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Abstract
Background:
Although vitamin D has immunomodulatory effects, any association with herpes
zoster (HZ) is unclear.
Aim:
To explore the association between vitamin D status and the risk of incident HZ
in adults in the UK.
Design and setting:
We conducted a cohort study including participants from UK Biobank, who had
at least one vitamin D testing result with linked primary care electronic health
records.
Methods:
The primary exposure was vitamin D status, categorised as deficient (< 25
nmol/L), insufficient (25–50 nmol/L) or sufficient (≥ 50 nmol/L). The secondary
exposures were self-reported vitamin D supplementation at baseline assessment and
vitamin D prescription records. The outcome was diagnosed incident HZ, identified
from linked primary care or hospital inpatient records. We used Weibull regression,
adjusting for potential confounders including demographic factors, comorbidities and
immunosuppression.
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Results:
We included 177,572 eligible participants in our analysis with mean follow-up
time of 10.1 (SD=1.9) years. No evidence showed that low vitamin D was associated
with a higher incidence of HZ, compared with people with sufficient vitamin D
(deficient: adjusted hazard ratio [HR] = 0.99, 95% confidence interval [CI] = 0.90–
1.10; insufficiency: RR = 1.03, CI = 0.96–1.10.) We found no evidence that vitamin D
supplementations or receiving vitamin D prescription was associated with HZ
incidence (supplementation: HR = 0.88, CI = 0.67–1.16; prescription: HR = 1.11, CI =
0.91–1.34.)
Conclusion:
We observed no association of vitamin D status, supplementation or prescription
with incident HZ. No evidence supported vitamin D supplementation as a strategy to
prevent HZ.
Keywords:
Vitamin D, Herpes zoster, Electronic Health Records, primary health care, UK
Biobank
(Abstract word count: 249/250 words)

How this fits in:
Vitamin D is regarded as having some antimicrobial effects. We used large
nationwide cohort data to explore the association between vitamin D status and the
risk of herpes zoster. Our results showed that neither serum vitamin D status, vitamin
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D supplementation, nor vitamin D prescriptions in primary care was associated with
incident herpes zoster. Based on currently available evidence, vitamin D
supplements are not an effective intervention to prevent herpes zoster.

Introduction
Herpes zoster is a common disease among adults. In the UK, its annual incidence is
around 5 per 1,000 person-years, and its average lifetime risk is around 30% in
people without vaccination (1, 2). The typical symptoms are unilateral painful
vesicular rashes in a dermatomal distribution, lasting about seven to ten days.
Herpes zoster significantly decreases patients’ quality of life and substantially
increases medical and social costs (1). It may also be associated with a range of
neurological, ocular, cutaneous and visceral complications (3). The most important
risk factor for herpes zoster is ageing because immunity wanes over time (4).
Immunosuppression and some comorbidities such as chronic kidney disease (CKD),
and systematic lupus erythematosus (SLE) are also associated with increased
herpes zoster risk (5). Vaccines are effective for reducing the risk of herpes zoster
(6). However, in the UK, the vaccination programme is only available for people aged
70 years or greater (7). Studying other possible preventive measures for herpes
zoster is important, especially for people under the age of 70.
The musculoskeletal protection effects of vitamin D have been well-established
because it regulates calcium and phosphate homeostasis (8). In addition, the nonskeletal effects of vitamin D have been recently studied, such as immunomodulation.
In vitro studies have shown that vitamin D could stimulate the expression of
antimicrobial peptides, protecting against infections (9, 10). However, epidemiological
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studies have shown inconsistent associations between vitamin D and infections. A
systematic review and meta-analysis published in 2021, combining 37 clinical trials of
vitamin D supplementation, showed that taking vitamin D slightly decreased the risk
of respiratory infections (odds ratio = 0.92, 95% CI = 0.86–0.99) (11). Our previous
systematic review and meta-analysis found inconclusive evidence for any association
between vitamin D and herpesviruses in studies conducted primarily among
immunosuppressed individuals (12). One case-control study among people with CKD
showed that vitamin D supplementation may decrease the odds of herpes zoster
(13).
If vitamin D deficiency is associated with an increased risk of herpes zoster in the
general population, taking vitamin D supplements may become a cheap public health
measure for its prevention. Therefore, we aimed to explore the association between
serum vitamin D status or supplementation and the risk of herpes zoster using the
UK Biobank cohort.

Methods
Data source
Our data source was UK Biobank, a nationwide cohort recruited between 2006 and
2010, consisting of approximately half a million participants aged 40 to 69 years from
England, Wales and Scotland. At recruitment, participants visited 22 UK Biobank
assessment centres, in which they received physical examinations, completed
questionnaires and gave biological samples including blood, urine and saliva (14).
Participants also consented to have their clinical data linked, including diagnosis
codes for inpatient and outpatient visits, the dates of diagnosis, the dates of each
hospitalisation episode or consultation, and prescribing records from primary care
4

(15, 16). Nearly all participants have linked hospital inpatient records, and around
230,000 participants also have their primary care records linked (17).
Primary exposure: vitamin D status
The primary exposure of our study was serum vitamin D status recorded between
2006 and 2010. The detailed methods for measurement of serum vitamin D levels
are described in the Supplementary Box 1. Participants’ with serum 25hydroxyvitamin D levels less than 25 nmol/L were coded as deficient, between 25
and 50 nmol/L as insufficient, and greater than or equal to 50 nmol/L as sufficient
following Public Health England’s definition (18).
Secondary exposure: vitamin D supplementation
A secondary exposure, vitamin D supplementation, was recorded using a selfreported questionnaire during participants’ baseline visits between 2006 and 2010.
This included self-reported use of over-the-counter supplements, such as vitamin D,
multivitamins, fish oil and calcium. Another secondary exposure was general
practitioner (GP)-prescribed vitamin D supplementation, obtained from the GP
prescription data within two years before the baseline assessment. The detailed data
management of secondary exposures is summarised in the Supplementary Box 2.
Outcome
The outcome of our study was incident herpes zoster, defined through clinical
diagnosis recorded in the linked primary care and inpatient records. We developed
diagnosis code-lists for herpes zoster in Read 2, Clinical Terms Version 3 (CTV3),
and International Classification of Diseases version 10 (ICD-10) codes to identify
incident herpes zoster from the dataset (15, 16). Incident herpes zoster diagnoses
were defined as participants with a herpes zoster diagnosis occurring at least one
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day after the start of follow-up from the baseline assessment to 31 July 2019 (Figure
1).
Study eligibility
The study design is summarised in Figure 1. UK Biobank participants were eligible if
they had at least one vitamin D record, with both primary care and inpatient care
records. Participants with no vitamin D record, with no linked electronic health
records (EHR) or with previous herpes zoster or post-herpetic neuralgia within five
years before follow-up were excluded (Figure 1).
Measurement of covariates
Some demographic factors associated with vitamin D deficiency and insufficiency
were recorded at baseline assessment, including sex, age, ethnicity, body mass
index (BMI), smoking status, drinking frequency, Index of Multiple Deprivation (IMD),
regions of UK Biobank assessment centres and the seasons when vitamin D was
tested (19). We also identified comorbidities associated with an increased risk of
herpes zoster, such as CKD and SLE, from the linked EHR and self-reported health
conditions (5). Severe immunosuppressive conditions, including organ
transplantation, chemoradiotherapy, cell-mediated immunosuppression, HIV, blood
cancers, chemotherapy (biological and non-biological agents), bone marrow
transplantation and long-term oral steroid use were identified solely from the clinical
datasets. Long-term oral steroid use was defined as at least two steroid prescriptions
within 90 days. We defined these clinical covariates as ever had a diagnostic code
within five years before the follow-up. For blood cancer, bone marrow transplantation
and steroid use, the covariate assessment time windows were up to two years before
follow-up (Figure 1.)
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Statistical analysis
This was a historical cohort study. We followed participants from the date when they
visited the assessment centre. The end of follow-up was defined as the date that
herpes zoster was diagnosed, the date of death or loss to follow-up, or 31 July 2019,
whichever was first. The demographic characteristics of the included participants
were compared by their vitamin D status, and the included and excluded participants
were further compared. We assessed the association between the primary and
secondary exposures and incident herpes zoster using Weibull regression models,
adjusting for possible confounders selected by using a directed acyclic graph
approach, summarised in Supplementary Figure S1. Our models included sex, age,
BMI, ethnicity, smoking status, drinking frequency, IMD scores, regions of UK
Biobank assessment centres, vitamin D testing seasons, underlying comorbidities
and immunosuppression, which are described in the Supplementary Box 3. The
number of participants with missing data was less than 3% across demographic and
health-related factors, with the exception of self-reported vitamin D supplementation,
which had 54.5% missing data. Because the proportion of missingness in most
demographic factors was low, and the chance of being a complete case was not
dependent on our outcome, we performed a complete case analysis only including
people without missing data in our models (20). All statistical analysis and plotting
were performed using R Statistical Software (version 4.1.1, R Foundation for
Statistical Computing, Vienna, Austria).
Sensitivity analysis
We performed various sensitivity analyses, and the justification is summarised in
Table 1. We excluded records after September 2013, following the introduction of the
vaccination program, and we compared the effects of different covariate definitions.
7

To eliminate the potential effect of time-varying hazards, we also reran analyses
using the Cox proportional-hazards regression model. We also used Poisson
regression assuming baseline hazards is constant (Table 1).
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Results
Study population
The selection of the study population is summarised in Figure 2. After excluding
people without vitamin D records, without clinical records, or with previous herpes
zoster episodes, we included 177,572 participants in our analysis. Among these
included participants, 6,583 (3.7%) people died, 211 lost to follow-up (0.12%), and
6,616 (3.7%) participants had incident HZ diagnosis. Among people with outcomes,
more people had sufficient vitamin D levels (N=2,948, 45%), compared with people
with insufficient (N=2,806, 42%) or deficient (N=862, 13%) vitamin D. A comparison
of the included and excluded participants is summarised in Supplementary Table
S1. The distribution of demographic factors was similar between the included and
excluded participants, and more people from Yorkshire and the Humber, Scotland
and East Midlands area were included in our analysis. The proportion of missingness
across demographic factors was below 3%, and 54.5% of self-reported vitamin D
supplementations were missing (Supplementary Table S2).
The distribution of demographic factors by vitamin D status is summarised in
Supplementary Table S3. Across different vitamin D statuses, the distributions of
sex, age, comorbidities and immunosuppression were similar. More participants with
Asian or Black ethnic backgrounds were vitamin D deficient at baseline. Participants
in the vitamin D deficient group were more likely to be obese, smoked more and lived
in more deprived areas, and they drank less frequently and were less likely to receive
vitamin D prescriptions. More people with vitamin D deficiency were tested during
winter, and more vitamin D deficient participants were from Scotland than from other
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countries. The mean follow-up periods of people with different vitamin D statuses
were similar, with an average of 10 years (Supplementary Table S3).
Association between vitamin D and risk of herpes zoster
The associations between vitamin D status and the risk of incident herpes zoster are
summarised in Figure 3. Compared with people with sufficient vitamin D status,
some evidence existed that vitamin D deficiency was associated with a decreased
risk of incident herpes zoster in the crude Weibull regression model (hazard ratio
[HR] = 0.86, 95% confidence interval [CI] = 0.79–0.95). However, in models adjusted
for sex and age, as well as models fully adjusted for all covariates, no evidence
showed that vitamin D deficiency or insufficiency were associated with incident
herpes zoster (partially adjusted model: insufficiency HR = 1.01, CI = 0.95–1.08;
deficient HR = 0.96, CI = 0.87–1.05; fully adjusted model: insufficiency HR = 1.03, CI
= 0.90–1.10; deficient HR = 0.99, CI = 0.90–1.10; Figure 3).
Association between vitamin D supplementation and risk of incident herpes
zoster
Figure 4a shows the association between self-reported vitamin D supplementation
and the risk of incident herpes zoster. We found no evidence that self-reported
vitamin D supplement use was associated with incident herpes zoster in the
subgroup of participants for whom this information was recorded. Some evidence
existed that ever having received vitamin D prescriptions was associated with an
increased risk of herpes zoster in the crude (HR = 1.59, 95% CI= 1.33–1.91) and
partially adjusted models (HR = 1.27, 95% CI= 1.06–1.52). However, such
association disappeared after fully adjusting for potential confounders (HR = 1.11,
95% CI = 0.91–1.34) (Figure 4b).
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Sensitivity analyses
After excluding records after 1 September 2013, the main findings remained similar.
Neither vitamin D deficiency nor insufficiency (Supplementary Figure S2), nor
vitamin D supplementation (Supplementary Figure S3a), nor receiving vitamin D
prescription (Supplementary Figure S3b) provided evidence of an association with
herpes zoster. We compared different covariate definitions, and the results did not
differ from the initial model (Supplementary Figure S4). The stratified Cox
regression model showed no evidence of an association between vitamin D status
and incident herpes zoster, either before or after the vaccination program was
initiated (Supplementary Figure S5). The Cox proportional-hazards model showed
no evidence of an association between vitamin D supplementation and herpes zoster
(Supplementary Figure S6a), whereas weak evidence existed that vitamin D
prescription was associated with a higher risk of herpes zoster (adjusted HR = 1.17,
95%CI=1.00-1.37, Supplementary Figure S6b.) The Poisson regression model
showed no evidence of an association of vitamin D status, supplementation or
prescription with herpes zoster (Supplementary Figure S7 and Supplementary
Figure S8.)
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Discussion
Summary
We found no evidence of an association between vitamin D deficiency or
insufficiency and incident herpes zoster after adjusting for potential confounders.
Self-reported vitamin D supplementation or receiving vitamin D prescriptions showed
no evidence of an association with incident herpes zoster. The results were robust
across a range of sensitivity analyses such as excluding records during the shingles
vaccination period and adjusting for differing definitions of confounding factors.
Strengths and limitations
Our study has several strengths. First, compared to previous small studies conducted
with clinically high-risk individuals, our large study of a general population provides
greater statistical power and generalisability. Second, the vitamin D levels were
measured systematically, and the proportion of missingness of covariates was
relatively low. Third, the linkage between UK Biobank and the primary and secondary
care records enabled us to follow up with participants for a long time and identify
incident cases.
Nevertheless, some limitations of our study also need to be stressed. First, the
exposure and some covariates are probably time-dependent, but we used the
measures taken at baseline. In our previous analysis, the proportion of vitamin D
deficiency was lowest in summer, and it was more prevalent in winter and spring
(19). In another study measuring vitamin D repeatedly, the intraclass correlation
coefficient between two vitamin D measurements after five years was only 0.59,
which was moderately reliable (21). In our analysis, we used Weibull regression
which assumes hazards increase during follow-up, and we adjusted for vitamin D
12

testing seasons in our model to minimise the effect of seasonal variation. In
sensitivity analysis, we used the Cox model regression to adjust for potentially timevarying hazards, and the results remained similar. Second, despite the completeness
of most covariates, for self-reported vitamin D supplementation, more than half of the
data were missing. Therefore, this variable may not reflect the real vitamin D
supplementation use, and its association with the outcome needs to be interpreted
carefully.
Third, the outcomes might be under-ascertained. We defined herpes zoster using
EHR, but people with more comorbidities may visit their primary care physicians
more frequently. Thus, herpes zoster among these people is more likely to be
diagnosed, while mild shingles among a younger or healthier population might not be
noticed (22). In our study population, although the proportions of people with
diabetes and chronic obstructive pulmonary disease were slightly higher in the
vitamin D deficiency group, the overall distributions of comorbidities and
immunosuppression were similar across different vitamin D statuses. Any
ascertainment bias in our study should be non-differential.
Fourth, misclassification of HZ outcomes cannot be ruled out. Studies using EHR
assume that individuals have a disease if they have the corresponding diagnostic
codes. Conversely, people without specific diagnostic codes are assumed not to
have a disease. It is possible that some participants with HZ did not visit their GP or
did not have a confirmed diagnosis, so their disease statuses may remain
unrecorded. Regarding possible ascertainment bias, a study in the US reported that
using the ICD-10 code for HZ (code 053) could identify 98% of herpes zoster cases
(sensitivity = 98%), and the positive predictive value was also very high (PPV = 93%)
(23). Furthermore, the financial barrier to access to healthcare in the UK is generally
13

lower than in the US, which may increase the sensitivity of HZ diagnoses in the EHR
databases.
Lastly, residual confounding effects cannot be ruled out. Using diagnostic codes from
the linked records may underestimate the true prevalence of some diseases, such as
CKD. In studies using EHR, serum creatinine levels are more often used to diagnose
CKD (24). However, laboratory test results are not available in the linked EHR of UK
Biobank. To enhance the sensitivity of detecting comorbidities, we included selfreported non-cancer health conditions in our analysis, but the overall prevalence of
CKD was still much lower than the national prevalence during the same period (25).
Comparison with existing literature
Ours is the first published study assessing the association between vitamin D status
and incident herpes zoster in the general population. Previous studies on this topic
have been conducted among people with immunosuppression. For instance, a small
case-control study among CKD patients showed that patients taking vitamin D
supplements had lower odds of having herpes zoster (13). Compared to previous
studies, our study population was largely immunocompetent.
We found no evidence of an association between self-reported or prescribed vitamin
D supplements and incident herpes zoster, although the great proportion of missing
data in self-reported vitamin D supplements may have biased the results. A positive
trend of association between GP-prescribed vitamin D supplementation and herpes
zoster was noted in the crude, partially adjusted model and in the sensitivity analysis.
This association may be due to confounding by indication, as well as the
underestimation of unreported food fortification. People receive vitamin D
prescriptions to prevent or treat vitamin D deficiency, but we did not consider the
indication for the prescription. Vitamin D food fortification is another main source of
14

vitamin D supplementation in the UK primary care setting (26). However, due to the
limitation of data availability, this was not included in our analysis.
Implications for research and/or practice
Our cohort study showed no evidence to support an association between vitamin D
status or supplementation and incident herpes zoster. Based on currently available
evidence, vitamin D testing, supplementation or fortification cannot be recommended
to prevent herpes zoster.
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Figure 1. Study design diagram

Figure 2. The diagram of selecting eligible participants

Figure 3. The association between vitamin D status and the risk of herpes zoster.
Crude: simple Weibull regression model without adjustment; Partially adjusted:
Weibull regression model adjusted for sex and age; Fully adjusted: multivariable
Weibull regression model adjusted for covariates, including sex, age, ethnicity, body
mass index (BMI), smoking status, drinking frequency, Index of multiple deprivation
(IMD), regions, seasons, comorbidities, and immunosuppressive conditions.

Figure 4 a. The association between self-reported vitamin D supplementation and
the risk of herpes zoster; b. the association between receiving vitamin D
prescriptions and the risk of herpes zoster. Model explanation: Crude: simple Weibull
regression model without adjustment; Partially adjusted: Weibull regression model
adjusted for sex and age; Fully adjusted: multivariable Weibull regression model
adjusted for all covariates including sex, age, ethnicity, BMI, smoking status, drinking
frequency, IMD, regions, seasons, comorbidities, and immunosuppressive
conditions.
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Table 1. Sensitivity Analysis
Sensitivity analysis

Justification

Outcome
figures

Model Stop follow-up by 31 August
1
2013

In the UK, a universal herpes zoster vaccination
program has initiated since September 2013 (1).
Therefore, sensitivity model 1 used Weibull regression
excluding records after September 2013 to minimize
the interference of vaccination.

Figure S2

Model Comorbidities were only
2
identified from clinical
records

Self-reported non-cancer health conditions may not be
accurate for identifying comorbidities. In sensitivity
model 2 of Weibull regression, we defined
comorbidities by using linked clinical records.

Figure S4

Model In the immunosuppressive
3
conditions, steroid use was
defined as high dose steroid
use

In sensitivity model 3, we defined immunosuppressive
people with long term steroid use as those taking
steroids greater or equal to 20 mg per day in the
Weibull regression model.

Figure S4

Model Comorbidities: exclude self4
reported health conditions

Sensitivity model 4 used the covariates definition from
both model 2 and model 3, to assess the effects of
different covariates definitions in the Weibull
regression model.

Figure S4

Model Use Cox-regression to
5
analyze the association
between exposure and
outcomes

Because some covariates are time-dependent, in
sensitivity model 5 we used the cox regression model
with the time scale of age. If the model violated the
proportional hazard assumption, we would stratify the
follow-up time on 1 September 2013, which was the
date that the vaccination program initiated.

Figure S5

Model Use Poisson regression to
6
analyze the association
between exposure and
outcomes

We assumed the hazard of herpes zoster remains
constant over follow-up, so in sensitivity model 6 we
used the Poisson regression model to examine our
hypothesis.

Figure S7

Immunosuppressive
conditions: in steroid use,
only include high dose users

1

Figure S3

Figure S6

Figure S8
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