 (9.3)

BNLL 52 (2.1) 42 (2.5) 10 (1.4)
Laterality, n (%) 0.369

Left 1187 (49.0) 842 (49.6) 345 (47.7)

Right 1233 (51.0) 854 (50.4) 379 (52.3)
DM, n (%) 0.882

No 2139 (88.4) 1498 (88.3) 641 (88.5)

Yes 281 (11.6) 198 (11.7) 83 (11.5)
Surgical history, n (%) 0.887

No 1740 (71.9) 1218 (71.8) 522 (72.1)

Yes 680 (28.1) 478 (28.2) 202 (27.9)
Hypertension, n (%) 0.972

No 1746 (72.1) 1224 (72.2) 522 (72.1)

Yes 674 (27.9) 472 (27.8) 202 (27.9)
CHD, n (%) 0.479

No 2225 (91.9) 1555 (91.7) 670 (92.5)

Yes 195 (8.1) 141 (8.3) 54 (7.5)
PD, n (%) 0.927

No 2278 (94.1) 1596 (94.1) 682 (94.2)

Yes 142 (5.9) 100 (5.9) 42 (5.8)
HBD, n (%) 0.899

No 2358 (97.4) 1653 (97.5) 705 (97.4)
Yes 62 (2.6) 43 (2.5) 19 (2.6)

USD, n (%) 0.016

No 2371 (98.0) 1654 (97.5) 717 (99.0)
Yes 49 (2.0) 42 (2.5) 7 (1.0)

CNSD, n (%) 0.378

No 2288 (94.5) 1608 (94.8) 680 (93.9)
Yes 132 (5.5) 88 (5.2) 44 (6.1)

(Continued)
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nomogram model estimated a 42.7% risk for developing PHN (Figure 5B). According to model performance, we 
developed dynamic nomogram model and an online visualization Online calculator for recognizing patients at high 
risk of PHN (https://phn-predictive-model-dynnom.shinyapps.io/DynNomapp/). It can also be accessed via the QR code 
in the upper right corner (Figure 5C). Patients were evaluated for the risk of PHN based on independent risk factors for 
(gender, age, presence of diabetes mellitus, malignant tumors, and connective tissue diseases).

Nomogram Performance
The internal validation of the nomogram model for predicting the risk of PHN in HZ patients was conducted using the 
Bootstrap, and the C-statistic was 0.692. The predictive performance of the nomogram model was analyzed using the 
AUC, with the results showing an AUC of 0.698 (95% CI, 0.666–0.730) for the training cohort and an AUC of 0.713 
(95% CI, 0.663–0.763) for the validation cohort (Figure 6A and D). This indicates that the model has an acceptable level 
of discrimination. The Hosmer-Lemeshow test showed a goodness fit (training cohort, P=0.107; validation cohort, 
P=0.141), indicating that the predicted probabilities of the model are essentially consistent with the actual probabilities, 
thereby confirming its robust calibration. Additionally, the calibration curves for the training and validation cohorts 
showed moderate consistency (Figure 6B and E). In summary, the nomogram of the predictive model has acceptable 
predictive power. The threshold ranges for DCA were derived from the training and validation cohorts based on the 
sensitivity and specificity of the model. The net benefit is superior to intervening on all patients or not intervening on all 
patients. Decision curve analysis showed a risk threshold of 16% and demonstrated a clinically effective predictive model 
(Figure 6C and F).

Discussion
Postherpetic neuralgia (PHN) is the most common complication of HZ. The results of this study show that the incidence 
of PHN in patients with HZ is 16.3%, which is a significant clinical issue. We analyzed 22 potential variables in 2420 
patients with herpes zoster. Five independent risk factors were pinpointed: age, gender, the presence of diabetes mellitus, 
malignant tumors, and connective tissue disorders. Through LASSO and multivariate analysis, we have developed 

Table 2 (Continued). 

Variables Overall Training Cohort (n=1696) Validation Cohort (n=724) P

GD, n (%) 0.536

No 2324 (96.0) 1626 (95.9) 698 (96.4)
Yes 96 (4.0) 70 (4.1) 26 (3.6)

TD, n (%) 0.188

No 2369 (97.9) 1656 (97.6) 713 (98.5)
Yes 51 (2.1) 40 (2.4) 11 (1.5)

Breast disease, n (%) 0.946

No 2407 (99.5) 1687 (99.5) 720 (99.4)
Yes 13 (0.5) 9 (0.5) 4 (0.6)

Allergy, n (%) 0.902

No 2355 (97.3) 1650 (97.3) 705 (97.4)
Yes 65 (2.7) 46 (2.7) 19 (2.6)

Tumor, n (%) 0.802

No 2307 (95.3) 1618 (95.4) 689 (95.2)
Yes 113 (4.7) 78 (4.6) 35 (4.8)

CTD, n (%) 0.494

No 2391 (98.8) 1674 (98.7) 717 (99.0)
Yes 29 (1.2) 22 (1.3) 7 (1.0)

Note: The variables are shown as median (interquartile range), or n (%). 
Abbreviations: DM, diabetes mellitus; CHD, coronary heart disease; PD, pulmonary disease; HBD, hepatobiliary disease; USD, urinary system 
disease; CNSD, central nervous system disease; GD, gastrointestinal disease; CTD, connective tissue diseases; HNF, head and face; SNNUL, 
shoulders, neck, and upper limbs; CNB, chest and back; ANB, abdomen and back; BNLL, buttocks and lower limbs.
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Figure 2 Univariate logistic regression forest plot. 
Abbreviations: DM, diabetes mellitus; CHD, coronary heart disease; PD, pulmonary disease; HBD, hepatobiliary disease; USD, urinary system disease; CNSD, central 
nervous system disease; GD, gastrointestinal disease; CTD, connective tissue diseases; HNF, head and face; SNNUL, shoulders, neck, and upper limbs; CNB, chest and back; 
ANB, abdomen and back; BNLL, buttocks and lower limbs.
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a dynamically visualized nomogram model and online risk calculator for the risk of PHN in patients with herpes zoster. 
The diagnostic performance of the nomogram is acceptable (AUC, 0.713), and it shows goodness consistency in the 
calibration curve. Internal validation of the model using the Bootstrap method (1000 resamples) indicates that the 
model’s accuracy is acceptable. DCA analysis indicates that the net benefit is superior to intervening on all patients or not 
intervening on all patients.

Figure 3 LASSO regression analysis for variable selection. (A) LASSO coefficient curve for the seven variables. (B) the process of determining the optimal λ value in the 
lasso regression analysis through 10-fold cross-validation and the minimum criterion. LASSO, least absolute shrinkage and selection operator.

Figure 4 Multivariable logistic regression forest plot. 
Abbreviations: DM, diabetes mellitus; PD, pulmonary disease; CTD, connective tissue diseases.
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Figure 5 Nomogram Risk Prediction Model for PHN. *A symbol indicates statistical significance, and the quantity represents the level of significance. (A) A nomogram 
model for PHN. (B) An individual nomogram. (C) A dynamic nomogram and an online risk calculator for PHN. 
Abbreviations: DM, diabetes mellitus; CTD, connective tissue disease.

https://doi.org/10.2147/JPR.S483531                                                                                                                                                                                                                                   

DovePress                                                                                                                                                               

Journal of Pain Research 2024:17 3944

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


In previous reports, age has been the only widely recognized risk factor for PHN, with the incidence of PHN in HZ 
patients across all age groups ranging from 5–30%.26 Furthermore, the incidence of PHN increases with age in the entire 
study population,27 which is consistent with our findings. The results of this study indicate that for each additional year of 
age, the odds ratio for the occurrence of PHN increases by 4.6%. Recent studies have assessed the risk of PHN in 10-year 
age increments. The findings show that the risk of PHN increases by 1.52 times for every additional decade of age.28 This 
increase is likely due to the age-related decline in cellular immune function, which may result in sustained high levels of 
the VZV after reactivation. The ongoing viral activity can lead to continuous nerve damage, potentially causing PHN.29 

Therefore, it is particularly important to implement preventive interventions early for the elderly. Additionally, some 
studies have shown that hypertension is an independent risk factor for the occurrence of PHN,14 but this was not 
confirmed in our study. T This may be due to age being not only a well-recognized independent risk factor for PHN but 
also a significant risk factor for hypertension. Therefore, further research is needed to explore the relationship between 
hypertension and PHN, taking into account age as a potential confounding factor.

When analyzing the risk of PHN based on gender, we observed that women have a higher risk, a result consistent with 
other published studies.7,30,31 The reason for this may be that women are more likely to report pain and the severity of 
pain, and they tend to experience longer-lasting pain compared to men. We consider that gender might be a factor 
influencing the incidence of shingles. Potential mechanisms could involve differences in physiological and immune 
responses between genders. For instance, women may be more likely to report pain and its severity and may experience 
more prolonged pain compared to men. Nevertheless, further research is necessary to uncover the underlying causes of 
this phenomenon.

Our research revealed that patients with HZ who also have diabetes mellitus or connective tissue disorders are at 
a significantly elevated risk for the development of PHN, with respective risk increases of 55.5% and 166.5% compared 

Figure 6 Comparison of ROC decision, calibration curves and DCA curves on the training and validation cohorts. The ROC decision on the training (A) and validation 
cohorts (D). The calibration curves on the training (B) and validation (E) cohorts. The DCA curves on the training (C) and validation (F) cohorts. 
Abbreviations: ROC, Receiver operating characteristic curve; DCA, Decision curve analysis.
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to those without these comorbidities. A study reported that diabetes mellitus frequently results in pathological alterations 
in peripheral blood vessels, which can deprive nerves of essential nutrients and facilitate viral invasion.30 Further 
evidence supports that underlying diseases such as diabetes mellitus and immune system disorders can diminish 
a patient’s immune response.32–37 This explains why patients with weakened immune systems or those receiving 
treatment for autoimmune conditions, including systemic lupus erythematosus, rheumatoid arthritis, and inflammatory 
bowel disease, are at a higher risk for developing herpes zoster (HZ), experiencing disease recurrence, and encountering 
complications.38,39

A large-scale retrospective population-based study40 has shown that the presence of various tumor types exerts 
distinct influences on the risk of developing HZ and PHN. It is noted that patients within the PHN cohort exhibit a more 
pronounced prevalence of gastrointestinal, respiratory, and hematological cancers. In our study, although we did not 
specify the types of tumors, we still found that the occurrence of PHN is associated with the presence of tumors, and 
patients with malignant tumors have a risk of developing PHN that is 2.07 times higher than that of the general 
population. These results suggest that PHN is related to the development of malignant tumor. However, another study in 
Germany found no significant association between herpes zoster infection and the development of gastrointestinal 
cancer.41 Therefore, the relationship between PHN and malignant tumors remains controversial, and future research 
analyzing the relationship between PHN and cancer risk for specific types of cancer is also clinically significant.

This study has certain limitations. Firstly, the lack of external validation is one of the main limitations of our study. Further 
research is needed to replicate and externally validate the results of this study. Secondly, our retrospective study may have 
limitations such as missing values, misclassification, and confounding, which could lead to recall bias. Thirdly, although the 
accuracy and consistency of the model are acceptable, its AUC did not reach 0.8, which means that the model’s performance has 
scope for further enhancement. Future work can focus on optimizing the model to augment its precision for practical clinical use. 
In the future, it is necessary to conduct more multicenter, prospective, large-sample clinical studies, include more patients’ 
laboratory tests data (such as CRP, immunoglobulin IgG42), treatment methods and psychological mental states,43 compare 
different algorithmic models, and establish more accurate predictive models.

Conclusion
In the current investigation, we used five routine clinical characteristics to create a dynamic nomogram that predicted 
PHN. The nomogram, which has an acceptable and moderate discrimination and calibration, could assist clinicians in 
identifying PHN early and administer timely preventive measures.
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