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Abstract

Background: Postherpetic neuralgia (PHN) remains
the most frequent and distressing sequela of herpes zoster
(HZ). Although psychological factors are known to con-
tribute to chronic pain, their role during the acute phase of
HZ in predicting PHN has not been fully clarified. This
study aimed to investigate whether acute-phase anxiety is
independently associated with subsequent PHN develop-
ment and to evaluate the added predictive value of anxiety
assessment in clinical prediction models.

Methods: This longitudinal cohort study enrolled 99
patients with acute HZ between January 2022 and January
2025. Anxiety was assessed at baseline using the Hospital
Anxiety and Depression Scale-Anxiety subscale (HADS-
A) and the State-Trait Anxiety Inventory-State subscale
(STAI-S). PHN was defined as pain lasting at least 90 days
after rash onset. We performed logistic regression to iden-
tify independent predictors and constructed receiver operat-
ing characteristic (ROC) curves to evaluate predictive per-
formance.

Results: The 3 months incidence of PHN was 41.4%
(41/99). Patients who developed PHN had significantly
higher baseline HADS-A scores (10.7 ± 3.8 vs. 6.4 ± 3.2,
p < 0.001) and STAI-S scores (52.8 ± 10.4 vs. 41.3 ± 9.7,
p < 0.001) than those who did not. Multivariate analysis
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identified three independent predictors: age (adjusted odds
ratio [OR] = 1.47 per 10 years, p = 0.038), baseline pain
intensity (adjusted OR = 1.41, p = 0.012), and HADS-A
score (adjusted OR = 1.31 per unit, p = 0.001). Clinically
significant anxiety (HADS-A ≥ 8) was associated with a
4.52-fold increased risk of PHN (95% confidence interval:
1.72–8.58, p = 0.013). HADS-A demonstrated good dis-
criminative ability (area under the curve [AUC] = 0.813),
and a combined model incorporating anxiety with clinical
variables achieved superior predictive performance (AUC
= 0.876 vs. 0.762, p = 0.019).

Conclusions: Acute-phase anxiety is an independent
and clinically meaningful predictor of PHN. Adding anxi-
ety assessment to clinical evaluation significantly improves
risk prediction accuracy, supporting routine psychological
screening and early intervention in patients with HZ.
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Introduction

Herpes zoster (HZ), commonly known as shingles, re-
sults from reactivation of latent varicella–zoster virus in
sensory ganglia after previous varicella infection. Over re-
cent decades, the worldwide incidence of HZ has gradually
increased [1]. The lifetime risk is one-quarter to one-third
of adults, and risk is substantially higher in older and im-
munocompromised populations [2]. Clinically, acute HZ
presents with unilateral dermatomal vesicular rash, accom-
panied by various symptoms including insomnia, anxiety,
and malaise.

In some patients, pain persists long after rash resolu-
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tion, a condition defined as postherpetic neuralgia (PHN)
[3,4]. Reported PHN incidence varies widely (5%–30%)
depending on definition, population, and follow-up dura-
tion [5]. PHN remains challenging to treat; current thera-
pies provide inadequate pain relief in up to 50% of affected
patients [6]. Well-established clinical predictors of PHN
include advanced age, higher acute pain intensity, more se-
vere rash, presence of prodromal symptoms, and immuno-
compromised status [7]. Recent meta-analyses have also
identified chronic obstructive pulmonary disease, hyper-
tension, malignancy, and psychological conditions such as
anxiety and depression as risk factors [8]. Despite these
advances, clinical prediction of PHN remains imprecise,
and the relationship between acute-phase psychological re-
sponses and chronic pain development has not been fully
elucidated.

The relationship between psychological factors and
chronic pain has received increasing attention, particularly
in the context of central sensitization—a state of amplified
neural responsiveness in the central nervous system that
leads to hyperalgesia and allodynia [9,10]. Evidence sug-
gests that anxiety contributes to this process through mul-
tiple mechanisms: it can activate sympathetic arousal, dys-
regulate the hypothalamic–pituitary–adrenal (HPA) axis,
and promote neuroinflammation, thereby enhancing pain
sensitization and impairing endogenous pain modulation
[11,12]. Furthermore, a study has demonstrated that pre-
existing anxiety and emotional distress are associated with
decreased pain tolerance, increased pain perception, and a
higher probability of persistent pain after acute injury or in-
flammation [13].

In HZ, acute-phase psychological factors may be im-
portant determinants of pain chronification. Preliminary
study suggested that patients who later develop PHN may
have higher levels of anxiety and depressive symptoms dur-
ing the initial infection [14]. However, evidence on anxi-
ety as an independent prospective predictor of PHN remains
inconsistent. Some prospective studies have found no sig-
nificant association between acute-phase anxiety scores and
PHN risk [15,16], while other study suggests psychological
distress predicts poor outcomes [17]. These discrepancies
may be attributable to methodological differences, includ-
ing varied assessment tools, inconsistent PHN definitions,
heterogeneous populations, and small sample sizes.

Given the substantial burden of PHN and the poten-
tially modifiable nature of psychological factors, better un-
derstanding of the relationship between acute-phase anxi-
ety and pain chronification is urgently needed Therefore,
this prospective study was designed to evaluate the predic-
tive role of acute-phase anxiety in PHN development and

severity. We prospectively enrolled patients with acute HZ
from January 2022 to January 2025, systematically assessed
anxiety using standardized instruments, and followed them
to determine PHN outcomes. This study aimed to provide
evidence for incorporating psychological assessment with
clinical variables and to identify potential targets for early
intervention.

Methods

Study Design

This prospective cohort study was conducted at the
Department of Pain Medicine and Dermatology, Haining
Central Hospital, from January 2022 to January 2025. The
primary objective was to examine whether anxiety symp-
toms at HZ onset are associated with subsequent PHN.
Participants were monitored for at least six months after
rash onset to ascertain PHN outcomes. The study proto-
col was approved by the Haining Central Hospital Institu-
tional Ethics Committee (Approval No.2006001). All pro-
cedures adhered to internationally accepted ethical princi-
ples for medical research involving human subjects. Writ-
ten informed consent was obtained from each participant
prior to enrolment. The study was conducted in accordance
with the Declaration of Helsinki [18].

Participants

Patients with acute HZ were consecutively recruited
from the outpatient clinics and inpatient wards. HZ diag-
nosis was based on unilateral dermatomal vesicular rash
with localized pain or sensory abnormalities. The inclusion
criteria were as follows: (1) age ≥18 years; (2) confirmed
acute HZ within 14 days of rash onset [6]; (3) no previous
HZ episodes; (4) ability to complete study questionnaires;
and (5) agreement to attend follow-up assessments. The
exclusion criteria were as follows: (1) pre-existing chronic
pain conditions in the affected dermatome; (2) severe cog-
nitive impairment or psychiatric disorders precluding re-
liable assessment; (3) current regular use of psychotropic
medication for anxiety or depression (patients completed a
brief psychiatric history questionnaire at baseline to record
pre-existing anxiety or depression diagnoses); (4) immuno-
compromised status due to human immunodeficiency virus
(HIV), organ transplantation, or active malignancy requir-
ing chemotherapy; (5) pregnancy or lactation; or (6) antic-
ipated inability to complete follow-up due to relocation or
terminal illness.
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Sample Size Calculation

Sample size was estimated using previously reported
PHN incidence rates of approximately 15–20% among pa-
tients with HZ and an anticipated difference in anxiety
scores between PHN and non-PHN groups [1]. With a two-
sided significance level of 0.05, a statistical power of 80%,
and an expected odds ratio (OR) of 2.5 for high anxiety pre-
dicting PHN [19], we calculated that at least 80 participants
were required. Accounting for an expected attrition rate of
approximately 15% during follow-up, we aimed to enrol
at least 95 patients. Sample size calculation was performed
using PASS software (version 15.0; NCSS, LLC, Kaysville,
UT, USA) with the formula: n = [(Zα/2 + Zβ)2 × {P1(1 –
P1) + P2(1 – P2)}] / (P1 – P2)2, where n = required sample
size per group, Zα/2 = 1.96 for two-sided, α = 0.05. Zβ =
0.84 for β = 0.20, β = 0.20 (power = 80%), P1 = propor-
tion of PHN in the low-anxiety group (baseline risk), P2 =
proportion of PHN in the high-anxiety group.

Data Collection and Assessment Tools

Baseline demographic and clinical information was
recorded within 24 hours of enrolment, including age, sex,
and comorbidities (e.g., diabetes, hypertension, cardiovas-
cular disease). Disease-specific variables included time
from rash onset to presentation, dermatomal location (e.g.,
cranial, cervical, thoracic, lumbar, or sacral), rash sever-
ity graded on a four-level scale according to lesion ex-
tent and vesicle density, presence of prodromal symptoms,
and antiviral treatment regimen. All patients received oral
valacyclovir (1 g, three times daily) for 7 days, with no
variation in drug type or dosage. Analgesic treatment fol-
lowed the World Health Organization pain ladder. parac-
etamol formild pain, non-steroidal anti-inflammatory drugs
(NSAIDs) for moderate pain, and NSAIDs plus weak opi-
oids for severe pain.

Anxiety was assessed using the Hospital Anxiety and
Depression Scale-Anxiety subscale (HADS-A) [20] and
the State-Trait Anxiety Inventory-State subscale (STAI-S)
[21]. HADS-A consists of seven items scored from 0 to
3, yielding total scores ranging from 0 to 21, with higher
values indicating greater anxiety. A score of ≥8 was used
to define clinically significant anxiety. 7 items: Item 1: I
feel tense or “wound up”; Item 3: I get a sort of frightened
feeling as if something awful is about to happen; Item 5:
Worrying thoughts go through my mind; Item 7: I can sit at
ease and feel relaxed; Item 9: I get a sort of frightened feel-
ing like “butterflies” in the stomach; Item 11: I feel restless
as if I have to be on the move; Item 13: I get sudden feelings
of panic. Cronbach’s α is 0.81.

The STAI-S comprises 20 items rated on a four-point
Likert scale, generating scores between 20 and 80. Both in-
struments have been validated in Chinese populations and
demonstrate good psychometric properties for anxiety as-
sessment in medical settings. The content assesses subjec-
tive feelings of tension, apprehension, nervousness, worry,
and autonomic nervous system arousal. It comprises a bal-
ancedmix of items reflecting anxious emotions and reverse-
scored items representing calm states. All items are rated
on a 4-point intensity scale from not at all to very much so,
with total scores ranging from 20 to 80; higher scores indi-
cate severe state anxiety. Cronbach’s α is 0.84.

Depression was assessed using the Hospital Anxi-
ety and Depression Scale-Depression subscale (HADS-D)
[22]. The HADS-D consists of seven items assessing anhe-
donia and loss of interest, core features of depression, while
specifically excluding somatic symptoms thatmight be con-
founded with physical illness. The items focus on reduced
pleasure, loss of interest in appearance, diminished ability
to laugh, and lack of optimism about the future. Addition-
ally, it captures feelings of slowing down and the capacity to
enjoy entertainment. All items are rated on a 4-point Likert
scale (0–3) based on the patient feeling over the past week.
Total scores ranging from 0 to 21, with higher scores indi-
cating greater depressive symptomatology, typically cate-
gorized as normal (0–7), mild (8–10), moderate (11–14), or
severe (15–21). Cronbach’s α is 0.83.

Pain severity was quantified using an 11-point Nu-
meric Rating Scale (NRS) [23], anchored at 0 (“no pain”)
and 10 (“pain as severe as imaginable”). Participants re-
ported their present pain intensity as well as average and
maximum pain during the preceding 24 hours.

Qualitative pain characteristics were assessed with the
Short-Form McGill Pain Questionnaire (SF-MPQ) [24],
which includes sensory and affective descriptors. SF-MPQ
consists of three primary components, including the pain
rating index: This index includes 15 descriptive adjectives
(11 sensory and 4 affective), each rated on a 0–3 intensity
scale.

Neuropathic features were evaluated using the Leeds
Assessment of Neuropathic Symptoms and Signs (LANSS)
[25] was administered to evaluate the neuropathic charac-
teristics of pain. It consists of two main parts: the first is a
5-item patient-reported questionnaire that assesses specific
sensory disturbances (e.g., the presence of pins and nee-
dles), changes in skin colour or sweating, and sensations
of heat or burning. The second part involves a brief clinical
examination by a practitioner to detect the presence of allo-
dynia and an altered pinprick threshold. Each of the seven
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total items is assigned a weighted score, and a total score of
12 or higher (out of a maximum of 24) indicates that neu-
ropathic mechanisms are likely contributing to the patient’s
pain. Cronbach’s α is 0.84.

Rash severity was graded as follows: mild, defined as
rash involving less than one-fourth of the neve-innervated
dermatome; moderate, rash involving one-fourth to three-
fourths of the dermatome; and severe/very severe, rash in-
volving more than three-fourths of the dermatome [26].

Definition of PHN and Outcome Measures

The primary endpoint of the study was PHN, defined
as pain persisting in the affected dermatome for at least
90 days after rash onset [27]. Secondary outcomes in-
cluded: (1) PHN severity classified by average 3-month
NRS scores: mild (1–3), moderate (4–6), severe (7–10)
[28]; (2) time to pain resolution in non-PHN patients;
and (3) pain-related functional interference assessed by the
Brief Pain Inventory–Short Form [29].

Follow-up Procedures

Follow-up assessments were conducted at 1, 3 and
6 months after rash onset. At each visit, patients un-
derwent standardized evaluation of pain status (e.g., cur-
rent NRS, pain quality, analgesic use). The 3-month as-
sessment served as the primary time point for determining
PHN status. Patients unable to attend in-person visits were
contacted by telephone. Those who failed to respond to
three consecutive contact attempts were classified as lost
to follow-up. All patients received routine clinical man-
agement (e.g., antiviral and analgesic agents) as clinically
indicated; treatment decisions were made independently by
attending physicians and were not influenced by study par-
ticipation.

Statistical Analysis

Statistical analyses were performed using SPSS (ver-
sion 26.0; International Business Machines Corporation,
Armonk, NY, USA) and R software (version 4.2.0; R Foun-
dation for Statistical Computing, Vienna, Austria). A two-
tailed significance threshold of 0.05 was used. Continu-
ous variables were summarized as mean ± standard de-
viation for normally distributed data or median with in-
terquartile range for non-normal distributions. Categori-
cal variables were expressed as counts and percentages.
Between-group comparisons used independent-sample t-
tests orMann–Whitney U tests for continuous variables and

chi-square or Fisher’s exact tests for categorical variables,
as appropriate. Pearson correlation was used to assess the
relationship between HADS‑A and HADS-D scores.

To explore determinants of PHN, logistic regression
modelling was used to identify relevant predictors. In uni-
variate logistic regression analysis, variables yielding asso-
ciations with p < 0.10 in preliminary analyses, along with
clinically relevant covariates, were incorporated into multi-
variable models. Multicollinearity was assessed using vari-
ance inflation factors (VIFs). A conventional threshold of
VIF<2.5 was defined as acceptable multicollinearity; vari-
ables with VIF ≥2.5 were considered to have significant
collinearity and were excluded or adjusted to stabilize re-
gression estimates. Adjusted ORs with corresponding 95%
confidence intervals (CIs) were reported. Model fit was
evaluated using the Hosmer–Lemeshow test.

Discriminative performance of anxiety measures and
combined prediction models was assessed using receiver
operating characteristic (ROC) curves. The area under the
curve (AUC) quantified predictive accuracy, thresholds of
0.7 to<0.8, 0.8 to<0.9, and>0.9 were considered accept-
able, excellent, and outstanding, respectively [30]. Opti-
mal cut-off values were determined using the Youden in-
dex. AUC comparisons used the DeLong method. Inter-
nal validation of the predictive model was performed using
bootstrap resamplingwith 1000 iterations to generate an op-
timism adjusted AUC, which was used to evaluate model
stability and reduce overfitting bias.

Strict assessor blinding was implemented: the re-
search team was divided into two independent groups: as-
sessment group (baseline anxiety or pain rating and follow-
up data collection) and outcome adjudication group (PHN
diagnosis based on follow-up pain data). The assessment
group was unaware of future PHN outcomes, and the out-
come adjudication group had no access to the baseline anx-
iety scores. All data were de-identified and coded before
statistical analysis to eliminate assessor bias, and this blind-
ing protocol is now explicitly described in the manuscript.

Results

Patient Enrolment and Follow-up

Between January 2022 and January 2025, 127 patients
presenting with acute HZ were screened for eligibility. Of
these, 23 were excluded: 8 due to immunocompromised
status (3 with active malignancy on chemotherapy, 3 post-
transplant, 2withHIV), 6 due to pre-existing chronic pain, 4
due to cognitive impairment, 3 due to current psychotropic
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medication use, and 2 due to anticipated inability to com-
plete follow-up. Thus, 104 participants met inclusion cri-
teria and completed baseline evaluations. During follow-
up, 5 patients (4.8%) were lost to follow-up: 2 relocated,
2 withdrew consent, and 1 died from unrelated cardiovas-
cular disease. The final analytic cohort comprised 99 pa-
tients, exceeding the calculated minimum sample size re-
quirement.

Baseline Demographic and Clinical Characteristics

Baseline characteristics stratified by anxiety status
(HADS-A ≥8 vs. <8; Table 1). Mean age was 58.4 ±
12.7 years (range 24–86), 56.6% were female. Approxi-
mately two-thirds were ≥50 years. Thoracic involvement
was most common (52.5%), followed by cervical (18.2%),
lumbar (15.2%), cranial (11.1%), and sacral (3.0%). Me-
dian time from rash onset to clinical presentation was 4 days
(Q1–Q3: 2–6). Prodromal symptoms were reported by 61
patients (61.6%). Rash severity was mild in 29.3%, moder-
ate in 37.4%, severe in 33.3%. Mean baseline pain intensity
NRS was 5.8± 2.1, 72 patients (72.7%) have LANSS≥12,
indicating neuropathic pain. Hypertension (38.4%), dia-
betes mellitus (22.2%), and cardiovascular disease (15.2%)
were common comorbidities. All patients received antiviral
therapy within 72 hours of enrolment.

Patients with clinically significant anxiety were older
on average (62.1 ± 11.8 vs. 55.4 ± 12.9 years, p = 0.011),
but the proportion of patients aged ≥50 years did not dif-
fer significantly (75.6% vs. 62.1%, p = 0.144)—likely due
to the variability in age distribution within the ≥50 years
subgroup (e.g., a higher proportion of young-old patients
[50–64 years] in the non-anxiety group and a higher propor-
tion of old-old patients [≥65 years] in the anxiety group).
This age distribution heterogeneity is the main reason for
the non-significant difference in the categorical age vari-
able. Patients in HADS-A ≥8 group also exhibited higher
baseline pain intensity (6.7 ± 1.9 vs. 5.1 ± 2.1, p < 0.001)
and severe or very severe rash (51.2% vs. 24.6%, p =
0.006). No other significant differences were observed be-
tween anxiety groups with respect to sex distribution, der-
matomal location, time to presentation, prodromal symp-
toms, or comorbidities (Table 1).

Incidence and Severity of PHN

At 3-month follow-up assessment, 41 of 99 patients
(41.4%) met the diagnostic criteria for PHN, and 58
(58.6%) had complete pain resolution. PHN incidence was
markedly higher in patient with clinically significant anxi-

ety compared with those without anxiety (63.4% vs. 25.9%,
χ2 = 14.27, p < 0.001). Among the 41 patients with PHN,
pain severity was mild (NRS 1–3) in 12 patients (29.3%),
moderate (NRS 4–6) in 19 (46.3%), and severe (NRS 7–
10) in 10 (24.4%). At six-month, 32 patients (32.3%) had
persistent pain, indicating that 9 patients with PHN at 3
months subsequently achieved pain resolution between the
third and sixth month (Table 2). Mean time to complete
pain resolution in non-PHN patients was 42.3 ± 18.6 days.

Comparison of Anxiety Levels Between PHN and
Non-PHN Groups

This study enrolled 99 patients with acute HZ, of
whom 41 (41.4%) developed PHN at the 3-month follow-up
(PHNgroup), while 58 (58.6%) achieved complete pain res-
olution (non-PHN group). Baseline anxiety levels differed
significantly between PHN and non-PHN groups. PHN pa-
tients had higher HADS-A scores (10.7± 3.8 vs. 6.4± 3.2,
t = 5.42, p< 0.001), higher STAI-S scores (52.8± 10.4 vs.
41.3 ± 9.7, t = 4.89, p < 0.001), and HADS-D scores (8.3
± 3.5 vs. 5.6 ± 2.9, t = 3.67, p < 0.001) than in the non-
PHN group. Using HADS-A≥8 to define clinically signif-
icant anxiety, 63.4% (26/41) of patients in the PHN group
had significant anxiety compared with 25.9% (15/58) in the
non-PHN group (χ2 = 14.27, p < 0.001). Correlation anal-
ysis revealed a moderate association between HADS-A and
HADS-D scores (r = 0.58, p< 0.001, Fig. 1), indicating that
anxiety and depression are partially independent constructs
(Table 3).

Univariate Analysis of Risk Factors for PHN Development

To examine factors associated with PHN onset, sep-
arate logistic regression models were constructed for each
candidate variable (Table 4). Age demonstrated a signifi-
cant positive association, with each 10-year increase corre-
sponding to an OR of 1.58 (95% CI: 1.18–2.12, p = 0.002).
Although female sex demonstrated a higher estimated odds
of PHN (OR = 1.76, 95% CI: 0.64–4.84, p = 0.273). Base-
line acute pain intensity was a strong predictor, with an OR
of 1.52 per unit increase in NRS score (95% CI: 1.21–1.91,
p < 0.001). Compared with mild or moderate rash, severe
or very severe rash was associated with substantially ele-
vated odds of PHN (OR = 3.42, 95% CI: 1.28–9.14, p =
0.014). The presence of prodromal symptoms conferred an
OR of 2.67 (95% CI: 0.91–7.83, p = 0.074). Among co-
morbidities, diabetes mellitus was significantly associated
with PHN development (OR = 2.89, 95% CI: 1.04–8.03,
p = 0.042), while hypertension showed a non-significant
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Table 1. Baseline demographic and clinical characteristics by anxiety status.
Variable Total (n = 99) HADS-A ≥8 (n = 41) HADS-A <8 (n = 58) χ2/t/Z p value

Age (years), mean ± SD 58.4 ± 12.7 62.1 ± 11.8 55.4 ± 12.9 t = 2.58 0.011
Age ≥50 years 67 (67.7%) 31 (75.6%) 36 (62.1%) χ2 = 2.13 0.144
Female 56 (56.6%) 25 (61.0%) 31 (53.4%) χ2 = 0.59 0.442
Median time from rash onset (days) 4 (2, 6) 4 (2, 6) 4 (2, 6) Z = 1.48 0.071
Rash location χ2 = 2.51 0.644

Thoracic 52 (52.5%) 21 (51.3%) 31(53.4%)
Cervical 18 (18.2%) 10 (24.4%) 8 (13.8%)
Lumbar 15 (15.2%) 6 (14.6%) 9 (15.5%)
Cranial 11 (11.1%) 3 (7.3%) 8 (13.8%)
Sacral 3 (3.0%) 1 (2.4%) 2 (3.4%)

Comorbidities
Hypertension 38 (38.4%) 18 (43.9%) 20 (34.5%) χ2 = 0.05 0.832
Diabetes mellitus 22 (22.2%) 10 (24.4%) 12 (20.7%) χ2 = 0.19 0.663
Cardiovascular disease 15 (15.2%) 7 (17.4%) 8 (13.8%) χ2 = 0.20 0.654

Baseline pain (NRS), mean ± SD 5.8 ± 2.1 6.7 ± 1.9 5.1 ± 2.1 t = 3.82 <0.001
Rash severity χ2 = 10.10 0.006

Mild 32 (32.3%) 10 (24.4%) 22 (37.9%)
Moderate 34 (34.3%) 10 (24.4%) 24 (41.4%)
Severe/Very severe 33 (33.3%) 21 (51.2%) 12 (20.7%)

Prodromal symptoms 61 (61.6%) 27 (65.9%) 34 (58.6%) χ2 = 0.56 0.456
Neuropathic pain (LANSS ≥12) 72 (72.7%) 32 (78.0%) 40 (69.0%) χ2 = 1.02 0.312

Note: SD, standard deviation; NRS, Numeric Rating Scale; LANSS, Leeds Assessment of Neuropathic Symptoms and Signs;
HADS-A, Hospital Anxiety and Depression Scale-Anxiety subscale.

Table 2. Incidence and severity of PHN by anxiety status.
Variable Total (n = 99) HADS-A ≥8 (n = 41) HADS-A <8 (n = 58) χ2/t p

PHN at 3 months, Present 41 (41.4%) 26 (63.4%) 15 (25.9%) χ2 = 14.27 <0.001
PHN severity - Mild (NRS 1–3) 12 (29.3%) 6 (23.1%) 6 (40.0%) χ2 = 1.89 0.389
PHN severity - Moderate (NRS 4–6) 19 (46.3%) 13 (50.0%) 6 (40.0%)
PHN severity - Severe (NRS 7–10) 10 (24.4%) 7 (26.9%) 3 (20.0%)
PHN at 6 months, Persistent 32 (32.3%) 21 (51.2%) 11 (19.0%) χ2 = 11.35 0.001

Note: PHN, postherpetic neuralgia; NRS, Numeric Rating Scale; HADS-A, Hospital Anxiety and Depression Scale-Anxiety subscale.

Table 3. Comparison of anxiety levels between PHN and Non-PHN groups.
Variable PHN Group (n = 41) Non-PHN Group (n = 58) t/χ2 p value

HADS-A score (mean ± SD) 10.7 ± 3.8 6.4 ± 3.2 t = 5.42 <0.001
STAI-S score (mean ± SD) 52.8 ± 10.4 41.3 ± 9.7 t = 4.89 <0.001
HADS-D score (mean ± SD) 8.3 ± 3.5 5.6 ± 2.9 t = 3.67 <0.001
Clinically significant anxiety (HADS-A ≥8) 26 (63.4%) 15 (25.9%) χ2 = 14.27 <0.001

Note: PHN, postherpetic neuralgia; HADS-A, Hospital Anxiety and Depression Scale-Anxiety subscale; HADS-D, Hospital
Anxiety and Depression Scale-Depression subscale; STAI-S, State-Trait Anxiety Inventory-State subscale; SD, standard de-
viation.

trend (OR = 2.21, 95% CI: 0.84–5.82, p = 0.108). Most no-
tably, both anxiety measures were strongly associated with
PHN: HADS-A (OR = 1.38 per unit, 95% CI: 1.19–1.60,
p < 0.001). Similarly, STAI-S scores demonstrated a sig-
nificant incremental effect (OR = 1.09 per point, 95% CI:
1.04–1.14, p< 0.001). In categorical anxiety analysis, par-

ticipants with clinically significant anxiety (HADS-A ≥8)
had markedly higher odds of PHN (OR = 6.78, 95% CI:
2.32–19.82, p < 0.001).
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Fig. 1. Correlation between HADS-A and HADS-D scores. Correlation analysis showed a moderately strong positive correlation
between HADS-A and HADS-D scores (Pearson r = 0.58, n = 99, p< 0.001). HADS-A, Hospital Anxiety and Depression Scale-Anxiety
subscale; HADS-D, Hospital Anxiety and Depression Scale-Depression subscale.

Table 4. Univariate analysis of risk factors for PHN development.
Variable Category/Unit OR 95% CI p

Age Per 10-year increment 1.58 1.18–2.12 0.002
Sex Female vs. Male 1.76 0.64–4.84 0.273
Acute pain intensity (NRS) Per unit increase 1.52 1.21–1.91 <0.001
Rash severity Severe/Very severe vs. Mild/Moderate 3.42 1.28–9.14 0.014
Prodromal symptoms Present vs. Absent 2.67 0.91–7.83 0.074
Diabetes mellitus Present vs. Absent 2.89 1.04–8.03 0.042
Hypertension Present vs. Absent 2.21 0.84–5.82 0.108
HADS-A score Per unit increase 1.38 1.19–1.60 <0.001
STAI-S score Per unit increase 1.09 1.04–1.14 <0.001
Clinically significant anxiety HADS-A ≥8 vs. <8 6.78 2.32–19.82 <0.001

Note: OR, odds ratio; CI, confidence interval; NRS, Numeric Rating Scale; HADS-A, Hospital Anxiety and
Depression Scale-Anxiety subscale; STAI-S, State-Trait Anxiety Inventory-State subscale; PHN, posther-
petic neuralgia.

Multivariate Analysis and Independent Predictors of PHN

Multivariable logistic regression identified indepen-
dent predictors (Table 5). All models were adjusted for
the same set of covariates. Model 1 (including age, base-
line pain intensity, rash severity, prodromal symptoms, di-
abetes mellitus, LANSS score, and continuous HADS-A),
showed that age (adjusted OR = 1.47 per 10 years, 95% CI:

1.02–2.11, p = 0.038), baseline pain intensity (adjusted OR
= 1.41, 95% CI: 1.08–1.84, p = 0.012), and HADS-A score
(adjusted OR = 1.31 per unit, 95%CI: 1.11–1.54, p = 0.001)
were independent predictors. Model 2 (using categorical
HADS-A≥8 vs. <8) found that clinically significant anxi-
ety remained an independent predictor (adjusted OR = 4.52,
95% CI: 1.72–8.58, p = 0.013). Model 3 (using STAI-S in-
stead of HADS-A) showed that STAI-S score was also inde-
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Table 5. Multivariate analysis and independent predictors of PHN.
Model/Variable Category/Unit Adj. OR 95% CI p

Model 1 (HADS-A continuous)
Age Per 10-year increment 1.47 1.02–2.11 0.038
Baseline pain intensity Per unit increase 1.41 1.08–1.84 0.012
HADS-A score Per unit increase 1.31 1.11–1.54 0.001

Model 2 (HADS-A categorical)
Clinically significant anxiety HADS-A ≥8 vs <8 4.52 1.72–8.58 0.013

Model 3 (STAI-S)
STAI-S score Per unit increase 1.07 1.02–1.12 0.008

Model 4 (HADS-A and HADS-D)
HADS-A score Per unit increase 1.28 1.07–1.53 0.006
HADS-D score Per unit increase 1.09 0.93–1.28 0.284

Note: Adj. OR, adjusted odds ratio; CI, confidence interval; HADS-A, Hospital Anxiety and Depression
Scale-Anxiety subscale; HADS-D, Hospital Anxiety and Depression Scale-Depression subscale; STAI-S,
State-Trait Anxiety Inventory-State subscale; PHN, postherpetic neuralgia. Hosmer–Lemeshow test: χ2

=6.83, p = 0.556. Variance inflation factor (VIF) < 2.5 for all predictors. Model 1 (HADS‑A continuous):
Adjusted for age, baseline pain intensity (Numeric Rating Scale [NRS]), rash severity, prodromal symptoms,
diabetes mellitus, Leeds Assessment of Neuropathic Symptoms and Signs (LANSS) score, and continuous
HADS‑A score. Model 2 (HADS‑A categorical): Adjusted for the same variables asModel 1, with HADS‑A
replaced by categorical anxiety status (HADS‑A≥8 vs. <8). Model 3 (STAI‑S): Adjusted for the same vari-
ables as Model 1, with HADS‑A replaced by continuous STAI‑S score. Model 4 (HADS‑A and HADS‑D):
Adjusted for the same variables as Model 1, with additional inclusion of continuous HADS‑D score.

pendent predictive value (adjusted OR = 1.07 per unit, 95%
CI: 1.02–1.12, p = 0.008). Model 4 (including HADS-A
and HADS-D) showed that anxiety retained significance (p
= 0.006) while depression did not (p = 0.284), suggesting
that the predictive effect is primarily attributable to anxi-
ety rather than general psychological distress. Model diag-
nostics for Model 1 were satisfactory: Hosmer–Lemeshow
goodness-of-fit test was non-significant (χ2 = 6.83, p =
0.556), all VIFs for all included predictors were <2.5, ex-
cluding significant multicollinearity.

Predictive Performance of Anxiety for PHN Development

ROC analysis showed that HADS-A had good dis-
criminative ability (AUC = 0.813, 95% CI: 0.718–0.908,
p < 0.001). The optimal cut-off (Youden index) was 8.5,
with sensitivity 76.2% and specificity 75.6%, positive pre-
dictive value 45.7% and negative predictive value 92.2%.
STAI-S showed similar performance (AUC = 0.789, 95%
CI: 0.687–0.891, p < 0.001, optimal cut-off 47.5, sensi-
tivity 71.4%, specificity 73.1%). When anxiety measures
were combined with established clinical predictors (age and
baseline pain intensity) to build a composite mode based
on the clinical factors model, HADS-A score was incor-
porated to construct the combined model (AUC = 0.876,
95% CI: 0.800–0.952), representing a significant improve-
ment over the clinical-only model (AUC = 0.762), as veri-

fied by DeLong comparison testing (Z = 2.34, p = 0.019).
Internal validation using bootstrap resampling (1000 itera-
tions) produced an optimism-adjusted AUC of 0.854 (95%
CI: 0.826–0.882), indicating robust predictive performance.
These findings demonstrate that incorporating anxiety as-
sessment significantly enhances the accuracy of PHN risk
prediction beyond traditional clinical factors alone (Table 6,
Fig. 2).

Discussion

In this longitudinal cohort, anxiety symptoms mea-
sured at HZ onset were strongly associated with subsequent
PHN development, even after adjusting for established clin-
ical risk factors. Patients with clinically pronounced anxi-
ety at baseline had a substantially elevated risk of PHN, and
adding anxiety assessment to clinical predictionmodels sig-
nificantly improved prognostic accuracy beyond traditional
clinical factors alone. These findings underscore the clini-
cal relevance of integrating psychological assessment into
routine HZ care and support early, targeted intervention.

The observed association between acute-phase anxi-
ety and PHN development can be understood within the
framework of central sensitization, a pathophysiological
process increasingly recognized as fundamental to the tran-
sition from acute to chronic pain [31]. Central sensitization
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Table 6. Predictive performance of anxiety for PHN development.
Analysis/Variable Value 95% CI Sens/Spec p value

ROC curve analysis
HADS-A score (AUC) 0.813 0.718–0.908 76.2%/75.6% <0.001
HADS-A optimal cut-off 8.5 PPV: 45.7% NPV: 92.2%
STAI-S score (AUC) 0.789 0.687–0.891 71.4%/73.1% <0.001
STAI-S score optimal cut-off 47.5 PPV: 42.3% NPV: 90.1%

Model comparison
Clinical-only model (AUC) 0.762 0.693–0.831
Combined model (AUC) 0.876 0.800–0.952
DeLong test (Combined vs Clinical) Z = 2.34 0.019

Internal validation
Bootstrap resampling (1000 iter.)
Optimism-corrected AUC 0.854 0.826–0.882 <0.001

Note: ROC, receiver operating characteristic; AUC, area under the curve; CI, confidence interval;
PPV, positive predictive value; NPV, negative predictive value; Sens, sensitivity; Spec, specificity;
HADS-A, Hospital Anxiety and Depression Scale-Anxiety subscale; STAI-S, State-Trait Anxiety
Inventory-State subscale; PHN, postherpetic neuralgia. Combined model includes age, baseline
pain intensity (Numeric Rating Scale [NRS]), and HADS-A score.

Fig. 2. ROC curves for PHN development prediction. HADS-A, Hospital Anxiety and Depression Scale-Anxiety subscale; STAI-S,
State-Trait Anxiety Inventory-State subscale; ROC, receiver operating characteristic; AUC, area under the curve; PHN, postherpetic
neuralgia. Fig. 2 presents the ROC curves comparing the discriminatory performance of different predictive models: HADS-A alone,
STAI-S scale, clinical factors only (age, baseline pain intensity, rash severity, prodromal symptoms, diabetes mellitus, and Leeds As-
sessment of Neuropathic Symptoms and Signs [LANSS] score), and the combined model incorporating both anxiety and clinical factors.
The figure clearly demonstrates the superior predictive performance of the combined model (AUC = 0.876) compared to either HADS-A
alone (AUC = 0.813) or clinical factors alone (AUC = 0.762).
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refers to increased responsiveness and lowered activation
thresholds, leading to exaggerated pain signalling evenwith
mild peripheral input [32]. Clinically, this manifests as hy-
peralgesia and allodynia, which are characteristic features
of PHN.

Anxiety modulates pain processing through multiple
interconnected mechanisms. Firstly, anxiety is associated
with HPA axis dysregulation, leading to sustained corti-
sol elevation and other stress hormones [33]. While acute
cortisol release is adaptive, chronic HPA axis activation
promotes neuroinflammation and impairs brain regions in-
volved in pain modulation (e.g., prefrontal cortex, anterior
cingulate cortex and hippocampus) [34]. These alterations
compromise descending inhibitory pain pathways that nor-
mally suppress nociceptive transmission at the spinal level,
thereby facilitating central sensitization. However, the
mechanistic link between acute-phase state anxiety and cen-
tral sensitization in PHN requires further validation through
basic science research.

Neuroinflammatory processes further provide a plau-
sible mechanistic bridge between psychological distress
and chronic pain maintenance [35]. Glial cells, partic-
ularly microglia and astrocytes in the spinal cord and
supraspinal structures, become activated in response to pe-
ripheral nerve injury and psychological stressors. Animal
study have shown that activated microglia and astrocytes
release pro-inflammatory cytokines—such as interleukin-
1β, interleukin-6, and tumour necrosis factor-α that en-
hance synaptic transmission and promote neuronal hyper-
excitability [36]. Although we did not measure inflamma-
tory factors in this study, the role of neuroinflammation in
modulating psychological distress and PHN required fur-
ther mechanistic investigation.

Our findings align with a multidimensional pain
model integrating biological injury with cognitive and
emotional influences. While the biological substrate of
PHN—varicella-zoster virus-induced damage to sensory
neurons—is well characterized, the model emphasizes that
tissue pathology alone does not explain the marked hetero-
geneity in clinical outcomes among patients with HZ. The
HADS-A cut-off of≥8 for clinically significant anxiety is a
clinically validated threshold widely used in medical popu-
lations. The optimal cut-off of 8.5 identified by ROC analy-
sis is a statistical threshold for PHN prediction, which max-
imizes sensitivity and specificity but less practical for clin-
ical use. We emphasize that both thresholds are clinically
meaningful: HADS-A≥8 is recommended for routine clin-
ical screening of high-risk patients with HZ, while HADS-
A = 8.5 can be used for research purposes to optimize PHN
risk prediction.

Prior investigations of psychological determinants
of PHN have produced heterogeneous findings. The
ORs/hazard ratios for PHN associated with psychological
factors have varied widely, mainly due to differences in
design, sample size, PHN definition, assessment tools for
anxiety/depression, follow-up duration, and confounder ad-
justment [8]. An early retrospective study suggested that
patients who later developed PHN had greater psychologi-
cal distress or social stressors at disease onset [37]. A small
prospective study of 19 patients with HZ reported that those
who developed PHN had greater depression, anxiety, and
disease conviction during the acute phase compared with
those who recovered without chronic pain [38]. Previous
study has suggested a link between acute-phase psycholog-
ical distress and PHN; the key contributions of this study are
confirming that acute-phase state anxiety is an independent
predictor of PHN after rigorous adjustment for established
clinical risk factors and depression [17]. We also quanti-
fied the incremental predictive value of anxiety assessment
for PHN, and developed a validated combined prediction
model incorporating anxiety and clinical factors with high
discriminatory ability.

Identifying acute-phase anxiety as an independent pre-
dictor of PHN has substantial implications for clinical prac-
tice. Routine psychological screening of patients with HZ
using validated instruments such as the HADS could facil-
itate early identification of individuals at elevated risk for
chronic pain. The HADS-A scale is a brief 7-item question-
naire suitable for routine clinical screening. Such screening
incurs almost no additional cost and can identify high-risk
patients for targeted intervention, potentially reducing PHN
incidence and long-termmedical costs of chronic pain man-
agement.

Beyond risk stratification, our findings suggest that
alleviating anxiety is significantly associated with reduced
PHN risk. For patients with HZ who have clinically signifi-
cant state anxiety (HADS-A≥8), brief interventions focus-
ing on pain education, relaxation techniques, and activity
pacing could be delivered by trained nurses or through dig-
ital health platforms. A major strength of this study is its
prospective cohort design, which establishes the temporal
sequence of anxiety during acute HZ and subsequent PHN
development, supporting valid predictive inference. Fur-
thermore, multivariable logistic regression rigorously ad-
justed for established clinical risk factors, confirming that
acute‑phase anxiety has an independent predictive effect on
PHN. Thesemethodological features improve the reliability
and interpretability of our findings.
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Limitations

Several limitations of this study should be acknowl-
edged. Firstly, the single-centre design and modest sample
size may limit external validity. Large-scale multicentre
prospective cohort studies are needed to validate the pre-
dictive value of acute-phase anxiety for PHN and to refine
the prediction model in diverse populations. Secondly, the
overlap between anxiety and depressive symptoms makes
complete dissection of their independent effects challeng-
ing. Future large-sample studies should further explore the
independent and interactive effects of anxiety and depres-
sion on PHN development. Thirdly, we did not account for
potential confounding by pre-clinical PHN-related neural
changes, such as early viral-induced peripheral nerve dam-
age and central sensitization, which may induce acute anxi-
ety in patients with HZ rather than anxiety directly promot-
ing PHN development. Therefore, targeted anti-anxiety in-
terventions in acute HZ to prevent PHN are needed to con-
firm the causality. Importantly, only 41 PHN events were
observed in our cohort. According to the events per variable
(EPV) principle in epidemiological research, where EPV
≥10 is generally recommended for model stability, a mul-
tivariate model could robustly incorporate approximately 4
predictors given the limited number of events. However,
the number of variables included in our regression models
exceeded this recommended threshold, introducing a risk
of model overfitting, which potentially lead to unstable or
overestimated effect sizes. Therefore, the independent risk
factors identified in this study and effect estimates should be
interpreted with caution, and their generalizability requires
further validation.

Conclusions

In conclusion, this prospective study provides evi-
dence that anxiety state during the acute phase of HZ is an
independent predictor of PHN development. Adding anx-
iety assessment to clinical evaluation improves risk pre-
diction accuracy beyond traditional clinical factors alone.
These findings support the biopsychosocial model of pain
and highlight the potential value of early psychological
screening and intervention in patients with acute HZ.
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