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Abstract 

Background: The prevalence of drug-induced photosensitivity (DIP), and the 

clinical and photobiological profile of affected patients, is poorly understood. There is 

limited information on the extent or prevalence of DIP in the UK. Determining which 

drugs may induce DIP and whether certain patients are more susceptible, would be a 

significant step in patient management.  

Aims: To determine the prevalence of DIP both within photosensitive patients 

diagnosed in the Photobiology Unit (Salford Royal NHS Foundation Trust) between 2000 

and 2016 and the wider community at outpatients’ clinics (Salford Royal NHS Foundation 

Trust). Further, to characterise the clinical and photobiological features of DIP patients and 

identifying the key culprit drugs. 

Methods: Study one: a retrospective review of patients who received a diagnosis of 

DIP in the Photobiology Unit. Clinical history, phototest results and impact on the quality 

of life (QoL) associated with DIP were collated. Study two: A questionnaire-based study at 

Salford Royal outpatients’ clinics was undertaken. Information on medicine usage and the 

effects of sun exposure was collected. Respondents taking potential photosensitising 

medication and describing a temporally associated atypical sun exposure-response were 

identified as cases of probable DIP. 

Results: The prevalence of DIP for all patients attending the photobiology unit was 

5.4% (122 of 2,243). Key culprit drugs were quinine (11.5%), diuretics (10.7%), 

antifungals (9.8%), and proton pump inhibitors (9.8%). Quality of life (QoL) index over 

the past week (and year) was classified as moderately impaired in 24% (41% year), very 

largely impaired in 22% (31% year) and extremely largely impaired in 3.7% (17.2% year). 

Of the 986 individuals approached in study two, 531 (53.8%) agreed to participate of 

whom 89.4% (475) were taking 1416 medications, 50.4% being potential photosensitisers. 

Sun responses were reported by 112 participants, of which a temporal association with the 

commencement of a potentially photosensitising drug(s) could be identified in ten 

individuals (2.1%). These ten cases of probable DIP were taking 15 different potential 

photosensitisers including: statins (6), proton pump inhibitor, omeprazole (5), anti-

hypertensives (4) and anti-depressants (4); however, when normalised to the number of 

participants taking the drug, azathioprine (66.7%), quinine (33.3%) indapamide (25%) and 

diltiazem (20%) were the drugs most commonly associated with probable DIP. Due to the 

low numbers of probable DIP identified, further characterisation of participants at risk of 

DIP was not possible. 

Conclusion: The prevalence of DIP and its impact on patients’ QoL highlighted the 

importance of this adverse drug reaction and the need to establish effective strategies for 

diagnosing and providing appropriate management. Key photosensitisers were identified, 

including the developing issue of DIP reactions to PPI’s. Phototesting, particularly 

broadband UVA provocation testing, was recognised as an essential diagnostic tool. The 

questionnaire has the potential to quickly screen for potential cases of DIP, having 

identified ten probable cases. However, standard phototesting would be required to make a 

confirmed diagnosis and validate the questionnaire findings. 
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  Introduction and literature review 

 What is photobiology? 

Photobiology is the term used to describe the influence of non-ionising radiation 

(ultraviolet radiation [UVR], visible light, and infrared radiation) on living organisms, 

whilst cutaneous photobiology is the study of non-ionising radiation and its interaction 

with the skin (Diffey and Kochevar, 2007, Hawk et al., 2010, Epstein, 1971). 

 Electromagnetic spectrum  

      The term ‘electromagnetic spectrum’ was first coined by J.C. Maxwell in a series of 

publications describing the electric and magnetic properties of the electron magnetic 

spectrum (Maxwell, 1861). The electromagnetic spectrum is a term assigned to the 

transformation of energy into waves and particles. It consists of different wavelengths, 

including UVR, microwaves, radio waves, X-rays, and gamma rays (Figure 1 1). The 

region of interest in photobiology covers the UVR, visible, and infrared regions, 

collectively known as optical radiation (de l’Eclairage, 1970, Diffey and Kochevar, 2007).  
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Figure 1-1 The electromagnetic spectrum consists of different wavelengths, including 

UVR, microwaves, radio waves, X-rays, and gamma rays. 

Adapted from (Matos and Sheth, 2016) 
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 Ultraviolet radiation regions  

Optical radiation is divided into the following: 50% visible light (which can be 

recognised by the human eye), 40% infrared, and 10% UVR. Notably, UVR is the most 

biologically active component of optical radiation, having the most profound effect in 

terms of diseases and overall health (Harber et al., 1989). Ultraviolet wavelengths range 

from 100–400 nm and are subdivided into UVC (200–280 nm), UVB (280–315 nm) and 

UVA (315–400 nm). The latter is comprised of UVA2 (315–340 nm) and UVA1 (340–400 

nm; (de l’Eclairage, 1970). The majority of UVR reaching the earth's surface is UVA 

(96.65%); UVB makes up approximately 3.35%, while UVC is blocked by the Earth’s 

atmosphere, principally the ozone layer (Diffey, 2002). Although artificial sources of UVR 

exist in many fields (e.g., arc welding, household compact fluorescent light bulbs, 

manicure lamps, and sunbeds), the principal source of UVR is the sun (Magnus, 1976, 

Diffey and Challoner, 1978, Harber et al., 1974, Coleman et al., 2010). Several factors 

influence the amount of UVA and UVB present on any given day; these factors include the 

season, longitude, latitude, time of day, weather, and altitude. UVA is consistently present 

from sunrise to sunset, whilst UVB peaks at noon. UVB has been shown to increase with 

altitude to a greater extent than UVA (Cutchis, 1980, Frederick et al., 1989).  

In terms of exposure to solar radiation, there have been relatively few studies 

published on the impacts of outdoor exposure on photodermatoses with work tending to 

focus on eliciting responses with artificial sources to confirm the diagnosis. 

Comprehensive personalised studies into the amount of light a photosensitive patient is 

exposed to in their day-to-day life and how that will impact whether they develop their 

symptoms or not are lacking. Although there have been many studies regarding artificial 

ultraviolet light sources, their spectral emissions and their potential to impact human 

health, technological advances mean there is always the need for new research. The impact 

of UV sources on skin health has tended to focus on non-photosensitive patients therefore 

there are fewer publications examining the role of artificial UV sources on photosensitivity 

with the thresholds for developing reactions in real world situations poorly defined. One 

recent example is the phasing out of incandescent lamps and their replacement with 

compact fluorescent lamps. Due to a lack of testing in photosensitive conditions before 

widespread introduction, many photosensitive patients were potentially adversely affected 

(Fenton et al., 2014).  
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 Action spectrum  

The action spectrum measures the dose of radiation required to evoke a specific 

response at varying wavelengths, and it is considered a fundamental step in examining both 

normal and abnormal skin responses to different wavelengths of UVR and visible light. In 

1922, Hausser and Vahle published their study on the action spectrum (Roelandts, 2007). 

Identifying an individual’s action spectrum concerning photosensitivity is invaluable in the 

diagnosis and management of conditions, particularly in the case of DIP; (Young, 1997, 

Diffey and Farr, 1988). 
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 Photochemical reactions 

Photochemical reactions are processes, which convert chromophores into 

photoproduct molecules. Chromophores are any molecular element (amino acid, lipid, 

DNA) with the ability to absorb energy from UVR of various wavelengths (Douki et al., 

2003, Sutherland and Griffin, 1981, Ziegler et al., 1994). Each chromophore has a 

distinctive absorption spectrum characterised by absorption peaks at specific wavelengths 

(Diffey and Kochevar, 2007). When a chromophore is exposed to UVR or visible light, it 

is converted from ground state to a singlet or triplet excited electron state (figure 1-2). 

Decay from the singlet state to the ground state releases energy in the form of heat or 

fluorescence; from the triplet state, decay energy may be transferred via a type I or type II 

reactions, yielding radicals such as hydroxyl radicals or peroxides. Superoxide formation 

may also take place. Type II reactions may occur when energy from the decay of the triplet 

to the ground state is transferred to molecular oxygen, yielding singlet excited state oxygen 

(Diffey and Kochevar, 2007, Cadet et al., 2014, Douki et al., 2003). 
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   Figure 1-2 Photochemical reactions 

The ground state molecule absorbs the energy of a photon to form an excited singlet state 

(red arrow). The excited singlet state then releases this energy as either light (fluorescence 

[blue], as heat (internal conversion [purple] and either undergoes a chemical reaction or 

converts into a triplet excited state. The triplet excited state releases energy as light 

(phosphorescence [orange]), heat (internal conversion [purple]), or undergoes a chemical 

reaction (including energy transfer). Adapted from (Lim et al., 2007a). 
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 Effects of sunlight exposure on skin 

Skin is the largest organ in the human body, and it has several functions: it plays a 

vital role in the body’s protection against external physical, chemical, and biological 

effects; it protects the body from excessive water loss, and it plays a role in 

thermoregulation. It has been estimated that in a 70 kg person, the skin would weigh more 

than 5 kg and would have a surface area of 2 m2. Human skin comprises three main layers: 

the epidermis, dermis, and a layer of subcutaneous fat. A layer of muscle is located beneath 

the subcutaneous layer, separating it from the body (McGrath et al., 2010). Skin structure 

layers comprise of epidermis, dermis and subcutaneous layers. 

 Epidermis 

The epidermis is the protective outer layer of the skin and contains mainly 

keratinocytes, Langerhans cells, Merkel cells, and melanocytes. The epidermis consists of 

four main layers: 

The stratum basale is usually one cell in thickness, but it can be two or three cells 

thick in the hyperproliferative epidermis and glabrous skin. It is responsible for the 

continuous replenishment of the more superficial epidermal layers. This layer is mainly 

comprised of dividing or non-dividing keratinocyte cells, and melanocytes which represent 

approximately 5–10% of the total cell population (Chu, 2008, Elder, 2014).  

The stratum spinosum is made of polyhedral cells and is formed when cells start the 

differentiation process and move toward the surface of the tissue from the basal layer. 

These cells are connected by desmosomes and appear as prickles when viewed under a 

transmission electron microscope. Langerhans antigen-presenting immune cells also reside 

in this layer (Chu, 2008, Elder, 2014).  

The stratum granulosum contains cells in stages of differentiation and contains 

Odland bodies, which are small lamellated cytoplasmic granules. The lipid components 

discharged by cells in the spaces between the cells play a vital role as barriers and provide 

cohesion between the cells in the outermost stratum corneum (Chu, 2008, Elder, 2014). 

The stratum corneum is the top layer of the epidermis and is formed of terminally 

differentiated flat corneocytes cells, devoid of organelles and nuclei. The process of 

keratinocytes division and differentiation takes approximately 28 days; however, this 

duration can change as a result of different disease processes (Chu, 2008, Elder, 2014).  
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  Dermis 

The epidermis is connected to the dermis via a basement membrane; the dermal-

epidermal junction, an intricate network of glycoproteins and proteins extending from 

within basal keratinocytes into the upper surface of the dermis. The dermis forms an 

internal junction with subcutaneous fat and an external junction with the epidermis, and its 

main function is to protect the body from mechanical injury. Its thickness varies greatly, 

from over 5mm on the back to less than 1mm on the eyelid. The dermis comprises various 

extracellular matrix molecules, such as collagen (providing tissue strength), elastin (made 

into fibres which provide elasticity), and glycosaminoglycans (ground substance) 

necessary for tissue hydration. The predominant cell type in the dermis is the fibroblast, 

responsible for collagen and elastin fibre synthesis (Chu, 2008, Elder, 2014, James et al., 

2011).  

 Subcutaneous fat 

A large percentage of the human body is made up of fat, approximately 80% of 

which is in the subcutis. The remaining 20% of fat in the body surrounds internal organs. 

Fat insulates, offers mechanical cushioning, and acts as a store of energy. Furthermore, it 

may also perform an endocrine function, for example, when it communicates with the 

hypothalamus through leptin or other secreted molecules to regulate appetite or energy 

change (James et al., 2011).  
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 The skin and ultraviolet radiation  

   Upon hitting the skin, the light may be absorbed, reflected, or scattered. Reflection 

occurs at the epidermal surface, whilst scattering is principally seen in the dermis. The 

shorter wavelength UVB is absorbed by the epidermis and in the top layer of the dermis, 

whilst the longer wavelength UVA penetrates the dermis (Lui and Anderson, 2007), as 

shown in Figure 1 3. The skin contains many chromophores that can interact with UVR or 

visible light; these include amino acids, DNA, melanin, haemoglobin, lipids, porphyrins, 

and nucleotides. Exogenous compounds may also act as chromophores in the skin, for 

example, photosensitising drugs and tattoo pigments (Diffey and Kochevar, 2007). Each 

chromophore absorbs a specific range of wavelengths, leading to photochemical reactions 

and immune system activation. Examples of chromophores and their absorption spectrums 

are presented in Table 1-1.  
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 Figure 1-3 Light penetration in the skin. 

The epidermis absorbs most of UVB while UVA penetrates deeper to reach the dermis. 

Adapted from (Matos and Sheth, 2016). 
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Table 1-1 Examples of endogenous skin chromophores, each chromophore has a specific 

absorption spectrum leading to photochemical reactions and immune system activation 

Chromophore 

 

Absorption spectrum References 

β-carotene Absorption maxima at 465 

and 490 nm in the visible 

spectrum. Also absorbs in the 

UVR range 

(Mahmoud et al., 2008) 

Protoporphyrin IX Maximum absorption at 405 

nm 

(Mahmoud et al., 2008) 

Pure DNA The absorption peak at about 

260 nm (UVC) with UVB 

(300 nm) and UVA (350 nm) 

(Sutherland and Griffin, 

1981) 

Melanin UVB, UVA and visible 

wavebands 

(Kollias, 1995) 
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 Light penetration and drug-induced photosensitivity   

Acute adverse effects of UVR, such as a phototoxic reaction, will be visible in 

exposed areas where light can reach the skin. Sites that are naturally shaded, such as skin 

folds, behind the ears, and under the chin, are less likely to be affected as the light will not 

reach these sites. Different wavelengths of light penetrate to different depths in the skin as 

follows: UVA penetrates to the dermis and subcutaneous tissue, UVB penetrates to the 

epidermis, UVC penetrates to the stratum corneum, and visible light penetrates to the 

reticular dermis-subcutis layer (Tonnesen, 2004).  

Chemical interactions between electromagnetic radiation (UVR or visible light) and 

photoactive drugs result in type I or type II reactions. These reactions generate reactive 

species (i.e., free radicals, superoxide, and singlet oxygen), which cause photodamage 

(Aloisi et al., 2007; Schuch et al., 2017). Chemical structures that are more likely to 

interact with light include aromatic ring-shaped planar molecules or conjugated double 

bonds containing nitrogen, sulphur, or oxygen (Tamat and Moore, 1983). Little is known 

regarding the impact of DIP on various skin layers, and further research is needed to 

explore this. 
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 Sun-reactivity and skin phototypes 

Fitzpatrick developed a classification for skin phenotypes in 1975, and this 

classification is widely used in the dermatology field. This classification is based on skin 

pigmentation and skin response to UVR exposure, for example, burning and tanning. This 

tool is considered crucial in the diagnosis and management of many photodermatoses. 

Table 1-2  and their response to different UVR wavelengths (Fitzpatrick, 1988).  

The Fitzpatrick skin phototype classification system is a rapid, easy, widely used 

technique however it does have limitations. Fitzpatrick skin typing results are subjective 

and different results have been noted when the subject is asked to self-assess versus when 

the assessment is carried out by interview (Eilers et al., 2013, Liu et al., 2006). Similarly, 

the precise wording of the questions can significantly alter outcomes (Trakatelli et al., 

2017). It has also been noted that it is not always clear whether subjects are considering 

single or multiple sun exposures in their responses (Ravnbak, 2010). In order to overcome 

the subjective nature of this skin typing system, techniques to objectively measure and 

classify skin type have been developed including, for example, minimal erythemal dose, 

minimal melanogenic dose (Wulf et al., 2010). It has been further suggested that the 

Fitzpatrick skin phototyping system is suboptimal in quantitating skin cancer risk and 

predicting post-inflammatory hyperpigmentation following cosmetic procedures hence 

further skin typing systems have been developed to address the skin typing requirements of 

particular fields (Gupta and Sharma, 2019). Assessment of the skin type can be carried 

using Different classification systems as shown in Table 1-3. 
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Table 1-2 Fitzpatrick clinical classification system for skin phototypes and their typical 

minimal erythema dose range 

Phototype Sunburn & 

Tanning 

UVA MED 

(mJ/cm2) 

 

UVB MED 

(mJ/cm2) 

I Easily burns 

Never tan 

20–35 15–30 

II Easily burns 

Minimally tans with 

difficulty 

30–40 25–40 

III Moderately burns 

Moderately & 

uniformly tans 

40–55 30–50 

IV Minimally burns 

Easily & moderately 

tans 

50–80 40–60 

V Rarely burns 

Profusely tans 

70–100 60–90 

VI Never burns 

Profusely tans 

100 90–150 

Adapted with alterations from (Alam, 2004) 

  



36 

 

Table 1-3 Different classification systems that have been used for skin type assessment 

Classification 

System 

Method of 

Classification 

Measurement and Utilization in Practice 

Baumann skin type 

(Baumann, 2008) 

Self-reported a 
Classify skin type according to four different 

components: dry or oily, sensitive or 

resistant, pigmented or non-pigmented, and 

prone or tight. 

Fanous classification 

(Fanous, 2002) 

Self-reported b Based on race and genetic origin of the 

patient (six categories: Nordics, Europeans, 

Mediterraneans, Indo-Pakistanis, Africans, 

and Asians); used for laser resurfacing, 

chemical peels, and dermabrasion. 

Fitzpatrick skin type 

(Fitzpatrick, 1988, 

Sachdeva, 2009) 

Visual, 

self-reported a 

A six-point subjective classification system 

developed to assess the propensity of the 

skin to burn during phototherapy. 

Glogau wrinkle scale 

(Glogau, 1994) 

Visual Photographs used to assess photoaging 

(rhytides and discolouration) in white 

individuals. 

Goldman World 

Classification of Skin 

Types 

(Goldman, 2008) 

Visual, 

self-reported b 

Skin colour, response to burning or tanning, 

and post-inflammatory hyperpigmentation, 

based on race/ethnicity. 

Kawada Skin 

Classification 

System for Japanese 

Individuals 

(Kawada, 1986) 

Self-reported Used to describe Japanese skin types and 

their sensitivity to UV light, sunburn, and 

tanning. 

Lancer Ethnicity Scale 

(Lancer, 1998) 

Self-reported b Accounts for five different skin types based 

on geography and heredity; can be used in 

conjunction with Fitzpatrick skin type to 

assess for risk factors before treatments such 

as cosmetic laser surgery or chemical peels. 

Modified Fitzpatrick skin 

type 

(Sharma et al., 2018) 

Self-reported a Modified to assess phototype, skin colour, 

and the ability to burn or tan in Indian 

individuals. 

Roberts Skin Type 

Classification System 

(Roberts, 2008) 

 

Visual, 

self-reported b 

Four elements (phototype, 

hyperpigmentation, photoaging, and 

scarring) are evaluated to identify a patient’s 

skin type and provide data to predict the 

skin’s likely response to insult, injury, and 

inflammation. 
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Classification 

System 

Method of 

Classification 

Measurement and Utilization in Practice 

Taylor Hyperpigmentation 

Scale 

(Taylor et al., 2005) 

Visual 15 uniquely coloured plastic cards spanning 

the full range of skin hues; each card 

contains ten bands of increasingly 

darker gradations that represent progressive 

levels of hyperpigmentation. 

Von Luschan chromatic 

scale 

(Treesirichod et al., 2014) 

Visual 36 opaque glass tiles compared to the 

patient’s skin to establish race classifications 

by skin colour. 

Willis and Earles scale 

(Willis and Earles, 2005) 

Self-reported b 

 

 

Used in people of African descent to classify 

skin colour, UV light reaction, and 

associated pigmentary disorders. 

Adapted with alteration from (Ware et al., 2020). 

a Questionnaire, may or may not be modified. 

b Detailed family history (ancestry).  
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 Minimal erythema and dose standard erythema dose  

The minimal erythema dose (MED) is defined as the lowest dose of UVR required to 

produce just perceptible erythema within 24 hours of irradiation with a given UV spectrum 

(Standard, 1998, Ouinn et al., 1994). The standard erythema dose (SED) is a unit of 

measurement defined as the dose of erythemal effective radiation of a defined standard set 

of wavelengths measured over an area of 1m2 with 1SED = 100 J/m2. One way to express 

an MED would be to use the units of SED however the spectrum of the light source used 

would have to match the standard spectrum of the SED unit. The SED unit of measurement 

is used to standardise and allow comparison of exposures between different UVR sources, 

including natural sunlight. (Diffey et al., 1997). 

 Sunburn response 

Acute exposure of human skin to UVR results in the sunburn response. Sunburn 

encompasses several different characteristics, including erythema, heat, pain, and swelling 

(Fitzpatrick, 1988, Harrison and Young, 2002). Erythema is the most common feature, 

becoming visible within 3–6 hours of exposure and peaking 18–24 hours after irradiation. 

The response can last as long as 72 hours (Diffey and Oakley, 1987, Farr et al., 1988). 

Furthermore, UVB-induced erythema is dose-dependent, whilst UVA-induced immediate 

erythema tends to resolve gradually over two to three days (Rhodes et al., 2001; Rhodes et 

al., 2009). UVB radiation exposure is typically associated with the sunburn response; UVA 

can induce similar skin erythema, however for this process to occur an approximately 

1000-fold higher dose than UVB is required. Sunburn is associated with skin phototypes – 

Type I and Type II demonstrate the greatest vulnerability (Parrish et al., 1982, McKinlay, 

1987).  

The sunburn response is characterised histologically by a mixed dermal neutrophilic, 

and lymphocytic infiltrate (Hawk et al., 1988). TNF-α and IL-8 are upregulated in the 

epidermis of normal human skin after UVB exposure (Strickland et al., 1997). 

Keratinocytes may be an essential cell in the initiation of the UVB-induced inflammatory 

response, producing a significant range of cytokines and chemokines (Barker et al., 1991). 

The chromophore associated with the acute erythema response for sunburn is currently 

unknown. However, it has been suggested that it could be DNA (Young, 1997).  
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Ultraviolet radiation is detrimental to many tissue components, including nucleic 

acids, proteins, and phospholipids, as it may cause a number of different proinflammatory 

molecular responses.  

The output of a number of different proinflammatory cytokines, such as tumour 

necrosis factor (TNF-α) and interleukin (IL)-1, IL-6, IL-8, and IL-12, may be produced by 

cells following UVR exposure. These molecules may play key roles in the different stages 

of UVR-induced inflammation, including transcription factor activation (especially IL-1, 

TNF-α), endothelial adhesion molecules induction, and leukocytes chemotaxis from the 

vasculature into the dermis (especially that demonstrated by IL-8, TNF-α) ((Kupper et al., 

1987, Strickland et al., 1997, Oxholm et al., 1988).  

 Acute effects of ultraviolet radiation on the skin 

Acute effects of UVR on the skin may cause several different reactions, some of 

which are detrimental to the skin’s health in the short term or following long-term 

cumulative exposure. Other effects may provide benefits. The most commonly recognised 

short-term effects from UVR exposure include immediate pigment darkening, sunburn, 

tanning, vitamin D synthesis, the presentation of photosensitivity disorders, and 

immunosuppression (Krutmann, 2000, D'Orazio et al., 2013). UVB creates significant 

dermal effects, for example, inducing the release of mediators by epidermal cells, mainly 

the keratinocytes. It also has clear direct impacts on upper dermal cells and structures, such 

as fibroblasts and endothelial cells. Both UVA and UVB have indirect effects through the 

creation of reactive oxygen species (ROS), generated upon the absorption of UVR by 

endogenous photosensitisers (Young et al., 1991, Barker et al., 1991, Rhodes et al., 1996).  
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 Pigment darkening & tanning 

Skin pigmentation is a direct result of UVR exposure and can be seen in three 

different stages, namely immediate pigment darkening (IPD), persistent pigment darkening 

(PPD), and delayed tanning (D'Orazio et al., 2013). 

 

Immediate pigment darkening  

Immediate pigment darkening occurs as a direct result of low doses of UVA 

exposure (1–5 J/cm2). However, these effects usually fade within 10–20 minutes. From a 

clinical standpoint, IPD is recognised by a grey-brown colour to the skin and may occur as 

a result of the oxidation and redistribution of pre-existing melanin without new melanin 

synthesis (Hönigsmann, 2002, Beitner, 1988).  

 

Persistent pigment darkening  

Persistent pigment darkening results from skin exposure to high doses of UVA 

(>10J/cm2). This effect may be ongoing for 2–24 hours. Clinically, PPD skin appears as a 

brown colour and occurs as a result of further melanin oxidation and redistribution 

(Hönigsmann, 2002). 

 

Delayed tanning of the skin 

Tanning is a delayed response to UVR exposure, arising from increased numbers of 

melanocytes, upregulation of melanin synthesis, and enhancement of the tyrosinase 

enzyme (Stierner et al., 1989, Fitzpatrick et al., 1983). Delayed tanning is more apparent 

approximately 72 hours following exposure to UVR (Rhodes and Lim, 2007). Tanning can 

be induced by both UVA and UVB, although the latter is regarded as more efficient. Since 

UVB is more erythemogenic compared with UVA, the tanning induced by UVB may be 

preceded by erythema and may lead to an increase in the thickness of the epidermis. On the 

other hand, UVA may create tanning without any recognisable erythema. Sun-reactive skin 

types III and IV are recognised as demonstrating a greater ability to tan, whilst sun-reactive 

skin types I and II are less able to do so (Young et al., 1991). 
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 Immunosuppression 

Ultraviolet radiation can induce an immunosuppressive state in the skin, as 

evidenced by the downregulation of the delayed-type hypersensitivity (DTH) response 

(Duthie et al., 1999). Previously, immunosuppression was believed to be UVB-mediated, 

but recently UVA-mediated immunosuppression has been of increasing interest. This is 

clinically relevant when recognising the more significant proportion of UVA compared to 

UVB in sunlight (Schwarz and Halliday, 2007). Ultraviolet radiation-induced 

immunosuppression is a complicated phenomenon mediated by lymphocyte infiltration, 

keratinocytes, and endothelial cells (Rhodes and Lim, 2007). Following skin exposure to 

UVR, epidermal Langerhans cells (the key epidermal antigen-presenting cells) undergo 

modulation in their function and number, migrating from the epidermis to local draining 

lymph nodes. This reduces antigen presentation by Langerhans cells, leading to a reduction 

in immune responses. Moreover, UVR induces an abundance of CD11+ macrophages, 

which are immunosuppressive (Kang, Hammerberg et al., 1994).  

UVR has a remarkable effect on skin lymphocytes, significantly reducing the number 

of T-helper cell type1 (Th1) cytokines. Interleukin-12 and gamma interferon (IFN-γ), 

which are known to mediate the contact hypersensitivity (CHS) and DTH immune 

responses, increase along with a rise in several immunosuppressive T-helper cell type 2 

(Th2) cytokines, including IL-4 and IL-10. Hence, the responses of T-lymphocytes are 

reduced through IL-10 because antigen presentation is inhibited through antigen-presenting 

cells. Notably, IL-10 can be secreted by many cells, including T and B cells lymphocytes, 

monocytes, macrophages, and keratinocytes (de Vries, 1995; Grewe, Gyufko et al., 1995). 

Several mediators besides Th2 cytokines are seen to mediate immunosuppression, such as 

TNF-α, which plays a vital role in response to sunburn and enhances the migration of 

Langerhans cells from the skin Prostaglandin E2 (PGE2) is a significant sunburn erythema 

mediator and a mediator of immunosuppression. (Cumberbatch and Kimber, 1992).  
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 Photosensitivity disorders 

Photosensitivity disorders (photodermatoses) are a group of skin conditions, which 

are induced or exacerbated by different wavelengths of light and classified into four 

groups: immunologically-mediated photodermatoses, the most common condition in this 

group; drug and chemical-induced photosensitivity; photoaggravated dermatoses; and 

DNA repair disorders. Photosensitivity disorders are illustrated in Table 1-4 (Lim et al., 

2007a, Millard and Hawk, 2002). 

Table 1-4 Photosensitivity disorders (photodermatoses) are classified into four groups: 

immunologically-mediated photodermatoses, drug and chemical-induced photosensitivity, 

photoaggravated dermatoses and DNA repair disorders 

Immunologically 

mediated 

(idiopathic) 

photodermatoses 

Drug- and 

chemical-

induced 

photosensitivity 

Defective DNA repair 

disorders 

Photo-aggravated 

dermatoses 

• Polymorphic 

light eruption 

(PLE)* 

 
• Actinic prurigo 

(AP) 

 
• Hydroa 

vacciniforme 

(HV) 

 
• Solar urticaria 

(SU) 

 
• Chronic actinic 

dermatitis (CAD) 

• Endogenous: 

Cutaneous 

Porphyrias 

 

 
• Exogenous: 

Phototoxicity 

& 

Photoallergy 

• Xeroderma 

pigmentosum 

 
• Cockayne syndrome 

 
• UVR sensitive 

syndrome 

 
• Trichothiodystrophy 

 
• Bloom syndrome 

 
• Kindler syndrome 

 
• Rothmund-Thomson 

syndrome. 

Diseases usually 

exacerbated by 

UVR: 
• Lupus 

erythematosus 
• Dermatomyositis 
• Darier disease 
• Pellagra 
• Rosacea 
• Smith-Lemli-

Opitz syndrome 

Diseases sometimes 

exacerbated by 

UVR: 
• Atopic eczema 
• Psoriasis 
• Seborrhoeic 

dermatitis 
• Acne vulgaris 
• Cutaneous T-cell 

Lymphoma 
• Pemphigus 
• Pemphigus 

foliaceus 

(erythematosus) 
• Pityriasis rubra 

pilaris 

 *Also known as PMLE 
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 Drug-induced photosensitivity  

Drug-induced photosensitivity (DIP) is the cutaneous adverse reaction between either 

ultraviolet radiation (UVR) or visible radiation and a specific photosensitising drug, either 

topically or systemically. This reaction is usually classified based on the mechanism of 

action into photoallergic or phototoxic reactions (Kirshbaum and Beerman, 1964). If a 

patient experiences abnormal photosensitivity, it is essential to identify the chemicals or 

drugs responsible for the photosensitisation. When completing an analysis of the 

photosensitive site, attention should be directed toward all areas on the face as well as to 

any shadow sites, such as under the hair and behind the ears. Several factors can affect 

photosensitivity, such as drug dosage, the light spectrum and intensity, and skin phototype. 

A wide range of systemic treatments have been identified as photosensitising (Frain-Bell, 

1985, Harber and Bickers, 1989). Consequently, it is essential to direct efforts toward 

clinical examination, a thorough review of the patient’s history, and phototesting to 

formulate an accurate diagnosis. DIP can usually be managed by avoiding exposure to 

sunlight and discontinuing the culprit drug if that is possible (Ferguson, 2002). 

 Action spectrum 

A drug’s spectroscopic and molecular characteristic can predict the drug’s 

photosensitising potential. Drugs with low molecular weight and aromatic halogen atoms 

are the most likely to be associated with photosensitivity (Verdel et al., 2009). It has been 

reported that most photosensitising drugs absorb light in the UVA region, which may 

extend into the visible spectrum (mainly 315–430 nm), while, in a minority of drugs, the 

absorption spectrum is in the UVB region. This may be explained by the fact that the UVA 

penetrates deeper into the dermis than UVB (Diffey and Farr, 1988, Hunter et al., 1970, 

Ferguson et al., 1985). Drugs classes and absorption wavelengths illustrated in Table 1-5. 
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Table 1-5 Drugs classes and absorption wavelengths. Most photosensitising drugs absorb 

light in the UVA region and may extend into the visible spectrum (mainly 315–430 nm). 

while, the minority of drugs, the absorption spectrum is in the UVB region 

Main classes Photosensitising drugs 

 

Predominant wavelengths 

Antibiotics • Fluoroquinolones 

• Nalidixic acid 

• Tetracyclines 

(particularly 

demeclocycline and 

doxycycline) 

• Sulphonamides 

• UVA /visible 

• UVA 

• UVA 

 

 

 

• UVA 

Diuretics and 

cardiovascular agents 

• Thiazides 

• Furosemide 

• Amiodarone 

• Quinidine 

• UVB/UVA 

• UVA 

• UVA 

• UVB/UVA 

Nonsteroidal anti-

inflammatory drugs 

• Naproxen 

• Tiaprofenic acid 

• Piroxicam 

• Azapropazone 

• UVA 

• UVA 

• UVA 

• UVA 

Calcium channel 

antagonists 

• Nifedipine 

• Diltiazem 

• Amlodipine 

• UVB/UVA 

• UVB/UVA 

• UVB/UVA 

Psychoactive drugs • Phenothiazines 

(chlorpromazine, 

thioridazine) 

• Protriptyline 

• UVB/UVA 

 

 

• UVA 

Photodynamic therapy 

agents 

• Temoporfin 

• Photofrin 

• Visible 

• Visible 

Antifungals • Griseofulvin • UVA 

Adapted from (Dawe and Ibbotson, 2014) 
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 Post-drug cessation effects  

Phototoxicity susceptibility would be expected to correlate with the half-life of the 

drug; however, there is significant variation from one drug to the next. For example, in the 

cases of quinine and thiazide-induced photosensitivity, the symptoms can continue for up 

to nine months after cessation. However, the drugs tend to be eliminated within only hours 

after cessation of the drug. In other cases, such as amiodarone or photofrin, the 

photosensitivity results from the presence of the photoactive molecule in the patient’s 

circulation and skin. Furthermore, the elimination rate for psoralens and fluoroquinolones, 

which have been widely reported as photoactive agents, is fast, commonly, within a period 

of 1–2 days after discontinuing the drug, any greater degree of vulnerability to 

photosensitive reactions disappear (Lim, Hoenigsmann et al. 2007). 

 Prevalence  

Prevalence of DIP shows variances from one drug to another; moreover, these 

variations may occur among individuals taking the same medication. However, 

determining the prevalence of DIP is quite difficult and is likely to be underestimated. 

Furthermore, geographic variations have a significant impact on the prevalence of DIP. In 

addition, other factors, including variable drug metabolism in different communities and 

different photoprotection approaches, also play a role (Dawe and Ibbotson, 2014). The 

prevalence of photoallergic reactions is lower than that of phototoxic reactions. Although 

aged individuals may have less exposure to sunlight, they are more vulnerable to DIP, as 

they tend to use a greater number of drugs for different conditions (Trakatelli et al., 2009, 

Gould et al., 1995). Table 1-6 shows the prevalence of DIP, as reported by different 

studies. 
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Table 1-6 Prevalence of drug-induced photosensitivity reported to be between 1.9% and 

14.5% by different studies  

Study 

 

Prevalence of 

DIP 

Reference 

The study evaluated the photosensitivity in 203 patients 

in an American academic medical centre reported 

systemic drug-induced phototoxicity 

7% (Fotiades et al., 

1995) 

A retrospective study of 116 patients diagnosed with 

photodermatosis at Singapore skin referral centre 

11.3% (Khoo et al., 

1996) 

A study by Norwegian Medicine Control Authority 

reported 799 adverse drug reactions involving the skin 

and appendages of which 64 were classified as 

photosensitivity 

8% (Selvaag, 

1997) 

A study at a photodermatology referral centre, Greece, of 

310 patients diagnosed with idiopathic photodermatoses 

4.8% (Stratigos et 

al., 2003) 

A study by an Australian photodermatology clinic 

of 397 patients diagnosed with photosensitivity disorders 

2.1% (Crouch et al., 

2003) 

Study of 141 predominantly Asian patients 

attending a photodermatology clinic in Singapore 

14.5% (Wong and 

Khoo, 2005) 

A study of 280 patients seen by a dermatologist at the 

Department of Dermatology, Henry Ford Hospital, 

Michigan 

13.3% of 

African 

Americans 

10.7% of 

Caucasians 

(Kerr and Lim, 

2007) 

Evaluation of spectrum of photodermatoses in  362 

“dark-skinned” individuals presenting at a tertiary 

referral centre (India Institute of Medical Sciences) 

1.9% (Wadhwani et 

al., 2013) 

Study 118 patients at the dermatology department at a 

Tunisian teaching hospital. Describes the adverse 

cutaneous reactions and their epidemiologic 

characteristics. 

DIP is the third 

commonest 

cause 

(Chaabane et 

al., 2013) 

Results of phototesting at a Dundee photobiology unit, 

Scotland 

4% (Dawe and 

Ibbotson, 

2014) 

Photobiology unit at Salford Royal Hospital 5.4% (Alrashidi et 

al., 2020) 
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 Pathogenesis 

Two patterns have been described in the pathogenesis of DIP. Phototoxicity is 

considered to be more common than photoallergy (Epstein, 1962, Epstein, 1983). These 

reactions occur when UVR or visible light is absorbed by photosensitising agents, such as 

drugs or cosmetics products. UVR dosage plays a significant role in DIP responses in 

phototoxic reactions, with minimum radiation exposure leading to milder reactions. 

Photoallergic reactions are rarely affected by UVR doses (Epstein, 1972, Storck, 1965). 

Clinically, the differentiation between phototoxic and photoallergic reactions are 

challenging, but it is widely accepted that systemic agents can cause phototoxic reactions 

while topical medications may lead to photoallergic reactions (Storck, 1965, Khandpur et 

al., 2017). Table 1-7  shown in Table 1-7. 

Table 1-7 The differences between the two patterns of drug-induced photosensitivity : 

phototoxicity and photoallergy reactions 

Feature Photoallergy Phototoxicity 

Incidence Low High 

Pathophysiology Immune-mediated mechanism 

of action (Type IV 

hypersensitivity reaction) 

Direct tissue injury 

Required dose of medication Low Standard dose high 

Required dose of radiation Low High 

Onset after light exposure > 24 Hours < 24 Hours 

Clinical appearance Eczematous Exaggerated sunburn reaction 

with erythema, itching, and 

burning 

Other manifestations  Lichenoid eruptions, 

pseudoporphyria, onycholysis, 

erythema multiforme, 

hyperpigmentation, and 

telangiectasia 

Sensitisation required Yes No 

Localisation May spread outside exposed 

areas 

Only exposed areas 

Pigmentary Change Unusual Frequent 

Histology Epidermal spongiosis, 

exocytosis of lymphocytes, 

and a perivascular 

inflammatory infiltrate 

Necrotic keratinocytes, 

predominantly lymphocytic 

and neutrophilic dermal 

infiltrate 

Adapted with alteration from (Gould et al., 1995) 
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 Phototoxicity reaction 

The phototoxic reaction is a non-immunological, pathological reaction leading to 

tissue injuries within minutes or hours after taking medication and exposure to the sun. 

This reaction occurs when photolabile agents interact with light, resulting in the formation 

of ROS, superoxide anions, free radicals hydroxyl radicals, and singlet oxygen; causing 

damage to cellular proteins, lipids, and DNA; and triggering an inflammatory response 

(Urbach, 1997, O'gorman and Murphy, 2014, Foote, 2012, Pathak and Stratton, 1968). 

 

1.7.4.1.1 Clinical manifestation 

Cutaneous phototoxic reactions have different patterns, appearing as either an 

immediate burning sensation and urticaria or pigmentation, which may occur shortly after 

administration of the culprit drug. Notably, some drugs have a distinct reaction, as shown 

in Table 1-8. Body sites most commonly affected are forearms, anterior parts of the legs, 

the face, the dorsum aspect of the hands, the nuchal area, and the V area of the chest. 

Furthermore, a sharp demarcation can be observed between affected and non-affected skin 

(Gould et al., 1995; Khandpur et al., 2016). 

 

Table 1-8 Examples of culprit photosensitisers  and different patterns of cutaneous 

phototoxic reactions 

Photosensitisers Skin reaction 

Porfimer sodium, amiodarone, chlorpromazine Pricking/burning, immediate 

erythema, oedema, urticaria 

Fluoroquinolones, chlorpromazine, amiodarone, thiazide 

diuretics, quinine, demeclocycline, doxycycline, 

voriconazole 

Sunburn-type reactions 

Psoralens Erythema (late-onset) 

Blister (higher doses) 

Hyperpigmentation 

Naproxen, nalidixic acid, demeclocycline, amiodarone, 

fluoroquinolone, voriconazole 

Increased skin fragility 

Blister (pseudoporphyria) 

Calcium channel antagonists Telangiectasia on exposed site 

Thiazide diuretics Dermatitis response 

Adapted from (Khandpur et al., 2016). 
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1.7.4.1.1.1 Exaggerated sunburn reaction 

Clinically, phototoxicity reactions mimic exaggerated forms of sunburn reactions in 

association with skin erythema and oedema. Furthermore, there are significant variations in 

clinical presentation, depending on the source of light and drug dosage. Patients can be 

asymptomatic, experience a mild burning sensation on exposed skin, or develop severe 

symptoms, such as bullae and vesicles in association with skin burning and prickling 

(Epstein, 1983, Khandpur et al., 2017). It usually takes minutes to hours for the phototoxic 

reaction to develop, except for psoralens, where the reaction initiates 24 hours following 

contact and reaches its peak in 72–96 hours (Ibbotson and Farr, 1999). 

 

1.7.4.1.1.2 Hyperpigmentation 

Skin pigmentation may occur as a side effect of drug-induced phototoxicity. 

Hyperpigmentation reactions caused by different drugs illustrated in Table 1-9. 

 

Table 1-9 Different patten of cutaneous hyperpigmentation reactions and culprit 

photosensitisers  

Drug Hyperpigmentation reaction References 

Amiodarone, chlorpromazine, 

clozapine, and imipramine 

Slate-grey pigmentation (Zachary et al., 1984, 

Waitzer et al., 1987) 

Amiodarone and chlorpromazine Golden-brown pigmentation (Satanove, 1965) 

Diltiazem Slate-grey (lichenoid) reticulate 

hyperpigmentation 

(Young et al., 1990) 

Desipramine Blue-grey photosensitive 

pigmentation 

(Narurkar et al., 1993) 

Silver Blue-black pigmentation in 

sun-exposed areas 

(Shelley et al., 1987) 

Hydrochlorothiazide Mottled hyper and 

hypopigmentation 

(Masuoka et al., 2011) 
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1.7.4.1.1.3 Drug-induced pseudoporphyria 

Porphyria is a condition caused by an enzymatic defect in the haem biosynthetic 

pathway, which leads to the release of phototoxic porphyrins in the bone marrow or liver. 

The distinctive ring shape of the porphyrin molecules enables the absorption of visible 

light (Moore and McColl, 1987, Harber et al., 1975). Furthermore, the structure of 

porphyrin molecules facilitates a rapid diagnosis of the condition, with porphyrins found in 

erythrocytes, plasma, stool, and urine (Lim and Peters, 1984). Acute porphyria is 

conditions that share similar photosensitivity, including porphyria cutanea tarda (PCT), 

hereditary coproporphyria, and variegate porphyria. Of these three conditions, PCT is the 

most common and can present clinically with cutaneous manifestation only and low levels 

of uroporphyrinogen decarboxylase (Elder et al., 1978). Type I PCT, also known as a 

sporadic subtype, is an acquired multifactorial condition, and it represents approximately 

75% of all PCT cases (Aarsand et al., 2009, Kushner, 1982). Familial PCT is an autosomal 

dominant condition found in the remaining 25% of all PCT cases, and up to 90% of those 

patients are asymptomatic carriers (De Verneuil et al., 1978). Heredity coproporphyria and 

variegate porphyria have systemic and cutaneous symptoms. Clinically, the exposed sites, 

such as the face, neck, and back of the hands, are the areas mainly affected. An individual 

experiencing a large accumulation of porphyrin in the skin may also experience a condition 

known as bullous porphyria. Porphyrins are tetrapyrrolic molecules that absorb visible 

radiation in the 400 nm range (Whitcombe et al., 1991, Cacheux et al., 1994, Gouya et al., 

1996). Cutaneous characteristics of drug-induced pseudoporphyria resemble those of PCT, 

including skin fragility and scarring, easy bruising, and milia-affected regions. Notably, the 

porphyrin profile remains normal (Al-Khenaizan et al., 1999). Several medications have 

been linked to drug-induced pseudoporphyria, namely naproxen, nalidixic acid, 

tetracyclines, sulfonylureas, furosemide, dapsone, benoxaprofen, tiaprofenic acid, and 

amiodarone (Gould et al., 1995, Al-Khenaizan et al., 1999).  
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1.7.4.1.1.4 Drug-induced cutaneous lupus erythematosus 

Drug-induced subacute cutaneous lupus erythematosus (SCLE) linked to 

photosensitivity, with subacute cutaneous subtypes being the commonest. Clinically, drug-

induced SCLE patients may present with small papular lesions with a scaly erythematous 

base, which can progress into psoriasiform plaques. These lesions are limited to photo-

exposed areas, such as arms, face, neck, and upper part of the chest, and can heal without 

leaving scars (Gould et al., 1995). Phototoxic reaction in SCLE has been linked to calcium 

channel blockers, thiazide diuretics, angiotensin-converting enzyme (ACE) inhibitors, and 

terbinafine. Furthermore, it is also linked to other drugs, such as antiepileptic; anticancer 

docetaxel, taxanes and paclitaxel; proton pump inhibitors; and TNF-α antagonists 

(Grönhagen et al., 2012). 

1.7.4.1.1.5 Acute photosensitive dermatitis 

Usually, patients experience an exaggerated sunburn reaction within 12–24 hours 

following sun exposure, which can appear clinically as well-demarcated, non-pruritic 

erythema with vesicle formations. Furthermore, epidermal desquamation and 

hyperpigmentation can follow initial signs (Gonçalo and Giménez-Arnau, 2015). 

1.7.4.1.1.6 Photo-onycholysis 

Photo-onycholysis involves the separation of the distal third of the nail from the nail 

bed. In addition, tenderness to pressure is noticed within two weeks of exposure to an 

offending drug. Drugs that have been reported to cause photo-onycholysis include quinine, 

clorazepate dipotassium, oral contraceptives, benoxaprofen, fluoroquinolones, 

mercaptopurine, chloramphenicol, psoralens, and tetracyclines (Baran and Brun, 1986, Tan 

et al., 1989). 
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 Photoallergy mechanisms 

A drug-induced photoallergic skin reaction is an immune-mediated response, usually 

a DTH reaction, requiring several exposures to the causative agent. Formation of a photo-

antigen occurs via a haptenisation process, which involves the covalent binding of the 

causative agent to endogenous protein. Subsequently, the photo-antigen presents to dermal 

immune-competent cells, leading to the release of proinflammatory cytokines and 

chemokines and the formation of eczematous skin responses (Tokura et al., 1996b, 

Ohshima et al., 2000). 

1.7.4.2.1 Clinical manifestation 

Eczematous reactions are the main clinical features of photoallergic reactions and 

tend to be confined to sun-exposed skin. However, this reaction may spread to other sites 

in cases of repeated exposure. Clinically, the reactions can be acute, subacute, or chronic. 

In acute reactions, skin erythema in association with vesicles is the main presentation, 

while erythematous lichenified lesions are predominant in subacute or chronic reactions. 

Affected skin mostly resolves entirely after the culprit drug is stopped and light exposure 

avoided. (Gould et al., 1995; Lim et al., 1990). 

1.7.4.2.1.1 Lichen planus-like reactions 

Lichen planus-like reactions are drug-induced photoallergy. Manifestations may 

include scaly erythematous violaceous lesions in association with Wickham’s striae. Oral 

mucosae are not involved in this type of allergy (Frain-Bell, 1985; Gould et al., 1995). 
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 Drugs commonly associated with drug-induced photosensitivity 

 Antiarrhythmics 

1.7.5.1.1 Amiodarone 

Amiodarone is an antiarrhythmic drug used to treat conditions such as ventricular 

tachycardia. It produces a dose-related photosensitivity reaction. The phototoxic reaction 

can be induced by both UVA and UVB. Classical clinical features of amiodarone 

photosensitivity reactions are a sudden onset of erythema with a tingling and burning 

sensation. Furthermore, a unique blue-grey skin pigmentation has been reported (Zachary 

et al., 1984, Harris et al., 1983, Ferguson et al., 1985). It has been reported that between 

30-75% of patients using this medication experienced DIP (Chalmers et al., 1982, Harris et 

al., 1983, Rappersberger et al., 1989). Recovery from amiodarone phototoxicity usually 

occurs within months of drug withdrawal. However, prolonged reactions have also been 

recorded due to the prolonged drug elimination half-life (Yones et al., 2005). 

 Anti-hypertensive 

Different classes of antihypertensive medication have been reported to cause 

photosensitivity reactions. In the first instance, diuretics are frequently reported as a 

leading cause of drug photosensitivity, whilst other classes, such as ACE inhibitors and 

calcium channel blockers (CCBS) have a significant effect in this regard. Anti-

hypertensive drug and photoreactions presented in Table 1-10. 
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Table 1-10 Class and subclass of anti-hypertensive drug-induced photosensitivity reactions 

and  cutaneous photoreactions 

Class Subclass Photoreaction References 

 

Calcium channel 

blockers 

• Dihydropyridine 

group: 

Amlodipine & 

nifedipine 

 
• Benzothiazepine 

group: Diltiazem 

• Facial telangiectasia 

(photodistributed pattern, 

photodermatitis a) 

 
 
• Photodistributed 

hyperpigmentation, 

Dermatitis a 

(Collins and 

Ferguson, 1993, 

Zenarola et al., 

1991, Seggev and 

Lagstein, 1996, 

Grabczynska and 

Cowley, 2000, 

Boyer et al., 2003b) 

Angiotensin-

converting 

enzyme 

inhibitors 

Ramipril, Quinapril 

Enalapril 

Photosensitivity a&b 

 

(Wagner et al., 

2000, Rodríguez 

Granados et al., 

2004, Kanwar et al., 

1993a) 

Beta-blocker Tilisolol 

 

Photosensitivity in one 

patient a&b 

(Miyauchi et al., 

1994) 

Other 

antihypertensive 

• Rilmenidine 

 
 
 
• Methyldopa 

• Erythema and swelling 

(photodistributed pattern) 

in one patient 

• Photosensitivity b in one 

patient 

 

(Mota et al., 1998, 

Vaillant et al., 1988) 

a. Rechallenge test b. Photopatch test  
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 Diuretics 

Thiazide diuretics are a group of medications used to treat high blood pressure 

(hypertension). Hydrochlorothiazide is the most common diuretic of the thiazide group that 

is associated with photosensitivity (Monteiro et al., 2016b). Two further subcategories 

have also been identified, namely the loop diuretic furosemide and the sulphonamide-based 

thiazide molecules. The latter substances in this subcategory can induce a lichen planus-

type response and a lupus erythematosus response (Johnston et al., 2002, Reed et al., 

1985b). It has been reported that UVA or UVA and UVB wavelengths induce thiazide 

phototoxic reactions. Phototoxic skin reactions can present clinically as lichenoid skin 

lesions, dermatitis, severe sunburn reactions, or dermatitis of exposed skin (Addo et al., 

1987; Johnston and Coulson, 2002). Moreover, chronic eczematous photosensitivity can 

persist for months to years, even following the withdrawal of the causative drug (Robinson 

et al., 1985).  

 Non-steroidal anti-inflammatory drug  

Non-steroidal anti-inflammatory drug is prostaglandin synthesis inhibitors that have 

been reported to cause photosensitivity skin reactions. Piroxicam and benoxaprofen are the 

two main culprit medications in this group that have been reported to induce 

photosensitivity, although the latter is no longer available on the market (Drucker and 

Rosen, 2011). Celecoxib has also been reported to cause pseudoporphyria and 

photoallergic skin reactions (Cummins et al., 2000, Yazici et al., 2004). The most 

significant photosensitising capacity has been shown by naproxen, which usually causes 

pseudoporphyria (Levy et al., 1990). Topical NSAIDs can induce photoallergic reactions. 

In this group, mainly ketoprofen can cause severe symptoms, characterised by skin oedema 

and bullous formation or reactions similar to erythema multiforme (Matthieu et al., 2004). 
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 Antibiotics  

1.7.5.5.1 Fluoroquinolones 

Fluoroquinolones are a group of broad-spectrum antibiotics that are used to treat both 

gram-negative and -positive infections. These drugs may cause significant phototoxic and 

photoallergic reactions that can limit their use (Ball and Tillotson, 1995, Ferguson, 1995, 

Johnson et al., 1997, Mehlhorn and Brown, 2007). The chemical progenitor of the first 

fluoroquinolone, that is the nalidixic acid group, is recognised as being a photosensitive 

molecule and may cause pseudoporphyria, PCT, and sunburn-like eruptions (Ferguson, 

2003). The severity of clinical features varies and may include severe bullous eruptions as 

well as mild erythema on sun exposure sites (Lipsky and Baker, 1999, Vassileva et al., 

1998a).  

In addition, sparfloxacin has resulted in the occurrence of lichenoid reactions 

(Tokura et al., 1996a, Baran and Brun, 1986). Generalised erythematous subcorneal 

pustular drug eruptions have been reported with norfloxacin (Shelley and Shelley, 1988). 

Ciprofloxacin phototoxic reactions have been observed in cystic fibrosis patients (Burdge 

et al., 1995). 

 

1.7.5.5.2 Sulphonamide 

Sulphonamide derivatives have long been associated with photosensitivity (Epstein, 

1939). Sulphonamide is an antibiotic that cannot cause photosensitivity by itself. However, 

derivative medications that contain sulphur, such as diuretics and anti-diabetic drugs, are 

common causes of photosensitivity (Vassileva et al., 1998a). Cotrimoxazole is a known 

photosensitiser due to its sulfamethoxazole component, which may lead to both phototoxic 

and photoallergic effects on skin exposed to sunlight (Zhou and Moore, 1997). The action 

spectrum of sulphonamide derivatives lies within the UVB and UVA wavelength 

(Ljunggren and Bjellerup, 1986). Photoallergic and, less frequently, phototoxic reactions 

have been reported following treatment with sulfacetamide, sulfadiazine, sulfaguanidine 

and sulfapyridine (Vassileva et al., 1998b). 
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1.7.5.5.3 Tetracycline 

Tetracycline is a group of bacteriostatic antibiotics known to encompass several 

photoactive agents. As per available literature, phototoxic reactions are commonly reported 

for doxycycline and tetracycline (Drucker and Rosen, 2011). Tetracyclines have been 

reported to induce solar urticaria and onycholysis (Yap et al., 2000, Ibsen and Lasthein, 

1982). 

 Other antibiotics 

Several other antibiotics have been reported to cause DIP. Table 1-11 . 

 

Table 1-11 Class and subclass of antibiotics and cutaneous drug-induced photosensitivity 

reactions 

Antibiotics Subclass Reaction References 

 

Antituberculosis Isoniazid 

pyrazinamide 

Lichenoid eruption 

confirmed by PT & RC 

Photosensitivity confirmed 

by RC 

(Lee and Jung, 1998) 

(Katiyar et al., 2010) 

Sulfone antibiotic and 

anti-inflammatory 

agent 

Dapsone Phototoxic and photoallergic 

reaction, confirmed by RC 

and PT 

(Joseph, 1987, Kar, 

2008) 

Third generation 

cephalosporins 

Cefotaxime 

 

Ceftazidime 

Increased susceptibility to 

sunburn. 

Photodistributed 

telangiectasia 

(Borgia et al., 2000, 

Vinks et al., 1993) 

Photopatch test (PT), Rechallenge test (RC) 
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 Cholesterol-lowering agents 

Statins are one of the most commonly used lipid-lowering drugs and are known to 

cause several different cutaneous reactions (Montanaro et al., 2008). Various medications 

in this group have been reported to cause photosensitivity. For example, simvastatin is 

known to cause prolonged photodistributed dermatitis. (Granados et al., 1998, Holme et al., 

2002). Similarly, oedematous erythema in the sun-exposed areas can result from 

atorvastatin (Marguery et al., 2006). Moreover, photodistributed erythema multiforme has 

been caused by pravastatin as well as Simvastatin (Rodríguez‐Pazos et al., 2010).  

 Antipsychotics 

Phenothiazines are a group of antipsychotic medications that are used to treat 

psychosis symptoms such as delusions and hallucinations. Chlorpromazine and 

thioridazine are two drugs in the phenothiazines class that have been reported to induce 

photosensitivity reactions. This reaction is characterised by an immediate burning 

sensation with skin erythema, followed by another erythema attack within 24 hours. 

Furthermore, an exaggerated sunburn reaction can occur in individuals using 

chlorpromazine, and they may also experience bullous and lichenoid skin eruptions 

(Matsuo et al., 1979). Photodistributed slate-grey to violaceous hyperpigmentation can 

occur in patients taking high doses of both chlorpromazine and thioridazine over long 

periods (Satanove and McIntosh, 1967). This pigmentation tends to reverse on termination 

of drug use; however, the reversal effects might not be observed for many months.  

 Tricyclic antidepressants  

Tricyclic antidepressants (TCAs) are a group of medications that are used to treat 

various conditions, including depression, obsessive-compulsive disorder, and prophylaxis 

for migraines. Imipramine is a drug in this group that has been reported to induce 

photosensitivity reactions, presenting clinically as erythema in a photodistributed pattern. 

Furthermore, patients may experience slate-grey hyperpigmentation following prolonged 

sun exposure (Sicari et al., 1999, Walter-Ryan et al., 1985). 
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 Selective serotonin reuptake inhibitors  

These medications have been commonly used as antidepressants, and some drugs in 

this group are reported to induce photo-induced drug eruptions (PIDEs). Patients treated 

with escitalopram reported having erythroderma following artificial tanning (Ram‐Wolf et 

al., 2008), whilst blister formation and erythema have been reported in patients treated with 

fluoxetine (Gaufberg and Ellison, 1995a).  

 Anxiolytics 

1.7.5.11.1 Benzodiazepines 

This is a group of medications that can be used to treat a variety of conditions, 

including anxiety, epilepsy, and seizure disorders. Alprazolam is a drug in this group that 

has been reported to induce erythema and pruritus in the exposed skin (Kanwar et al., 

1990). Eczematous reactions have been reported with chlordiazepoxide (Luton and 

Finchum, 1965). 

 Antifungal drugs  

1.7.5.12.1 Voriconazole 

Voriconazole is an antifungal medication in the triazole class that is used to treat 

various fungal infections. It has been reported that voriconazole photosensitivity usually 

occurs in immunocompromised patients on long-term prophylactic therapy. Voriconazole 

photosensitivity reactions usually present as a classical phototoxic reaction that can present 

months after starting the medication, sometimes also resulting in pseudoporphyria and 

cheilitis (Drucker and Rosen, 2011, Frick et al., 2010, Tolland et al., 2007). Several studies 

reported that photoaging, squamous cell carcinoma, and melanoma can develop in skin 

sites that had previously experienced photosensitive reactions (Racette et al., 2005, Miller 

et al., 2010, McCarthy et al., 2007, Cowen et al., 2010). 

 

1.7.5.12.2 Other antifungals  

Itraconazole is a triazole antifungal medication that has been linked to 

photosensitivity that showed a positive phototoxic reaction after a rechallenge test 

(Alvarez‐Fernández et al., 2000). Phototoxic dermatitis has been reported as a side-effect 

of ketoconazole, which is an antifungal in the imidazole group (Mohamed, 1988). 
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  Proton pump inhibitors  

Proton pump inhibitors are a group of medications that include omeprazole, 

lansoprazole, pantoprazole, and rabeprazole. These medications inhibit the proton pump 

function (H+/K+ ATPase) and suppress gastric acid production  (Richardson et al., 1998). 

Photoallergic dermatitis after treatment with esomeprazole has been reported in a single 

case report (Shukla et al., 2010). 

 Quinine 

Quinine can be used to treat malaria and muscle cramps, and it is also added to tonic 

water. It was reported to induce both photoallergic and phototoxic reactions. Phototoxicity 

is induced by UVA wavelengths (Wolf et al., 1987). The clearance half-life is typically 

between 10–12 hours, and this may be affected by smoking and age. Clinically, patients 

may present with eczematous or lichenoid phototoxic reactions (Dawson, 1986, Thomas 

and Munro, 1986). 

 Antineoplastic agents 

Various antineoplastic medicines have been reported to induce photosensitivity skin 

reactions. Table 1-12 . 

Table 1-12 Class and subclass anti-neoplastic drugs reported causing cutaneous drug-

induced photosensitivity reactions 

Main class Subclass Reaction 

 

References 

Tyrosine kinase 

inhibitor (TKI) 

Vandetanib Photodistributed erythematous 

and bullous eruption 

(Chang et al., 2009) 

Antimetabolites Fluorouracil 

Hydroxyurea 

Photosensitive eruptions, 

photodistributed 

hyperpigmentation  

Photodistributed granulomatous 

reaction. 

(Falkson and Schulz, 

1962, León‐Mateos et 

al., 2007) 

Plant alkaloids Paclitaxel Photodistributed erythema 

multiforme & onycholysis 

(Cohen, 2009, Hussain 

et al., 2000) 

Antiandrogens Flutamide Photosensitivity with positive 

photopatch and rechallenge test  

 

(Martín‐Lázaro et al., 

2004, Yokote et al., 

1998) 
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 Miscellaneous medications 

Several medications have been reported to cause various drug-induced 

photosensitivities. Table 1-13 Miscellaneous medications (class and subclass) reported 

causing drug-induced photosensitivity. 

Table 1-13 Miscellaneous medications (class and subclass) reported causing drug-induced 

photosensitivity reactions  

Main class Subclass Reaction References 

 

Oral retinoid Etretinate Increased susceptibility 

to sunburn & 

photoleukomelanoderma 

(Ferguson and 

Johnson, 1989, 

Seishima et al., 2010) 

Hormonal 

contraceptives 

A contraceptive 

patch containing 

norelgestromin 

and 

ethinylestradiol 

Erythematous vesicular 

eruption 

(Gómez‐Bernal et al., 

2010, Cooper and 

George, 2001) 

Antihistamine Ranitidine 

Mequitazine 

Repirinast 

Papulosquamous 

eruption. 

Positive PT 

Solar urticaria 

(Kondo et al., 2000, 

Kim et al., 1995, 

Kurumaji and Shono, 

1994) 

Antiepileptic Carbamazepine Photosensitive lichenoid 

eruption, Positive PT & 

RC 

(Yasuda et al., 1988) 

Sulfonylurea oral 

hypoglycaemic 

agent 

Glibenclamide Eczematous 

photodermatitis 

PT: increased sensitivity 

to UVA & UVB 

(Drucker and Rosen, 

2011) 

Antiplatelet agent Clopidogrel Photodistributed 

Lichenoid eruption, 

positive RC 

(Dogra and Kanwar, 

2003) 

Disease-

modifying 

antirheumatic 

drugs 

Leflunomide 

 

Photodistributed 

lichenoid eruption 

 

(de Gutierrez and 

Abaca, 2004) 

Aminosalicylate 

anti-inflammatory 

Mesalazine Bullous eruptions (Horiuchi and 

Shimakura, 1999a) 

Photopatch test (PT). Rechallenge test (RC) 
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 Clinical evaluation of cutaneous photosensitivity 

 Clinical history  

To make the correct diagnosis, a complete medical history of the patient should be 

obtained, an extensive cutaneous examination performed, and, if appropriate, phototesting 

should be undertaken. In addition, a laboratory examination should be conducted to 

exclude any systemic disease, for example, an antinuclear antibodies (ANA) panel screen, 

a plasma porphyrin profile screen, and histopathology of skin biopsy samples. In the 

Photobiology Unit at Salford Royal Hospital, the patient’s evaluation takes four visits to be 

completed. Table 1-14 Photoinvestigation steps followed in the Photobiology Unit at 

Salford Royal Hospital. 

Table 1-14 Photoinvestigation steps followed in the Photobiology Unit at Salford Royal 

Hospital 

Day 1 (Monday) 

 

• History and physical examination 
• Photoprovocation testing with the solar simulator and 

broadband UVA 
• Application of duplicate sets of potential photoallergens 
• MED testing narrowband UVB, UVA, and visible light 
• Blood and urine sample collection 

Day 2 (Tuesday) 

 

• Detailed examination of provocation testing sites and reading 

of the MED by a photobiology consultant dermatologist 
• A repeat of photoprovocation testing to the solar simulator and 

broadband UVA 
• Exposure of a single set of photoallergens to broadband UVA 

light 

Day 3 (Wednesday) • Third and final photoprovocation testing to the solar simulator 

and broadband UVA 
• Specialist patient education in photoprotection 
• Completion of the DLQI questionnaire by patient 

Day 4 (Thursday) • Detailed examination of the patients by the consultant and 

multidisciplinary team 
• Consultation with specialist photobiology consultant  
• Clinical photography and skin biopsy if required 
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 Seasonal variations and time between sun exposure and lesions appearance  

Knowledge of seasonal variations and the time between sun exposure and the onset 

of the reaction can assist in diagnosing drug-induced phototoxicity. Typically, DIP is 

characterised by only brief exposure to UVR, with symptoms persisting for several days 

and occurring in any season.  

 Window glass 

A detailed history of the ability of window glass to filter sunlight may provide 

significant information regarding the provocation action spectrum of a photodermatosis, as 

typically UVA penetrates non-laminated window glass whilst UVB does not. Visible light 

always passes through the glass, unless the glass is opaque (Tuchinda et al., 2006). 

 Family history 

Family history helps distinguish DIP from other photodermatoses, such as hereditary 

porphyria. Furthermore, positive family history has also been reported in actinic prurigo 

and PLE patients (McGregor et al., 2000). A family history of autoimmune or connective 

tissue diseases is crucial because it may be linked to photoaggravated dermatoses (Callen, 

1999).  

 Clinical findings 

The distribution of lesions in sun-exposed sites should be examined closely in the 

physical assessment of the patient, such as the cheeks, the forehead, the V-region or nape 

of the neck, the dorsum of the hands, and the extensor parts of bilateral forearms. The sun-

protected regions, such as the upper eyelids, nasolabial folds, posterior auricular parts, 

periorbital sites in patients who wear glasses, the superior parts of the pinna (that may be 

hidden by the hair), and the submental area of the neck may be spared (Frain-Bell, 1985). 

Clinically, DIP can present with different morphological lesions; photoallergy reaction can 

present as eczematous eruptions, whilst phototoxicity can present as an acute inflammatory 

response with vesicles and bullae (Choi et al., 2014). 
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 Photoinvestigation 

Photosensitivity disorders can be diagnosed by phototesting. Phototesting is a 

process in which the skin is exposed to known doses and wavelengths of UVA, UVB, and 

visible light, after which the irradiated skin is observed and assessed. Narrowband UVB, 

UVA, and visible exposure at specific wavelengths can be used to determine the action 

spectrum. The irradiated skin is examined 24 hours after exposure to determine the MED. 

The MED can be an essential tool in discriminating among different photodermatoses (Lim 

et al., 2007a).  

 Monochromator phototesting 

Narrowband (monochromator) testing is a test that is used for the estimation of MED 

response. This test is performed by exposing the patient’s back to increasing doses of 

UVA, UVB, and visible light from the left to the right side, then recording the MEDs 24 

hours after exposure. Characteristic response patterns can then be linked to different 

photodermatoses (Haylett and Rhodes, 2009). 

 Photopatch testing 

Clinically, several photodermatoses can present with an eczematous reaction pattern; 

photopatch testing can distinguish these conditions from other photodermatoses. To 

diagnose contact photoallergy, a photopatch test is essential. Patients with photoallergic 

contact dermatitis are evaluated through photopatch testing (PT). This method is similar to 

a general patch testing, which is conducted to assess allergic contact dermatitis, with the 

addition of UVR irradiation of the patch sites. A double set of photoallergens are applied to 

the patient’s back, and the area is covered with an opaque material to protect from 

exposure to light (Bruynzeel et al., 2004). After 24 hours, one panel is irradiated using a 

dose of 50% MED-A or 5 J/cm2 of UVA, whilst the other panel functions as the control. 

The use of the broadband UVA light source is recommended (Group, 1997). There are 

significant variations in the UVA doses used, but it is generally recommended to use 5 

J/cm2 for routine PPT (White, 1983, Thune et al., 1988, Hölzle et al., 1991, DeLeo et al., 

1992, Duguid et al., 1993, Bell and Rhodes, 2000, Neumann et al., 1994, Choi et al., 2014). 

Responses are evaluated at 24 and 48 hours following exposure to the allergens. Further 

post-irradiation readings at 72 and 96 hours may be recorded to identify and assess allergic 

and non-allergic mechanisms of the eruption (Neumann et al., 1994, White, 1983). 
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 Provocation light testing  

The provocation testing allows the clinician to examine the eruption in response to a 

fixed dose of light under controlled conditions. Ideally, repeated exposures of body sites 

(forearm and back) are used as a single exposure may not be sufficient to evoke a response. 

The same area is exposed for three to four consecutive days. Typically, the starting dose is 

80% of the MED, which is increased by 10% to 20% over the following days (Choi et al., 

2014, Lim et al., 2007a).  

 Laboratory tests 

A series of laboratory investigations are conducted to aid in diagnosis. Connective 

tissue disease screening can be done to diagnosis SLE. Urine and blood samples can be 

scanned for porphyrin fluorescence to confirm the diagnosis of porphyria (Cohen and Lim, 

2000). If the porphyrin screens are positive, further chemical analyses of urine, blood, and 

even faeces are conducted to identify and confirm the type of porphyria. Human leukocyte 

antigen (HLA) typing has been reported to be associated with AP (Grabczynska et al., 

1999, Spencer et al., 1996), Immunoglobulin E (IgE) reveals atopy, while vitamin D status 

can be low due to sun avoidance (Farrar et al., 2013). 
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 Dermatology life quality index 

Skin conditions can have a substantial impact on patients’ lives, affecting social 

relationships, everyday activities, and mood status. The DLQI, a questionnaire comprising 

ten questions was designed to capture information on the impact of different skin 

conditions on patients’ lives. Initially developed in 1994 (Finlay and Khan, 1994), the 

questionnaire has been used to provide information regarding the impact on the quality of 

life of a range of conditions, including psoriasis (Loft et al., 2019), eczema (Nagpal et al., 

2019), and chronic urticaria (Itakura et al., 2018). The DLQI has been validated and 

translated into many languages (Lewis and Finlay, 2004). The DLQI questions require 

patients to reflect on the impact of their skin conditions over the last week. Each response 

is scored from zero to three, where three is the highest impact and zero the lowest. All 

responses are then added to provide a maximum possible score of 30. A method of banding 

the DLQI scores has allowed further interpretation of the responses (Hongbo et al., 2005), 

as follows: 0–1, ‘no effect on QoL’; 2–5, ‘small effect’; 6–10, ‘moderate effect’; 11–20, 

‘large effect’; and 21–30, ‘extremely large effect’. Although DLQI is a simple validated, 

scoring system that has been used to assess the impact of QoL on skin-related conditions 

(Finlay and Khan, 1994). It has been criticised for its reduced capacity to capture emotions 

and mental health effects of some dermatological conditions  (Badia et al., 1999, De Korte 

et al., 2002). Both et al.(2007), highlighting the inability of DLQI to fully capture the 

emotional impact photodermatoses on patients’ QoL (Both et al., 2007). The severity of a 

photodermatosis is affected by several variable factors for example recent sun exposure, 

climate conditions and season. DLQI is unable to capture the full impact of these factors on 

the patients OoL as it asks the patient to only review their experiences ‘over the last week’. 

A patient’s experiences may be very different on an over last week in midwinter versus a 

sunny midsummer’s week. A patient may have had no symptoms of their photodermatoses 

but in order to achieve this, they may have had to remain indoors with the curtains drawn 

for months on (Rutter et al., 2020). The psychological impact of behavioural avoidance of 

trigger factors, for example, by avoiding social gatherings outdoors, family holidays and 

shopping during daylight hours may have a significant high impact on patients QoL which 

has not been captured by DLQI (Rutter et al., 2020, Jong et al., 2008). Photosensitivity 

symptoms, unlike other skin conditions, fluctuate with season and ambient UVR or visible 

light level, meaning that questionnaires that focus only on the last week may underestimate 

the impact.  
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Therefore, patients may be asked to complete two questionnaires, considering impact 

over both the last week and the last year. This approach has been used in previous studies 

involving photosensitivity (Rizwan et al., 2013, Haylett et al., 2018).  
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 Management of Photosensitivity  

Photoprotection is a vital step in the management of all photodermatoses. Various 

factors can protect skin against UVR; for example, environmental factors, such as fog, 

clouds, and ozone may act as natural photoprotective agents. An awareness regarding 

avoidance of exposure during the times when the sun is at its maximum, which is from 10 

am to 4 pm, is also essential. Physical photoprotective agents, including specific clothing, 

laminated window glass (in homes or cars), sunscreen, and even makeup can be important 

aspects of photoprotection measures. In addition, using sunscreen that can provide 

protection against the responsible action spectrum is an important measure. 

Photoprotective measures will be mentioned in detail in the following sections. 

 Photoprotection 

 Clothing 

Clothing is one of the physical photoprotection agents that plays a vital role in 

photoprotection. The ‘UVR protection factor’ (UPF) is used to measure a fabric’s 

protection level against UVR; it is the equivalent of the sunscreen SPF (Kullavanijaya and 

Lim, 2005), with UPF reflecting the efficacy of fabric protection against UVB rather than 

UVA. The European Committee for Standardisation recommended that clothing UPF level 

should be 40 and have the ability to transmit less than 5% of UVA and, if it meets this 

standard, to be labelled EN13758-2 (Gambichler et al., 2006). Clothing protection against 

the sun is affected by various factors, such as fibre material, the density of the weave, and 

chemical processing (Hatch and Osterwalder, 2006). In addition, it has been reported that 

darker colour fabrics have a higher UPF as compared to lighter colour fabrics (Wang et al., 

2001). Table 1-15  shown in Table 1-15. 
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Table 1-15 The sun-protectiveness  functions of  garments is affected by various factors; 

fibre material, the density of the weave, and chemical processing 

Factors decrease 

UVR transmission 

Factors increase UVR 

transmission 

References 

• Tightly woven fibres 

• Thick fabrics 

• Wool and polyester fibres 

• Dark coloured fibres 

• Shrinkage after 

laundering 

• Additives added to 

washed fabrics 

• UVR absorber 

• Bleaching 

• Fabric stretching 

• Chemical processing 

(such as desizing) 

• Removing agents (such 

as starch) 

 

(Davis et al., 1997, Crews et 

al., 1999, Wang et al., 2001, 

Sinclair and Diffey, 1997) 

(Sarkar, 2007, Gambichler et 

al., 2002) 

 

Adepte from (Lim et al., 2007b) 
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 Sunscreens 

Sun protection factor (SPF) is determined by the use of a defined scientific method to 

evaluate the level of protection provided by the sunscreen. SPF is estimated from the MED 

of sunscreen-protected skin versus the MED of unprotected skin. SPF estimates protection 

against UVB (Food and Administration, 1978). 

 

Sunscreens (organic and inorganic) 

Sunscreens can provide anti-UVR protection if applied liberally. Nevertheless, 

applying sunscreen at the start of the day does not mean it is safe to increase exposure to 

the sun, so repeated application every two hours is recommended to achieve maximum 

protection (Lademann et al., 2005). There are two types of topical sunscreen filters, namely 

organic and inorganic agents, formerly designated as ‘chemical’ and ‘physical’, 

respectively. It has been reported that organic and inorganic ultraviolet filter materials 

work to operate synergistically to enhance SPF effects (Kullavanijaya and Lim, 2005). 

 

Inorganic agents 

Inorganic agents work by forming an opaque layer of inert metal particles that reflect 

and scatter UVR and visible light radiation, for example, titanium dioxide and zinc oxide 

(Mitchnick et al., 1999). The main principles of sun protection for these agents are that 

they may reflect and absorb UVR, but they also form a protective shield against the visible 

light (Moseley et al., 2001). 

 

Organic Agents 

Organic sunscreens work by absorbing UVR, which, in turn, leads to a change in the 

state of the electron from a ground state to an excited state. Thereafter, the electron returns 

to a stable state and radiates trivial amounts of heat or fluorescent radiation. Organic 

sunscreens can be UVA, UVB or broadband absorbers. Ideally, these agents should be able 

to withstand sunlight, remaining photochemically stable after sunlight exposure, should not 

be affected by perspiration or swimming, and be non-allergenic, non-irritable, and non-

toxic to the skin (Lautenschlager et al., 2007, Roelandts, 1998).  
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 Window glass and windshields 

Typically, window glass filters UVB whilst transmitting visible light and UVA; 

however, glass technology is a developing field, and new developments have led to an 

increase in the efficacy of glass to filter UVA1 and UVA2. Laminated glass is used to 

make windshields that can restrict UVA to a large extent. Different types of glass are used 

in buildings and cars, thereby offering various UVR protection properties that are 

determined by the glass type. Darkly tinted glass is the most appropriate option to protect 

against visible light (Kullavanijaya and Lim, 2005), while amber window film offers 

protection for EPP patients (Hathaway and Sliney, 2002). 

 Hats 

Hats are the best way to safeguard the neck and the head, with the extent of 

protection depending upon edge width, fabric weave, and material (Kullavanijaya and Lim, 

2005). It has been reported that a hat brim size can affect the level of sun protection, for 

example, hats with 7.5cm circumference providing an SPF of 5 for the neck area and 7 for 

the nose, while smaller hats provide minimal protection (Lyde and Bergstresser, 1997). 

 Makeup 

Cosmetic facial foundation makeup contains pigments that can provide 

photoprotection of SPF 2–6 and can last for approximately four hours. To increase the 

photoprotection level, organic and inorganic filters should be added to the makeup; this 

would increase the SPF level to 15 or higher (Draelos, 2001).  
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 . Specific treatments  

1.10.1.6.1 Treatment of photodermatoses  

Photodermatoses management can be challenging; photoprotection measures are 

fundamental. Various approaches to treat photodermatoses summarised in Table 1-16. 

 

Table 1-16 Photodermatoses have various treatment measures; first-line therapy which includes 

topical and systemic therapy and second-line phototherapy 

Condition First-line therapy 

 

Second-line therapy 

Polymorphous light eruption • Topical/systemic corticosteroids 

• Photoprotection  

• Immunosuppressive therapy 

NB-UVB or PUVA 

Chronic actinic dermatitis • Photoprotection 

• Immunosuppressive therapy 

Low-dose PUVA 

Actinic prurigo • Photoprotection 

• Thalidomide 

NB-UVB or PUVA 

 

Hydroa vacciniforme • Photoprotection 

• Immunosuppressive therapy 

NB-UVB or PUVA 

Solar urticaria • Antihistamines 

• Photoprotection 

• Omalizumab 

Low-dose UVA or 

PUVA 

NB-UVB: Narrow band UVB phototherapy. PUVA: Psoralens and UVA photochemotherapy. 

Adapted from (Lim et al., 2007a, Bylaite et al., 2009) 
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 Management of drug-induced photosensitivity  

The key steps in the management of DIP are to identify the photosensitiser and the 

responsible action spectrum. In most patients, discontinuing the culprit drug is the most 

effective step. In some cases, avoiding the responsible agents is impossible, so 

photoprotective measures, such as avoiding sunlight, wearing protective hats and clothing, 

and using sunscreen must be followed. DIP is managed mostly by withdrawing a drug as 

soon as the reaction is diagnosed and the drug identified (Drucker and Rosen, 2011). Even 

though phototoxicity susceptibility would be expected to correlate with a drug’s half-life, 

there are significant variations from one drug to another. For example, quinine and 

thiazide-induced photosensitivity effects can last for up to nine months, even though the 

drugs tend to be eliminated from the blood within hours (Lim et al., 2007). Photoallergic 

reactions can extend for up to three weeks before subsiding (González and González, 

1996). Using topical or systemic corticosteroids can stop the chronicity of conditions; a 

short-term course of oral prednisone (1 mg/kg) can be used for severe DIP reactions 

(Bylaite et al., 2009). 
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 Hypotheses and aims 

The principal hypotheses of the first project were: a proportion of patients who 

referred for photoinvestigation at the Photobiology Unit at Salford Royal Hospital have 

photosensitivity due to DIP. Further, there will be differences in the phototesting results of 

patients who were on different types of medications. Finally, DIP will have a significant 

impact on patients’ quality of life. The second project hypothesis was that within the wider 

community there would be a considerable number of people who have undiagnosed DIP. 

Furthermore, the questionnaire can be used as a screening tool to identify these patients. 

First project aims were to estimate the prevalence of DIP in patients referred to 

photoinvestigation at Photobiology Unit (Salford Royal NHS Foundation Trust) between 

2000 and 2016. Further, to identify and classify the most frequent culprit drugs for the 

patient diagnosed with DIP. The key phototesting results associated with the most common 

culprit drugs were collected and reviewed to identify typical responses. Additionally, 

where available, the results of DLQI questionnaires were collected to determine the impact 

of DIP on patients’ quality of life. 

The second project aims were first to estimate the prevalence of DIP in the wider 

community. This was done by approaching the individuals attending the outpatient 

department at Salford Royal NHS Foundation Trust, Manchester, UK and asked them to 

complete a questionnaire which previously developed within the Photobiology unit. 

Second, identifying the demographic characteristics of the participants who found to take 

potential photosensitisers. Third, to classify the participants who were taking potential 

photosensitisers into unlikely, possible and probable cases of DIP. Finally, to determine the 

most common culprit drugs that can lead to probable cases of DIP. 
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 Methods and materials 

 Project 1: Prevalence of drug-induced photosensitivity in patients 

undergoing photoinvestigation 

 Study design  

The study conducted from a review of the case notes of patients diagnosed with DIP 

at the Photobiology Unit, Salford Royal NHS Foundation Trust, Manchester, UK, between 

2000 and 2016. The patients were first assessed and referred by general dermatologists 

from different centres in the UK: Northern and Central England and Wales. The case notes 

comprised a summary letter from the consultant photobiologist, where a standardized pro 

forma was used detailing a patient history and clinical assessment. Key information was 

extracted from the case notes and used to determine the drugs most frequently associated 

with DIP. The diagnostic monochromator and broadband phototesting were performed. 

Additionally, photopatch with control patch testing was performed. Detailed information 

regarding how the condition affects patients’ QoL was collected using the DLQI. 

Laboratory tests result including connective tissue disease (CTD) screen, urine and blood 

porphyrin testing and serum 25-hydroxyvitamin-D (25OHD) level were also performed. 

 Patient clinical assessment 

Patients attended the photobiology unit for four days. On the first day, a detailed 

clinical history was obtained by a specialist photodermatologist, with data collection 

including the patient’s age, sex, and Fitzpatrick skin type classification; past medical 

history included the age of onset of skin condition; lesion morphology and distribution; 

associated symptoms; and; number of episode per year seasonal variation. Additionally, 

family and occupation history. History of photoprotective measures used, such as window 

glass; sunscreen and whether the patients felt they were effective, was also included. 

Questions regarding the patient’s tendency to burn or tan provide an indication concerning 

skin type, and responses to more specific questions regarding the skin’s response to 

midday sun exposure in June without any sun protection measures were also collected. 

Patients were encouraged to bring photographs of their skin lesions on the first visit. 
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 Culprit drug 

Many patients were taking multiple medications, which, in some cases, included 

several potential photosensitisers. A comprehensive drug history, including both 

medications taken at the onset of symptoms and current medication and start and stop date, 

was collected. Particular attention was paid to the relationship between drug treatment start 

dates and the onset of the clinical symptoms. In addition to prescribed medicines, details of 

any over the counter and herbal remedies used were also gathered. In all cases, culprit 

drug, according to the analysis, was identified by the consultant photobiologist in the 

summary letter. 

 Follow-up 

Data from follow-up visits were also collected. Follow-up was usually within six 

months of phototesting, although longer intervals were also noted. This was considered as 

being enough time for any photosensitising drug effects to have worn off.  

 Photoinvestigation  

Photoinvestigation was performed over four days, including a variety of different 

phototesting methods: monochromator testing with narrow-band UVB, UVA, and visible 

radiation; solar-simulated radiation (SSR), and broadband UVA for provocation testing. In 

addition, photopatch testing for photocontact allergies to a series of known potential 

allergens was performed (Kerr et al., 2012). 

 Monochromator phototesting 

The patient’s upper back was exposed to a dose-series of different wavelengths of 

UVB, UVA, and visible light to determine the MED. Patients were exposed to different 

wavelength ; 300, 320, 330, 350, 370, 400, 500, and 600 nm (half-maximum bandwidth 5 

nm at 300 nm, 10 nm at 320 and 330 nm; 20 nm at all other wavelengths). Monochromator 

testing uses a 1KW xenon lamp coupled to a 0.25 mm grating monochromator (Newport 

Spectra-Physics Ltd, Didcot, UK). Irradiance was measured with a calibrated thermophile 

(Medical Physics, University Hospital of North Durham, UK) and a digital voltmeter 

(Medical Physics, Royal Liverpool University Hospital, Liverpool, UK  (Moseley et al., 

2009). 
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 Monochromator phototesting is a valuable tool to define the responsible action 

spectrum.The back is observed for 30–60 minutes following exposure for any evidence of 

an immediate urticarial response. The patient is then re-examined at 24 hours to evaluate 

the MED response. Finally, a comparison between the patient's MED and normal range 

was made, Table 2-1 Wavelengths and doses of UVR and visible radiation used in the 

determination of erythema thresholds, shown in Table 2-1. 

 

Table 2-1 Wavelengths and doses of UVR and visible radiation used in the determination 

of erythema thresholds in the Photobiology Unit at Salford Royal Hospital 

Wavelength 

nm 

(± Bandwidth) 

24 h response, J/cm2  

 

Sensitive range Normal range 

300 (5) 0.0018 / 0.0025 / 0.0035 / 0.005 / 0.007 / 

0.01 

0.014 / 0.02 / 0.028 / 0.04/ 0.08 

320 (10) 0.13 / 0.18 / 0.25 / 0.35 / 0.5 / 0.7 1 / 1.4 / 2/ 2.5 / 4 

330 (10) 0.31/ 0.44 / 0.63 / 0.9 / 1.3 / 1.8 / 2.5 3.5/ 5 / 7 / 10 / 14 

350 (20) 0.63 / 0.9 / 1.3 /1.8 / 2.5 / 3.5 /5 / 7 10 / 14 / 20/ 25 / 40 

370 (20) 1.8 / 3.5 / 7 /14 20 / 28 / 57 

400 (20) 3.5 / 7 / 14 / 28 40 / 57 / 113 

500 (20) 50  

600 (20) 50  
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 Provocation testing 

Broadband UVR provocation testing was performed for the assessment and 

confirmation of the photosensitive conditions. Patients received a single dose of solar-

simulated UVR and broadband UVA on 5 x 5 cm areas of the ventral aspect of the forearm 

on each of three consecutive days. The light sources used to perform the test were a solar 

simulator (1KW xenon arc lamp with atmospheric attenuation filter; Newport Spectra-

Physics Ltd), which was used to deliver a dose of 10 J/cm2 UVR (290–400 nm) per 

exposure, and broadband UVA lamps (320–400 nm); Cleo Performance™ bulbs (Phillips 

Healthcare UK Ltd. Guildford UK) using arm unit to deliver a dose of 15 J/cm2 per 

exposure. 

 Patch/photopatch testing  

In 2009, the test agents have been updated to involved 24 agents: 19 UVR filters, 5 

NSAIDs (Chemotechnique Diagnostics Vellinge, Sweden) (Kerr et al., 2012) and 

sunscreen products including patients’ own. A maximum of 30 agents with the potential to 

cause a reaction were applied. Day one a duplicate patch was applied to the mid-upper 

back skin for 24 hours, then one set was covered with a UVR-opaque material and the 

other set was irradiated with 5 J/cm2 of broadband UVA (320-400 nm; UVAL 801, Herbert 

Waldmann GmbH & Co. KG, Villingen-Schwenningen, Germany). 

 Using the International Contact Dermatitis Research Group (ICDRG) scoring 

system the skin was assessed pre-irradiation, immediately post-irradiation and 48-72 hours 

post-irradiation (Kerr et al., 2012). A positive photoallergic response is recorded if a 

positive reaction to a photoallergen and light is observed (Table 2-2). 

Table 2-2 Photopatch testing methodology using the International Contact Dermatitis 

Research Group (ICDRG) scoring system  

Reading Day 0 immediately 

after irradiation 

Day 1 Day 2 Day 3 Day 4 after 

irradiation 

 X X X ± ± 

X, essential readings; ±, desirable readings. ICDRG readings: ?+, doubtful reaction (faint 

erythema only); +, weak positive reaction (erythema, infiltration, possibly papules); ++, 

strong positive reaction (erythema, infiltration, papules, vesicles); +++, extreme positive 

reaction (intense erythema and infiltration and coalescing vesicles or a bulla); IR, irritant 

reaction; NT, Not tested. 

Adapted from (Bruynzeel et al., 2004)  
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 Dermatology Life Quality Index  

The DLQI is a validated questionnaire that has been used for dermatology 

conditions, although it not specifically designed for photosensitivity conditions(Finlay and 

Khan, 1994). The Photobiology Unit, Salford Royal NHS Foundation Trust, introduced the 

routine use of the DLQI questionnaire in 2011.  Two questionnaires were completed by 

patients reflecting on the impact of their condition over both the last week and the last 

year. The scores for each response were added together to provide DLQI scores out of 30 

for the last week and the last year. 

 Data analysis 

Patients’ data were collected and summarised in an Excel® spreadsheet. Simple 

descriptive statistics (mean, standard deviation, percentage) were calculated using 

Microsoft ® Excel® 2013. To minimise transcription error, data were independently 

checked by two photobiology doctors, a specialist registrar and a research clinician. 
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 Project 2: Prevalence and prediction of drug-induced photosensitivity in 

outpatient clinics (community) 

 Study design  

In this study, a modified version of the PLE prevalence questionnaire previously 

developed by Dr Tsui Chin Ling in her study of the prevalence and characteristics of PLE 

was used (Doctor of Medicine thesis degree, University of Manchester 2008). This 

questionnaire was developed with the expert input of Professor Lesley Rhodes, professor 

of experimental dermatology at the University of Manchester, and director of the 

Photobiology Unit at Salford Royal Hospital, Manchester, UK, and Professor Adele Green, 

professor of epidemiology at the QIMR Berghofer Medical Research Institute Brisbane, 

Australia. The questionnaire-based survey was performed at Salford Royal Hospital, 

Manchester from August 2018 to February 2019. Ethical approval was obtained from the 

West of Scotland Research Ethics Committee (Ref: 18/WS/0130).  

The study comprised a questionnaire-based survey of DIP. An anonymous 

questionnaire was used to ask the participants regarding their current medication and the 

effect of sun exposure on their skin. Initially, it was expected to collect data from the 

patient population attending the accident and emergency (A&E) department at Salford 

Royal NHS Foundation Trust, Manchester, UK. On review by the ethics committee, 

concerns were raised regarding the potentially vulnerable and distressed state of patients 

attending A&E departments. In light of these concerns, the target sample population was 

amended to the outpatient department, specifically the eye and the orthopaedics 

departments. Before use, the questionnaire was evaluated by a small number of volunteers 

to ensure it was understandable and easy to complete. 
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 Recruitment process  

For a period of six months, from September 2018 to February 2019, patients and 

their accompanying relatives/carers were approached in the outpatient waiting area at 

Salford Royal Hospital and invited to participate in the study by completing a face-to-face 

questionnaire.  

• The researcher introduced themselves to the participant, inviting them to take 

part in the study and taking care to inform them of the following: 

 ‘Before you decide whether to take part, it is important to understand the 

aims of this study and what it would involve for you. Please take your time to 

read the following information carefully and ask if anything is not clear or you 

would like more information’. 

• The study was defined as a survey of the prevalence of drug photosensitivity in 

the community. 

• If the participant decided to take part in the study, a participant information 

sheet and a one-page questionnaire were given by the researcher. It was also 

emphasised to potential participants that they can withdraw from the study at 

any time without giving a reason and if they do withdraw from the study, 

information gathered to that point may still be used in the research, but no 

additional information will be collected.  

• Participants were asked to complete the one-page questionnaire, which asks 

questions relating to symptoms of DIP and any current medications being taken. 

To characterise the group of respondents, demographic details, such as age, year 

of birth, and gender, were also collected.   

 Sample size 

An initial sample of 100 questionnaires was collected from participants, which were 

used to determine the overall study sample size required to estimate the prevalence of DIP 

as advised by our collaborating statistician. This estimation was then used to determine the 

sample size (i.e. number of patients approached) required to estimate prevalence within the 

community, which was anticipated to be no more than 1000.  
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 Inclusion criteria  

Males and females aged 40 years or older with the capacity to understand and 

complete the questionnaire. 

 Questionnaire  

The questionnaire comprises 13 questions on a single A4 page, figure 2-1. The 

subject was initially asked to provide basic demographic data (age and gender). The first 

question was designed to determine if the participant was taking any medications. If the 

subject answered no (were not taking medication), then they were not asked to complete 

any further questions. 

If the participant answered yes to question 1, they were then asked to list the 

medications they were taking to identify any potential photosensitising medications. 

Questions 2 (Imagine you go out in the sun for 30 minutes at midday in June in England 

without sunscreen, which best describes you?) and Questions 3 (What is/was your natural 

hair colour?) were used to provide an approximation of the sun-reactive skin type, allowing 

the identification of phenotypes which might or might not easily develop a sunburn-type 

response.  

Questions 4 (Do you get redness / a burning feeling on your skin after less than 10 

minutes in the sun which you do not think is normal sunburn?)  and Questions 5 (Do you 

get redness / a burning feeling on your skin after less than 10 minutes in the sun that is 

more severe than sunburn experienced by your friends and family?) were key questions in 

the identification of potential DIP, which is classically described as a red, burning sunburn-

type response occurring with minimal light exposure; an exaggerated sunburn response. A 

positive response to either of these two questions was designated a ‘possible case of DIP’. 

If the participants answered ‘no’ to both Questions 4 and 5, no further responses were 

required, and their participation was complete. Having determined that the participant 

reported an abnormal sunburn-type response (Q4 & Q5) and was taking medication (Q1), 

Question 6 (How old were you when the redness/burning feeling in the sun appeared for 

the first time?) was designed to discover whether this abnormal response started before or 

after they began taking the medication. An abnormal reaction observed after the 

commencement of medication would support a probable case of DIP, whereas an abnormal 

reaction before commencement would not. 
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Questions 7 (In spring/summer, is your redness/burning feeling), Questions 8 (On a 

sunny day, is your redness/burning feeling), Questions 9 (When you apply sunscreen 

before sun exposure, is your redness/burning feeling), and Questions 10 (When covered 

with clothing before sun exposure, is your redness/burning feeling) allow some estimation 

of the severity of the response and responses can be used to determine whether the 

‘possible DIP’ should be assessed as ‘probable DIP’. UVR is present all year round, albeit 

much less in winter than in summer. If the participants mentioned that the response was the 

same in winter and summer (Q7), this might suggest that they were very sensitive. 

Participants describing that they were better in summer than in winter may not have DIP. 

As with Question 7, Question 8 attempts to identify the degree of response to UVR 

exposure. Photosensitivity responses are classically worse on days with higher UVR levels 

(‘sunny days’), and participants with potential DIP might be expected to describe a more 

severe response on a bright day. Questions 9 and 10 attempt to determine how effective 

protective measures, such as sunscreens and clothing, were. Questions 11 (How soon after 

sun exposure does it take for the redness / burning feeling to appear?) and Questions 12 

(How long does the redness/burning feeling last for?) again provide potential information 

regarding the type of photosensitivity response. Phototoxic drug reactions typically involve 

a quicker response and tend to disappear faster while, with other photosensitivity responses 

and typical 'normal' sunburn, the response may be slower and last longer. Participants may 

have associated their new medication with an abnormal sunburn-type response, particularly 

if they had been made aware of potential photosensitivity reactions through the information 

leaflet provided with their medicine. Question 13 (Do you think the redness/burning 

feeling might be due to tablets or medicine that you are taking?) was designed to capture 

this information. 
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Figure 2-1 The questionnaire that had been used  in the second study 
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 Data analysis plan  

A scoring system was developed for participants answers to the questions to facilitate 

analysis. The first question was the leading question in the questionnaire, which, after 

excluding the ‘no medication’ responses, enabled us to distinguish between two 

participants categories, namely those who ‘possibly’ have drug photosensitivity versus 

those who are ‘unlikely to’ have it. If the participants answer yes to Question 1, that they 

are taking medication, we would ask them to list their medications. A search was then 

conducted for each drug, using PubMed® with the search terms ‘photosensitivity’ 

‘phototoxicity’ and ‘photosensit*. Further cross-referencing was done with the reviews by 

Moore et al.  (2002), Dufner et al. (2006), Drucker and Rosen (2011), Monteiro et al. 

(2016), Blakely et al. (2019), and Hofmann et al. (2020), (Moore, 2002, Dufner et al., 

2006, Drucker and Rosen, 2011, Monteiro et al., 2016a, Blakely et al., 2019, Hofmann et 

al., 2020). In order to allow groupwise comparisons of the subjects’ replies a simple coding 

system was developed under the guidance of a statistician Dr Elizabeth Marjanovic who is 

working in School of Biological Sciences division of Musculoskeletal & Dermatological 

Sciences, University of Manchester. Due to the large number of questionnaires completed 

and the range of potential replies, a clear and straightforward system to categorise 

responses was required. The classes were chosen to ensure that all answers were captured, 

enabling numerical analysis of their responses. The codes used for answers to Questions 2, 

3, 4, 5, 7, 8, 9, 10 and 13, are shown in Table 2-3. The data were then entered on an 

Excel© (Microsoft©) spreadsheet using the code number. 
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Table 2-3 Scoring system was developed for participants’ answers to the questions which 

were included in the questionnaire to enable data analysis  

 
Code 

 

Question 

 

1 

 

2 3 4 

2 
I always sunburn, I 

never tan 

I usually sunburn, 

I sometimes tan 

I seldom sunburn, 

I usually tan 

I never 

sunburn, I 

always tan 

3 Black / Dark brown Light brown Blonde Red / auburn 

4 Yes, I do currently Yes, in the past No Don’t Know 

5 Yes, I do currently Yes, in the past No Don’t Know 

7 Better Worse The same Don’t Know 

8 Better Worse The same Don’t Know 

9 Better Worse The same Don’t Know 

10 Better Worse The same Don’t Know 

13 Yes No     Don’t Know - 
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 Prevalence of drug-induced photosensitivity in 

patients undergoing photoinvestigation 

 Introduction 

Drug-induced photosensitivity is the reaction between sunlight and a specific 

chemical agent, leading to adverse cutaneous reactions. The DIP mechanisms, broadly 

attributable to phototoxicity and photoallergy, occur when photosensitising agents, such as 

systemic drugs or topically applied chemicals, absorb light at specific wavelengths (Reid, 

1996). The spectrum most commonly associated with drug photosensitivity is UVA 

radiation (320–400 nm). It is important to consider that in some cases, UVB radiation 

(wavelengths), visible light (wavelengths) or a mixture of different wavebands can induce 

drug photosensitivity (Diffey and Farr, 1988). Although natural sunlight is involved in 

DIP, artificial light can also cause significant reactions (Costagliola et al., 2008, Woollons 

et al., 1997). Artificial UVR sources may include fluorescent lights in offices and UVR 

lamps used for medical and aesthetic purposes (Fenton et al., 2012). Wide ranges of 

systemic treatments have been identified as photosensitisin. For example, the 

antiarrhythmic drug amiodarone; antipsychotic medication, such as chlorpromazine and 

thioridazine. In addition,  antibiotics such as; doxycycline, tetracycline, and nalidixic acid, 

hydrochlorothiazide in thiazide diuretic; nonsteroidal anti-inflammatory drugs, such as 

naproxen and piroxicam; and the antifungal drug voriconazole (Drucker and Rosen, 2011, 

Blakely et al., 2019). Although some progress has been made in developing laboratory-

based in vitro testing, there are no reliable cutaneous in vivo testing methods (Spielmann et 

al., 1994, Traynor et al., 2000, Monteiro et al., 2016a). Photosensitivity assessment, carried 

out at specialist centres, involves exposing the patients to defined spectral ranges of UVR 

and visible light, then examining the responses for patterns indicative of DIP. Repeat 

phototesting can be performed after the drug has been stopped for several months, to 

examine for improvement of photosensitivity. Exploring the link between the culprit drug 

and phototoxic reaction is an important step for patient management and to prevent drug-

induced side effects (Monteiro et al., 2016a). Management of DIP usually by; avoiding 

exposure to sunlight, applying photoprotective measures, such as sunscreen, protective 

clothing and stopping the culprit drug if that is possible (Ferguson, 2002). 
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The prevalence of DIP may be prone to underestimation due to a range of factors. 

First, lack of compulsory reporting, second, poor awareness of photosensitivity symptoms 

among both patients and clinicians, finally the complexity of accurately identifying which 

of a mixture of medication is the actual culprit (Moride et al., 1997, Salathé, 2016, van der 

Heijden et al., 2002). The photobiological characteristics of DIP associated with different 

classes of medication are inadequately described, and detailed information regarding the 

action spectrum rarely provided. In addition, several dermatological conditions have a 

profound effect on QoL. This study was a retrospective review of patients diagnosed with 

photosensitivity in the Photobiology Unit (Salford Royal NHS Foundation Trust) between 

2000 and 2016. This study aimed to (i) determine the prevalence of DIP among all 

diagnosed cases of photosensitivity, (ii) determine the most frequent culprit drugs causing 

DIP and explore for new emerging drugs, (iii) identify the clinical features of patients with 

DIP, (iv) provide typical phototest data for the most common photosensitising medications, 

and (v) determine the impact of DIP on QoL.  

.  
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 Results 

 Patient demographics 

A total number of 2,243 of patients underwent investigation in the photobiology unit 

from 2000–2016. Following the analysis of the patients’ data, the prevalence of DIP was 

noted in 122 patients (5.4%). Of the 122 patients, 64 were female (52.5%). The age range 

was 11 to 86 years, with a median age of 62 years. An analysis of skin types according to 

the Fitzpatrick classification revealed the following finding: skin type I (17.2%), II 

(39.3%), III (26.2%), IV (6.5%), and V (4.1%).  

 Culprit drugs 

The current study found that the commonest drug causing DIP in this patient cohort 

was quinine, which was reported 14 times (11.5% of all DIP). Another important finding 

was that DIP due to diuretic represented diuretics (10.7%; thiazide 9.8%) of all cases. 

Antifungal agents represented 9.8%, and 9.8% of cases were due to PPI. The detailed 

results of this study shown in Table 3-1. 

 

Table 3-1 Culprit drugs causing DIP in photobiology unit patients 2000–2016 

Different drug classes, individual drugs within each class, and the number of patients for 

which that class/drug was the suspected culprit 

Class Number of 

patients (%) 

Individual drugs within the class 

(number of patients) 

Antimalarial 15 (12.3%) Quinine (14) 

Hydroxychloroquine (1) 

Diuretic 

Thiazide diuretic 

13 (10.7%) 

12 (9.8%) 
 

Bendroflumethiazide (11) 

Hydrochlorothiazide (1) 

Indapamide (thiazide-like diuretic) (1) 

Antifungal 12 (9.8%) Voriconazole (11) 

Terbinafine (1) 

Proton pump inhibitor 12 (9.8%) Omeprazole (8) 

Lansoprazole (3) 

Rabeprazole (1) 
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Class Number of 

patients (%) 

Individual drugs within the class 

(number of patients) 

Angiotensin-converting 

enzyme inhibitors   

9 (7.4%) Enalapril (3) 

Lisinopril (2) 

Ramipril (4) 

Statins 7 (5.7%) Simvastatin (5) 

Atorvastatin (2) 

Selective serotonin 

reuptake inhibitor 

6 (4.9%) Fluoxetine (4) 

Sertraline (2) 

Anti-inflammatory drug 8 (6.6%) Ibuprofen (2) 

Naproxen (2) 

Mesalazine (2) 

Mefenamic acid (1) 

Sulfasalazine (1) 

Antibiotics 3 (2.5%) Ciprofloxacin (1) 

Dapsone (1) 

Tetracycline (1) 

Anti-epileptics 4 (3.3%) Carbamazepine (2) 

Phenobarbitone (1) 

Lamotrigine (1) 

Tricyclic antidepressants 4 (3.3%) Amitriptyline (2) 

Nortriptyline (2) 

Beta-blocker 3 (2.5%) Atenolol (2) 

Bisoprolol (1) 

Calcium channel blockers 4 (3.3%) Amlodipine (3) 

Diltiazem (1) 

Immunosuppressants  3 (2.5%) Azathioprine (3) 
 

Biologics 3 (2.5%) 
Etanercept (1) 

Infliximab (1) 

Denosumab (1) 

Angiotensin-II-receptor 

antagonists  

2 (1.6%) 
Candesartan (2) 
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Class Number of 

patients (%) 

Individual drugs within the class 

(number of patients) 

Retinoid 2 (1.6%) Isotretinoin (2) 
 

Other: 

drugs reported once 

13 (10.7%) 
Allopurinol, Amiodarone, Bumetanide, 

Clopidogrel, Colesevelam, Gold injection, 

Levothyroxine,  Metformin, Nicorandil, 

Parthenolide, Tamoxifen, Tamsulosin, 

Vitamin B12 
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 Clinical photosensitivity reactions of quinine  

DIP due to antimalarials class represented 12.3 %: quinine DIP was reported 14 

times (11.5%), and it was the commonest drug reported from this data. While 

hydroxychloroquine reported once. Further data analysis found that the age range for this 

drug was 40-85 years, and the median 68 years; ten out of 15 patients were male. Several 

clinical findings were reported; the most frequently described reactions were the 

photodistributed lichenoid eruptions and photosensitive eczematous reactions (Table 3.2). 

 

Table 3-2 Clinical photosensitivity reactions of antimalarial 

The clinical description of DIP reactions reported from the database in this study where 

quinine was the most frequent probable culprit drug in the antimalarial group 

Clinical response Age Sex Drug 

 

Photodistributed lichenoid drug eruption 75 M Quinine 

Photodistributed lichenoid drug eruption 75 M Quinine 

Photodistributed lichenoid drug eruption 66 F Quinine 

Photodistributed lichenoid drug eruption 63 M Quinine 

Photodistributed lichenoid drug eruption 85 M Quinine 

Photodistributed lichenoid drug eruption 75 M Quinine 

Photosensitive eczematous reaction 62 M Quinine 

Photosensitive eczematous reaction 74 M Quinine 

Photosensitive eczematous reaction with  

hypopigmentation and hyperpigmentation 

62 F Quinine 

Photosensitive eczematous reaction with 

telangiectasia 

40 M Quinine 

Sunburn-like reactions and telangiectasia 51 F Quinine 

Sunburn-like reactions 68 F Quinine 

Sunburn-like reactions 76 M Quinine 

Sunburn-like reactions 63 F Hydroxychloroquine 

Photosensitive eczematous reaction with  

hypopigmentation and hyperpigmentation 

71 M Quinine and tonic 

water 
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 Quinine phototesting results 

Phototesting revealed positive photoprovocation in response to broadband UVA in 

13 of 14 patients tested (93 %) and in 9 of 10 (90%) exposed to SSR. Of the 14 patients 

who underwent narrow band testing, 11 had reduced MED responses. In 5/11 (45.4%) 

patients, the lowest MED values were reported in the UVAII range (patient IDs 46, 50, 56, 

71 and 108), 2/11 (18.2%) in the UVAI range (patient IDs 92 and 109), with the remaining 

four (36.4%) patients (patient IDs 69, 84, 114 and 122). MEDs spanned UVAII and UVAI 

(Table 3-3). In ten out of 15 cases, quinine was identified as the single most likely culprit 

by the photobiology consultant, and discontinuation was recommended (Table 3-4). 

Although, it should be noted that most patients were taking a complex mixture of 

medications, with only one patient taking only quinine. Porphyrin screens were normal in 

all patients, two patients had raised autoantibodies, and 3/9 patients tested had raised IgE 

levels. Patch and photopatch testing were negative in all cases. Of the 12 patients where 

follow-up evaluations had taken place, five had complete resolution of their symptoms, 

four showed an improvement, symptoms were described as controlled in one case, and a 

further patient remained symptomatic. 
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Table 3-3 Quinine phototesting results 

Response provoked by broadband UVA, response provoked by solar simulator, abnormal 

MED and wavelength at which lowest MEDs were reported (nm) for patients with 

suspected quinine-induced photosensitivity 

Patient 

ID 

Response 

provoked by 

broadband 

UVA 

Response 

provoked by 

solar 

simulator 

Abnormal MED Wavelength at 

which lowest 

MEDs were 

reported (nm) 

2 Yes No No - 

35 No Yes No - 

46 Yes Yes Yes 330 

50 Yes Yes Yes 330 

56 Yes Yes Yes 330 

65 Yes Yes Data missing Data missing 

67 *NP *NP *NP *NP 

69 Yes Yes Yes 320-370 

71 Yes Yes Yes 330 

84 Yes Yes Yes 330-370 

92 Yes Yes Yes 400 

108 Yes *NP Yes 320 

109 Yes *NP Yes 350 

114 Yes *NP Yes 330-350 

122 Yes *NP Yes 320-350 

*Not performed 
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Table 3-4 Summary of medication taken by patients with suspected quinine-induced 

photosensitivity 

 Drugs name at the onset of symptoms, drugs name at the phototesting time, suspected 

culprit and name of the drug that had been stopped. 

Patient 

IDs 

Drugs being taken at 

the of onset symptoms 

Drugs being taken at the 

time of phototest 

appointment 

Suspected 

culprit 

Drug 

stopped 

2 Quinine, Gabapentin, 

Interferon Beta1-Alpha, 

Omeprazole, Premarin, 

Zapain 

Quinine, Gabapentin, 

Docusate, Interferon 

Beta1-Alpha, Omeprazole, 

Premarin, Trospium 

Chloride, Zapain 

Quinine 

Omeprazole 

Quinine 

35 Quinine, Amlodipine, 

Aspirin, Atorvastatin 

Gabapentin, Ibuprofen, 

Metformin 

Quinine, Amlodipine, 

Aspirin, Atorvastatin, 

Gabapentin, Ibuprofen, 

Metformin 

Quinine 

Atorvastatin 

Ibuprofen 

Quinine 

46 Quinine, Atorvastatin, 

Aspirin, Bisoprolol, 

Fexofenadine, 

Omeprazole, Ramipril 

Atorvastatin, Aspirin, 

Bisoprolol, Fexofenadine, 

Omeprazole, Ramipril 

Quinine Quinine 

50 Quinine, Atorvastatin, 

Prochlorperazine 

Quinine, Atorvastatin, 

Prochlorperazine 

Quinine Quinine 

56 Quinine, Aspirin, 

Diltiazem, Ferrous 

Sulphate, Gliclazide, 

Isosorbide, Lansoprazole, 

Loratadine, Metformin, 

Nicorandil, Simvastatin 

Quinine, Aspirin, 

Diltiazem, Ferrous 

Sulphate, Gliclazide, 

Isosorbide, Lansoprazole, 

Loratadine, Metformin, 

Nicorandil, Simvastatin 

Quinine Quinine 

65 Quinine, Omeprazole, 

Perindopril, 

Rosiglitazone, 

Simvastatin 

Quinine, Omeprazole, 

Rosiglitazone, Simvastatin 

Quinine Quinine 

67 Quinine Quinine, Allopurinol, 

Doxazosin, Gliclazide, 

Phyllostine, Ramipril 

Ranitidine, Simvastatin 

Quinine Quinine 
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Patient 

IDs 

Drugs being taken at 

the of onset symptoms 

Drugs being taken at the 

time of phototest 

appointment 

Suspected 

culprit 

Drug 

stopped 

69 Quinine, Amlodipine 

Clopidogrel, Doxazosin, 

Indapamide, Senna, 

Tiotropium, Simvastatin 

Quinine, Amlodipine 

Clopidogrel, Doxazosin, 

Indapamide, Senna, 

Tiotropium, Simvastatin 

Quinine Quinine 

71 Missing data Quinine, Ferrous sulphate, 

Folic acid, Omeprazole, 

Spironolactone 

Quinine Quinine 

84 Ciprofloxacin, 

Furosemide, Interferon 

Beta1-Alpha, Ribavirin 

Quinine, Citalopram, 

Hydroxyzine, 

Spironolactone Zopiclone 

Quinine Quinine 

92 Quinine, Loratadine, 

Premarin, Omeprazole 

Loratadine, Omeprazole, 

Premarin 

Premarin or 

Quinine 

Quinine 

108 Quinine, Atorvastatin, 

Tamoxifen, Ramipril 

Quinine, Atorvastatin, 

Tamoxifen, Ramipril 

Quinine or 

Ramipril 

Quinine 

109 Quinine, Aspirin, 

Griseofulvin 

Quinine, Aspirin, 

Griseofulvin 

Quinine Quinine 

114 Quinine, Amiloride, 

Bumetanide, Codeine, 

Gliclazide, Metformin, 

Paracetamol, Simvastatin, 

Spironolactone, Sulphate 

Valsartan 

Quinine, Amiloride, 

Bumetanide, Codeine, 

Gliclazide, Metformin, 

Paracetamol, Simvastatin, 

Spironolactone, Sulphate 

Valsartan 

Quinine 

Valsartan 

Bumetanide 

Amiloride 

Quinine 

Valsartan 

Bumetanide

Amiloride 

122 Quinine, Tamsulosin, 

Theophylline, 

Hydroxyzine 

Quinine, Irbesartan, 

Tamsulosin, Theophylline 

Hydroxyzine 

Quinine Quinine 
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 Clinical photosensitivity reactions of thiazide diuretic  

A total number of 13 cases (10.7%) reported as DIP were due to diuretic; thiazide 

was the probable culprit in 12 cases (9.8%), and indapamide reported once. Further 

analysis showed that the age range was 32–75 years and the median 54 years: ten out of 13 

patients were females. Clinically photosensitive eczematous reaction was the most 

frequently reported reaction, followed by sunburn-like reaction (Table 3-5). 

 

Table 3-5 Clinical photosensitivity reactions of thiazides 

The clinical description of DIP reactions reported from the database in this study where 

thiazides were the probable culprit drug 

Clinical reaction Age Sex Drug 

 

Photosensitive eczematous reaction 57 F Bendroflumethiazide 

Photosensitive eczematous reaction 45 M Bendroflumethiazide 

Photosensitive eczematous reaction 44 M Bendroflumethiazide 

Photosensitive eczematous reaction 45 F Bendroflumethiazide 

Photosensitive eczematous reaction 42 F Bendroflumethiazide 

Photosensitive eczematous reaction 32 F Bendroflumethiazide 

Photosensitive eczematous reaction 75 F Bendroflumethiazide 

Photosensitive eczematous reaction 54 F Bendroflumethiazide 

Sunburn-like eruptions 72 F Bendroflumethiazide 

Sunburn-like eruptions 55 F Bendroflumethiazide 

Sunburn-like eruptions 67 M Bendroflumethiazide 

Sunburn-like reaction and telangiectasia 58 F Indapamide 

Sunburn-like reaction  44 F Hydrochlorothiazide 
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 Thiazide phototesting results 

Details of medications taken by patients at the onset of their symptoms and at the 

time of diagnostic testing are shown in (Table 3-6). Two patients (62 & 68) had stopped 

taking the suspected culprit by the time of their diagnostic testing appointment 

(bendroflumethiazide or lisinopril and bendroflumethiazide or irbesartan, respectively). All 

patients were taking a complex range of medications except for patient 112 (co-amilozide: 

amiloride & hydrochlorothiazide). Although a further four patients were taking two drugs 

only (62, 68, 116 & 125), these were drugs associated with photosensitivity in two cases 

(68 & 125). Patients 62 & 116 were taking drugs additional to bendroflumethiazide that 

were not reported to be associated with photosensitivity. 

 

Table 3-6 Summary of medication taken by patients with suspected thiazide-induced 

photosensitivity. 

Drugs name at the onset of symptoms, drugs name at the phototesting time, suspected 

culprit and name of the drug that had been stopped 

Patient 

ID 

Drugs being taken at the 

onset of symptoms 

Drugs being taken at 

the time of phototest 

appointment 

Suspected culprit 

22 Bendroflumethiazide, 

Diltiazem 

Indapamide, Doxazosin, 

Fexofenadine 

Bendroflumethiazide 

45 Indapamide. Betahistine 

Clopidogrel, Fenofibrate, 

Irbesartan, Lansoprazole, 

Trimethoprim 

Indapamide, Betahistine, 

Buscopan, Clopidogrel, 

Fenofibrate, Irbesartan, 

Lansoprazole 

Clopidogrel, 

Fenofibrate, 

Indapamide, Irbesarta, 

Lansoprazole 

57 Bendroflumethiazide 

Bisoprolol, Isosorbide, 

Levothyroxine, 

Mebeverine, Mononitrate, 

Omeprazole, Senna, Zapain 

Bendroflumethiazide, 

Isosorbide, Mononitrate, 

Bisoprolol, Zapain, 

Levothyroxine, 

Mebeverine, 

Omeprazole, Senna 

Bendroflumethiazide 

61 Benzofluazide, Aspirin, 

Atenolol 

Irbesartan, Naproxen 

Benzofluazide, Atenolol, 

Irbesartan, Fluoxetine, 

NSAIDS, Zapain 

Thiazide, Fluoxetine. 

NSAID 
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Patient 

ID 

Drugs being taken at the 

onset of symptoms 

Drugs being taken at 

the time of phototest 

appointment 

Suspected culprit 

62 Benzofluazide, Lisinopril Bisoprolol, Losartan Benzofluazide 

Lisinopril 

68 Bendroflumethiazide, 

Irbesartan 

Mirtazapine, Pravastatin, 

Oxycodone 

Bendroflumethiazide 

 Irbesartan 

76 Bendroflumethiazide, 

Alendronic acid, 

Omeprazole, Losartan 

Bendroflumethiazide, 

Alendronic acid, 

Omeprazole, Losartan 

Bendroflumethiazide 

81 Bendroflumethiazide, 

Amlodipine 

Bendroflumethiazide 

Amlodipine 

Bendroflumethiazide 

104 Bendroflumethiazide 

Amitriptyline, Aspirin, 

Atenolol, Venlafaxine 

Bendroflumethiazide, 

Amitriptyline, Aspirin, 

Atenolol, Venlafaxine 

Bendroflumethiazide 

105 Benzofluazide, Fluoxetine, 

Frusemide, 

Nifedipine, Topiramate 

Benzofluazide, 

Fluoxetine 

Frusemide, Nifedipine, 

Topiramate 

Benzofluazide 

107 Benzofluazide, 

Amitriptyline Doxazosin, 

Losartan 

Benzofluazide, 

Amitriptyline, 

Doxazosin 

Benzofluazide 

Amitriptyline 

112 Co-amilozide (amiloride 

and hydrochlorothiazide) 

Co-amilozide (amiloride 

and hydrochlorothiazide) 

Hydrochlorothiazide 

116 Benzofluazide, Co-codamol Benzofluazide, Co-

codamol 

Benzofluazide 

125 Hydrochlorothiazide, 

Enalapril 

Aspirin, Cyclosporin, 

Ranitidine, Prednisolone 

Simvastatin 

Hydrochlorothiazide 

Enalapril 
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On phototesting, a positive response to broadband UVA provocation was observed in 

12 (92.3%)  patients. The response was described as mild in five cases (patient IDs 22, 

45,57,68 & 104), mild to moderate in one (patient 107), moderate in two cases (patients 61 

& 112), and moderate to severe in another case (patient116) (Table 3.7). An eczematous 

response was noted in two cases (patients 81 & 105). One response had been described by 

the clinical team as ‘definite’ in the results proforma. Eight patients underwent SSR 

provocation testing, with a reaction observed in seven (87.5%) patients. Of these seven 

positive cases, two responses were mild (patients 22, 62), two were moderate (patients 45 

& 57), one was moderate to severe (patient 61), one ‘definite’ (patient 76), and one 

eczematous (patient 81); narrowband monochromator testing showed reduced erythemal 

threshold in only three cases (patients 57, 81 &116) centred around the UVA wavelengths. 

In 8/14 cases, the thiazide was identified as the single most likely culprit by the 

photobiology consultant. Of the six patients where follow-up information was available, 

four were improving (patients 57, 62, 68 & 81), one’ symptoms had resolved (patient 22), 

and one remained symptomatic at 20 months (patient 61). IgE results were available in 

eight cases, of which four were raised, (two of these patients were known to be atopic). 

Porphyrin screens and autoantibody screens were negative in all cases. A further two 

patients had incidental findings of positive patch test responses to benzophenone three and 

octyl methoxycinnamate (patient 81) and their own sunscreen (patient 116). 
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Table 3-7 Thiazide phototesting results  

Response provoked by broadband UVA, response provoked by solar simulator, abnormal 

MED and wavelength at which lowest MEDs were reported (nm) for patients with 

suspected thiazide -induced photosensitivity 

Patient 

ID 

Response 

provoked by 

broadband UVA 

Response 

provoked by 

solar simulator 

Abnormal 

MED 

The wavelength at 

which lowest MEDs 

were reported (nm) 

22 Yes Yes No - 

45 Yes Yes No - 

57 Yes Yes Yes 330–350  

61 Yes Yes No - 

62 No Yes No - 

68 Yes No No - 

76 Yes Yes No - 

81 Yes Yes Yes 320–400  

104 Yes *NP No - 

105 Yes NP No - 

107 Yes NP No - 

110 No NP No - 

112 Yes Np No - 

116 Yes Np Yes 370  

125 No NP No - 

*Not performed  
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 Clinical photosensitivity reactions of antifungals 

A total of 11 cases were reported as DIP due to antifungal agents. Voriconazole was 

the probable culprit in ten cases and terbinafine was observed in one case. The age range 

was 59–80 years and the median 64 years. Five out of 11 patients were female. Clinically 

sunburn-like eruptions cheilitis were the commonest observed drug reactions (Table 3-8). 

 

Table 3-8 Clinical photosensitivity reactions of antifungals 

The clinical description of DIP reactions reported from the database in this study where 

antifungals were the probable culprit drug 

Clinical reactions Age Sex Drug 

 

Sunburn-like eruptions 61 M Voriconazole 

Sunburn-like eruptions 57 M Voriconazole 

Sunburn-like eruptions 72 F Voriconazole 

Sunburn-like eruptions 68 M Voriconazole 

Sunburn-like eruptions  67 M Voriconazole 

Sunburn-like eruptions and cheilitis 64 F Voriconazole 

Sunburn-like eruptions and cheilitis 66 M Voriconazole 

Sunburn-like eruptions and cheilitis 80 M Voriconazole 

Sunburn-like eruptions and cheilitis 59 F Voriconazole 

Sunburn-like eruptions and cheilitis 69 F Voriconazole 

Sunburn-like eruptions and multiple lentigines 

(pigmented lesions) 

62 M Voriconazole 

Sunburn-like eruptions  and multiple lentigines 

(pigmented lesions) 

59 F Terbinafine 
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 Antifungal phototesting results 

The range of medications taken by the 11 patients diagnosed with DIP linked to 

antifungal medications shown in (Table 3-9). In all cases, the photobiology consultant 

identified the antifungal drug as the single most likely causative agent, although, as with 

other drug-induced photosensitive patients, the majority were taking a complex range of 

drugs. Eleven of the 12 cases were linked to voriconazole and have been reported in part of 

a series published by the photobiology unit in 2013 (Haylett et al. 2013). The remaining 

single antifungal-associated reaction was linked to terbinafine (patient 100). Table 3-10 

summarises the results of phototesting; this revealed a positive provocation response to 

broadband UVA in 10 out of 12 cases (83.3%) with a negative response observed in 

patients taking voriconazole (patient 82) and terbinafine (patient 100). The response was 

described as mild erythema in the majority of cases with a moderate response reported in 

only a single patient (patient 70). SSR provocation testing was only performed in the 11 

patients taking voriconazole, with results mirroring those seen with broadband UVA (i.e., 

negative in patient 82), albeit a slightly greater number of responses described as moderate 

(patients 49, 70 & 80). Five patients had reduced narrow band erythemal thresholds 

(patients 49, 54, 58, 70 & 80), with 370 nm being the most frequent provoking wavelength. 

All narrowband responses were seen in patients taking voriconazole, and no abnormal 

response was seen in the patient taking terbinafine. Follow-up details were unavailable for 

the voriconazole patients as all had been discharged back to the referring respiratory 

consultant. The symptoms of the patient with terbinafine-associated photosensitivity were 

resolving. 
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Table 3-9 Summary of medication taken by patients with suspected antifungal-induced 

photosensitivity 

 Drugs name at the onset the of symptoms, drugs name at the phototesting time, suspected 

culprit and name of the drug that had been stopped 

Patient 

ID 

Drugs being taken at the 

onset of symptoms 

Drugs being taken at the time 

of phototest appointment 

Suspected 

culprit 

16 Voriconazole, Prednisolone, 

Lactulose, Senna 

Voriconazole, Prednisolone, 

Senna 

Voriconazole 

49 Voriconazole, Aspirin, 

Zapain Ramipril, Pravastatin, 

Naproxen 

Voriconazole, Aspirin, Ramipril, 

Pravastatin, Zapain 

Voriconazole 

54 Voriconazole, 

Levothyroxine, 

Simvastatin 

Voriconazole, Levothyroxine, 

Simvastatin 

Voriconazole 

58 Voriconazole, 

Carbocysteine, Metformin, 

Fludrocortisone, Lisinopril, 

Calcichew 

Voriconazole, Carbocysteine, 

Metformin, Fludrocortisone, 

Lisinopril, Calcichew, 

Doxycycline 

Voriconazole 

70 Voriconazole, Amitriptyline, 

Nifedipine, Lansoprazole 

Voriconazole, Ciprofloxacin, 

Spironolactone, Amitriptyline, 

Nifedipine, Co-codamol, 

Lansoprazole, Warfarin, 

Hydroxychloroquine, 

Levothyroxine 

Voriconazole 

74 Voriconazole, Flecainide, 

Omeprazole 

Voriconazole, Flecainide, 

Citalopram, Aspirin, Codeine, 

Azithromycin, Omeprazole 

Voriconazole 

78 Voriconazole, Aspirin, 

Atenolol, Pravastatin. 

Voriconazole, Aspirin, Atenolol, 

Pravastatin 

Voriconazole 

80 Voriconazole, Ciprofloxacin, 

Fluticasone 

Voriconazole, Ciprofloxacin, 

Fluticasone 

Voriconazole 

82 Ventolin, Zopiclone, 

Uniphyllin continus Quinine, 

Omeprazole, Candesartan, 

Bendrofluazide, Itraconazole 

Voriconazole, Zopiclone, 

Uniphyllin continus, Quinine, 

Omeprazole, Candesartan, 

Bendrofluazide 

Voriconazole 

85 Voriconazole, Ramipril 

Citalopram, Carbocisteine 

Voriconazole, Carbocisteine, 

Ramipril, Citalopram 

Voriconazole 

86 Voriconazole, prednisolone Voriconazole Voriconazole 

100 Terbinafine  Terbinafine 
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Table 3-10 Antifungal phototesting results 

Response provoked by broadband UVA, response provoked by solar simulator, abnormal 

MED and wavelength at which lowest MEDs were reported (nm) for patients with 

suspected antifungal -induced photosensitivity 

Patient 

ID 

Response 

provoked by 

broadband 

UVA 

Response 

provoked by 

solar simulator 

Abnormal MED The wavelength at 

which lowest 

MEDs were 

reported (nm) 

16 Yes Yes No - 

49 Yes Yes Yes 370 

54 Yes Yes Yes 370 

58 Yes Yes Yes 370 

70 Yes Yes Yes 320–350 

74 Yes Yes No - 

78 Yes Yes No - 

80 Yes Yes Yes 370 

82 No No No - 

85 Yes Yes No - 

86 Yes Yes No - 

100 No *NP No - 

*Not performed  

 

 

  



106 

 

 Clinical photosensitivity reactions to proton pump inhibitor 

A notable finding in this data was that PPI was a probable culprit in 12 cases: in eight 

cases omeprazole, three cases lansoprazole, and one case rabeprazole. Data analysis 

showed that nine patients were male. The median age was 59 years, while the age range 

was 37–75 years. Sunburn-like reactions and photosensitive eczematous reaction were the 

most recognisable reactions (Table 3-11). 

 

Table 3-11 Clinical photosensitivity reactions of proton pump inhibitor 

The clinical description of DIP reactions reported from the database in this study where 

proton pump inhibitors were the probable culprit drugs 

Clinical reaction 

 

Age Sex Drug 

Sunburn-like reactions 61 M Omeprazole 

Sunburn-like reactions 65 M Omeprazole 

Sunburn-like reactions 40 F Omeprazole 

Sunburn-like reactions 63 F Omeprazole 

Sunburn-like reactions 59 M Omeprazole 

Sunburn-like reactions 48 F Omeprazole 

Photosensitive eczematous reaction 62 M Omeprazole 

Photosensitive eczematous reaction 72 M Omeprazole 

Photosensitive eczematous reaction 45 M Lansoprazole 

Photosensitive eczematous reaction 61 M Lansoprazole 

Sunburn-like reactions 41 M Lansoprazole 

PLE exacerbated reaction 37 M Rabeprazole 
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  Proton pump inhibitor phototesting results 

Table 3-12 details the range of medications taken by the 12 patients in whom PPIs 

were identified as a likely cause of the photosensitivity. The majority of patients were 

taking a complex range of medications, except for two patients, 37 & 79, who were taking 

omeprazole and rabeprazole, respectively. In six cases (patients 17, 21, 27, 37, 79 & 106), 

a PPI was identified as the single most likely culprit. Phototesting showed a positive 

response to broadband UVA and SSR in all cases tested. Reduced narrow band MED 

thresholds were observed in only three individuals (patients 21, 94 & 106), at wavelengths 

in the UVA II range. (320–330 nm) (Table 3-13). Two of the 11 patients tested had 

abnormal autoantibody results (patients 33 & 94), with raised DNA 250 (patient 33) and 

ANA positive 1:1000 speckled (patient 94). Interestingly, patient 94 was also reported to 

have a weakly positive porphyrin screen response at 622 nm, although a diagnosis of 

porphyria appears to have been discounted by the photobiology consultant. IgE levels were 

available for eight patients, out of whom two had raised levels (patients 33 & 63). A co-

incidental finding of a contact allergy to the UVR filter methylene bis-benzotriazolyl 

tetramethyl butylphenol (Tinasorb M) was also reported (patient 21). Out of six patients 

whose follow-up details were available, two were unable/unwilling to stop their use of 

PPIs, two remained symptomatic, one was improving, and symptoms had resolved in one 

case. 
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Table 3-12 Summary of medication taken by patients with suspected proton pump 

inhibitor-induced photosensitivity 

Drugs name at the onset the of symptoms, drugs name at the phototesting time, suspected 

culprit and name of the drug that had been stopped 

Patient 

ID 

Drugs being taken at the onset 

of symptoms 

Drugs being taken at the 

time of phototest 

appointment 

Suspected 

culprit 

17 Omeprazole, Ibuprofen Omeprazole Omeprazole 

18 Lansoprazole, Mesalazine Lansoprazole, Mesalazine Lansoprazole 

or Mesalazine 

21 Omeprazole, Felodipine Ramipril, Levothyroxine, 

Aspirin 

Omeprazole 

23 Lansoprazole, Felodipine, 

Aspirin, Irbesartan, Atorvastatin, 

Fluoxetine 

Lansoprazole, Aspirin, 

Felodipine, Irbesartan, 

Atorvastatin, Fluoxetine 

Lansoprazole 

or Aspirin 

 

27 Omeprazole, Fexofenadine Fexofenadine, Omeprazole Omeprazole 

33 Omeprazole, Doxycycline 

Metformin, Glibenclamide, 

Pioglitazone, Bisoprolol, 

Lisinopril, Aspirin, Simvastatin, 

Isosorbide, Nicorandil 

Omeprazole, Doxycycline, 

Metformin, Glibenclamide, 

Pioglitazone, Bisoprolol 

Lisinopril, Aspirin, 

Simvastatin, Isosorbide, 

Nicorandil 

Omeprazole 

Nicorandil 

Isosorbide 

 

37 Omeprazole Omeprazole Omeprazole 

63 Omeprazole, Aspirin, 

Atorvastatin, Metformin, 

Procoralan, Venlafaxine 

Omeprazole, Aspirin, 

Atorvastatin, Duloxetine, 

Metformin, Nifedipine, 

Procoralan, Promazine, 

Liraglutide, Clopidogrel 

Atorvastatin or 

Omeprazole 

 

79 Rabeprazole Rabeprazole Rabeprazole 

94 Omeprazole, Ciclosporin, 

Enalapril, Pravastatin, 

Furosemide 

Omeprazole, Ciclosporin, 

Doxazosin, Enalapril, 

Pravastatin, Furosemide, 

Mycophenolate, Amlodipine 

Omeprazole 

Enalapril 

Frusemide  

or Amlodipine 

 

106 Omeprazole, Bendrofluazide, 

Candesartan, Doxazosin 

Omeprazole, Candesartan, 

Doxazosin 

Omeprazole 
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Table 3-13 Proton pump inhibitor phototesting results  

Response provoked by broadband UVA, response provoked by solar simulator, abnormal 

MED and wavelength at which lowest MEDs were reported (nm) for patients with 

suspected proton pump inhibitor induced photosensitivity 

Patient 

ID 

Response 

provoked by 

broadband UVA 

Response 

provoked by 

solar simulator 

Abnormal 

MED 

The wavelength at 

which lowest MEDs 

were reported (nm) 

17 Yes Yes No - 

18 Yes Yes No - 

21 Yes Yes Yes 320  

23 Yes Yes No - 

27 Yes Yes No - 

33 Yes Yes No - 

37 Yes Yes No - 

63 Yes Yes No - 

79 Yes Yes No - 

94 Yes Yes Yes 330  

106 Yes *NP Yes 320  

*Not performed  
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 Dermatology Life Quality Index findings 

The one-page validated DLQI questionnaire was used to assess the effect of DIP on 

patients’ QoL, although it is not specific for photosensitivity conditions. The DLQI 

questionnaire had been routinely used in photoinvestigation since 2011. Hence, the DLQI 

questionnaire had been completed by 54 patients (for the past week) and 58 patients (for 

the last year). Summary data shown in Table 3-14. DLQI for the past week was reported as 

follows: the effect on the QoL was moderately large impaired in 13/54 patients (24%), 

very large impaired in 12/54 patients (22%), and extremely large impaired in two patients 

(2/54; 3.7%). The DLQI scores for the past year showed greater impacts. The effect on the 

QoL was found to be moderately large impaired in 23/58 patients (40%) and very large 

impaired in 19/58 (32%), while 11/58 (19%) indicated an extremely large impact on the 

QoL. 

Table 3-14 DLQI data 

The number of patients performed DLQI (past week/past year), the median of DLQI score, 

percentage of patients with DLQI >10 and patient age (mean and range) 

DLQI Number of 

patients who 

completed the 

questionnaire 

Median of 

DLQI score 

(Range) 

Percentage of 

patients with 

DLQI >10 

 

Age (years) 

DLQI for the 

past week 

54 6 

(0-29) 

59% 

 

Mean: 59.5 

Range; 11–86 

DLQI for the 

past year 

58 11 

(2-27) 

65% Mean: 58.9 

Range: 11–86 
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 Discussion 

This study found that the prevalence of DIP was 5.4% in patients attending for 

photoinvestigation. In this study, female patients represented 52.5%, with ages ranging 

from 11–86 years (median 62 years). Further data analysis showed that sun-reactive skin 

types were as follows: I (17.2%), II (39.3%), III (26.2%), IV (6.5%), and V (4.1%). Closer 

inspection of culprit drugs revealed that four drug categories were the most common 

causes of DIP and were responsible for 44% of cases. Quinine-induced photosensitivity 

represented 11.5% and diuretic represented 10.7% (thiazide 9.8%). An important finding 

was that DIP due to antifungals represented 9.8%, and the most interesting finding was that 

PPIs represented 9.8% of DIP cases. 

The DLQI questionnaire was used to evaluate the impact of DIP on QoL; patients 

were asked to reflect on the impact of their condition over the past week and past year. The 

DLQI for the past week was completed by 54 patients and showed that the effect of DIP on 

QoL was moderately large impaired in 24% of responders, very largely impaired in 22%, 

and extremely large impairment in 3.7%. The DLQI for the past year was completed by 58 

patients and showed that 40% believed that their condition moderately large impaired their 

QoL; very large impairment was reported in 32% of patients, and 19% noted an extremely 

large impairment on their QoL.  

 Reporting of drug photosensitivity 

Estimation of the prevalence of DIP is fundamentally vital for several reasons, 

including the development of an appropriate patient-focused healthcare plan, improving 

the clinician’s knowledge of the condition leading to improvement in disease diagnosis 

(potentially leading to a resolution of the patient's photosensitivity), and, finally, 

identifying the burden of the disease on the community (Ward, 2013). Prevalence estimates 

from this study may well be an underestimate due to the dependence of the estimate on the 

numbers of patients being referred. Only a few photobiology test centres exist in the UK. 

Referral relies on GPs recognising a potential photosensitivity disorder and being aware of 

the availability of testing facilities. Furthermore, patients often have to be prepared to 

travel large distances, and the impact of the latter can be seen in the relatively high 

numbers who did not attend their follow-up appointments.  
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 Quinine 

Quinine was reported to be the culprit drug in 14 cases (11.5%) in this data set. 

Quinine has been used to treat malaria and muscle cramps, and is also added to soft drinks, 

such as tonic water (El‐Tawil et al., 2015, Shanks, 2016). It has been reported that quinine-

induced photodamage to cellular DNA is through the production of singlet oxygen and/or 

free radicals (Moore and Hemmens, 1982, Spikes, 1989). It has been reported to induce 

both photoallergic and phototoxic reactions (Ferguson et al., 1987). The action spectrum of 

quinine-induced photosensitivity patients has been reported to lie in the UVA range (Wolf 

et al., 1987). 

In a search of the literature for quinine-induced photosensitivity, several reports were 

identified (Appendix 1). Comparison with published case reports revealed almost similar 

age distribution, reported data from this study: median 68 years, range (40–85 years) 

versus literature data set: median 62 years, range (38–84 years). The data presented here 

show a higher male: male ratio than in the literature (10 M: 5 F versus 16 F: 10 M, 

respectively), but this may simply reflect differences in prescribing practices regionally 

and internationally.  

Quinine can induce different photo-adverse reactions: sunburn-like reactions, 

including photodistributed erythema and oedema (Ferguson et al., 1987); altered skin 

pigmentation (Wahlberg and Boman, 1981); and eczematous eruptions (Delmas and 

Plantin, 1995a, Ljunggren and Sjövall, 1986, Liunggren et al., 1992). Lichenoid reaction 

and photo-onycholysis have also been reported (Ferguson et al., 1987, Dawson, 1986, 

Thomas and Munro, 1986, Tan et al., 1989). In comparison to these findings, this study 

revealed that the most common reactions were photodistributed lichenoid drug eruptions 

and photosensitive eczematous reactions.  

The results demonstrate sensitivity to UVA in patients, with the majority responding 

to broadband UVA and SSR testing. Narrowband testing identified UVAII as key 

wavelengths in 45% of patients. Quinine has an absorption range of between 300 and 350 

nm, peaking at 330 nm in water or phosphate-buffered saline (Aloisi et al., 2007). In a 

biological environment, this might be predicted to undergo a redshift to longer 

wavelengths, and in vivo case reports of narrowband testing have shown reduced 

thresholds at a range of wavelengths. Ferguson et al. (1987) reported four cases with 

thresholds reduced at 335–365 nm, 305–430 nm, and 305–365 nm (Ferguson et al., 1987). 
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Similarly, Diffey et al. (1988) reported three cases with reduced thresholds at 330–370 nm, 

320–370 nm, and 320–370 nm (Diffey et al., 1988). 

 Diuretics 

Photosensitivity reactions to diuretics were observed in 13 cases in this study 

(10.7%), where thiazide diuretics were the most reported drug 12 cases (9.8%). Diuretics 

are a group of medications that are often used to treat hypertension; thiazides are the most 

common drug in this group. Thiazide photosensitivity reactions have been reported since 

shortly after the drug was introduced to the market in the 1950s and had been reported as 

one of the most frequent causes of photosensitivity reactions (Selvaag and Thune, 1997, 

Harber et al., 1959a). The skin reaction can present clinically as severe sunburn reactions 

or lichenoid skin lesions. In addition, chronic eczematous photosensitivity can persist for 

months to years, even after the withdrawal of the causative drug (Robinson et al., 1985; 

Addo et al., 1987, Johnston and Coulson, 2002). The action spectrum responsible for 

inducing DIP by hydrochlorothiazide appears to be wavelengths in the UVA range 

(Torinuki, 1980). 

In a search of the literature, several cases of thiazide-induced photosensitivity were 

found; these cases are summarised (Appendix 2). The median age of patients at symptom 

onset was lower in our patients than in the case reports reviewed (median 68: range 42–77 

years versus median 54: range 32–75 years in our data); however, this may, again, simply 

reflect prescribing and referral patterns.  

The data in this study observed DIP in ten females compare with 64 cases from the 

literature (34 females and 29 males). However, the prevalence of thiazide-induced 

photosensitivity is rarely described in the literature, with most of the reports presented as 

case reports (Gómez-Bernal et al., 2014). Clinical observation in this study revealed that 

photosensitive eczematous reaction and sunburn-like eruptions were the most common 

photosensitive skin reactions. Some studies have reported that hydrochlorothiazide can 

cause photosensitivity with features of SLCE; however, this was not observed in any 

patients in this study (Darken and McBurney, 1988, Parodi et al., 1989, Brown and Deng, 

1995, Srivastava et al., 2003). 
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Of the patients taking bendroflumethiazide, the majority (n = 8) showed normal 

erythemal thresholds on narrowband testing, and, where the thresholds were reduced (n = 

3), UVA was the key wavelengths. Broadband UVA testing similarly provoked abnormal 

responses in the majority of those tested (n = 10). Although thiazide diuretics are 

associated with photosensitivity, clinical studies or case reports are rare, particularly 

concerning bendroflumethiazide, which the majority (11) of our patients were taking.  

Addo et al. (1987) report UVA sensitivity in a patient taking bendroflumethiazide 

(Neo-naclex) in addition to the thiazide diuretic Moduretic (amiloride and 

hydrochlorothiazide), cyclopenthiazide, and the antidepressant amitriptyline. In a second 

case, Addo et al.(1987) reported both UVB and UVA sensitivity in a patient taking 

bendroflumethiazide (Neo-naclex) in addition to captopril, diazepam, and methyldopa 

(Aldomet) (Addo et al., 1987).  

The largest study, by Diffey et al. (1989), tested 13 patients for sensitivity to 

narrowband UVB and UVA before and after a 2-week course of bendroflumethiazide 

(Diffey and Langtry, 1989). No abnormal MED results were reported, although a relative 

reduction in MED was observed. These results suggest a sensitivity to broadband UVA, 

with abnormal responses to narrowband testing being more unusual. Interpretation was 

complicated by the complex range of medicines being taken. Two patients who were 

taking hydrochlorothiazide did not show reduced narrow band thresholds, and only one 

was provoked by broadband UVA, although it should be noted the latter was a rare case of 

a patient taking only a single drug. Hydrochlorothiazide has been associated with UVA 

sensitivity in two-single case studies (Torinuki, 1980; Harber et al. 1959). Addo et al. 

(1987) also reported a case series of 18 patients taking Moduretic (hydrochlorothiazide and 

amiloride) reporting abnormal (Addo et al., 1987). 

Narrowband testing in 13 of the 15 tested. Diffey et al. (1989) detailed nine patients 

who underwent narrowband testing, reporting normal MEDs in all cases (Diffey and 

Langtry, 1989). A single case of indapamide-associated photosensitivity was seen, which, 

similar to bendroflumethiazide and hydrochlorothiazide was associated with broadband 

UVA sensitivity. Indapamide-induced photosensitivity has only been reported as a single 

case study of light-induced onycholysis (Rutherford & Sinclair 2007). 
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 Voriconazole 

Reactions were observed 11 times in our data (9.8%). Voriconazole is a second-

generation triazole antifungal drug that is used to treat various fungal infections, such as 

invasive aspergillosis, oesophageal candidiasis, and serious candida infections (Health, 

2017, Patel et al., 2019). Photosensitivity is the second most commonly reported side-

effect for voriconazole (Boyd et al., 2004). The action spectrum responsible for inducing 

photosensitivity reaction is UVA (Haylett, Felton et al. 2013). A comparison of patients’ 

gender in this study to the literature showed that these were similar, namely 7 M: 5 F 

versus 64 M: 54 F, respectively. The cases seen in Manchester were referred from the 

National Aspergillosis Centre, which is based in Manchester. 

 A comparison of age groups with the published case reports reveals different age 

distributions (range: 4–86 versus range 59–80 years in our data), and it is difficult to 

calculate the age median from the reported cases in the literature due to lack of information 

in some of these studies. 

Clinically, sunburn-like eruptions and cheilitis were the most commonly reported 

cutaneous reaction in our patients, while the clinical images from the literature showed 

several phototoxicity reactions, such as photodistributed erythema, pseudoporphyria, and 

actinic cheilitis (summarised in Appendix 3) (Denning and Griffiths, 2001, Tolland et al., 

2007). In addition, severe adverse skin reactions, such as Stevens-Johnson syndrome and 

toxic epidermal necrolysis, have been reported (Curigliano et al., 2006, Saravolatz et al., 

2003). Furthermore, it has been reported that immunocompromised patients have an 

increased tendency to develop squamous cell carcinomas (SCC) and melanoma in situ 

(Cowen, Nguyen et al., 2010; Miller, Cowen et al., 2010). Itraconazole is another of the 

triazole group that has been linked to photosensitivity (Alvarez‐Fernández, Castaño‐Suárez 

et al., 2000). Similarly, ketoconazole, of the imidazole group of antifungals, has been 

associated with phototoxic dermatitis (Mohamed, 1988).  

Photosensitivity was confirmed in the majority of patients in this study with the use 

of broadband UVA or SSR radiation. There have been several reports of photosensitivity 

associated with voriconazole (Abdel-Haq et al., 2014, Bernhard et al., 2012), although the 

underlying mechanism is still unknown. It has been suggested that a metabolite of 

voriconazole may be responsible (Epaulard et al., 2011). Alternatively, increased retinol 

levels have also been suggested as a possible cause (Denning and Griffiths, 2001). 
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The single patient diagnosed with terbinafine-associated photosensitivity did not 

show any positive responses to testing, with normal ANA results also reported. The 

majority of reports of terbinafine-associated photosensitivity describe drug-induced SCLE 

(Fabbri et al., 2003, Ramachandran et al., 2017). 

However, Kuo et al. (2014) described a case of suspected terbinafine-induced solar 

urticaria with sensitivity to UVB (Kuo and Sivamani, 2014). Spiewak et al. (2010) 

reported a case of terbinafine-associated photoallergy with a positive photocontact 

response (UVA) two months after the patient had stopped their course of terbinafine 

(Spiewak, 2010). The patient did not show any positive responses to testing, but this was 

reported as likely due to terbinafine treatment being stopped before the patient could be 

tested. 
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 Proton pump inhibitors 

This retrospective study revealed that PPIs were reported as the likely culprit drug in 

12 cases (9.8%). PPIs are a group of medications consisting of omeprazole, lansoprazole, 

pantoprazole, rabeprazole, esomeprazole, and tenatoprazole. Omeprazole, introduced in the 

year 2002, was the first commercially available PPI. This medication can inhibit the proton 

pump function (H+/K+ ATPase) and works as a gastric acid suppressor (Richardson, 

Hawkey et al. 1998). A search of the literature revealed that SCLE has been reported as an 

adverse drug reaction of PPI (Appendix 4). SCLE, a subtype of cutaneous lupus 

erythematosus with limited systemic involvement, clinically manifests as erythematous 

scaly plaques or psoriasiform papulosquamous lesions (Lowe et al., 2011). Photoallergic 

dermatitis with multiple pruritic erythematous skin lesions in a female patient after 

treatment with 40 mg of esomeprazole has also been reported (Shukla, Mahapatra et al. 

2010). In contrast, the data from our study reported that sunburn-like reactions and 

photosensitive eczematous reaction were the most common adverse drug reactions. 

In comparison, the median age of symptom onset reported in the literature was 63 

years versus 59 years in this study. The age range was 37–65 years in this data versus 30–

85 in the literature. We observed DIP in eight males and four females versus 16 females 

and three males in literature. However, this may simply reflect the relatively low number 

of patients in both this and previous studies.  

Broadband UVA and SSR successfully provoked a response in all the patients 

diagnosed with PPI-associated photosensitivity. PPIs have been principally associated with 

case reports of drug-induced SCLE (Almebaydh, 2013; Bracke, 2004; Dam, 2007; 

Messeguer, 2011; and Panting 2009) or Discoid lupus erythematosus (DLE) (Corriea 

2001), with photosensitivity specifically mentioned in only 15 of the 32 drug-induced 

SCLE/DLE cases described. The cases of PPI-induced photosensitivity described here 

were not associated with SCLE-like symptoms, rather a frank photosensitivity response. A 

search of PubMed® revealed only a single case of PPIs associated with photosensitivity 

without the development of lupus; a report of esomeprazole associated with 

photosensitivity (Shukla et al., 2010). 
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The majority (8) of the 12 patients detailed here were taking omeprazole, three were 

taking lansoprazole, and a single patient was taking rabeprazole. No cases of 

photosensitivity associated with omeprazole or lansoprazole could be found in the 

literature; the manufacturer is describing symptoms of photosensitivity as rare (between 

1:10,000 and 1:1000). It is interesting to note that in the case of rabeprazole, the 

manufacturer does not list photosensitivity as a potential side effect. 

 Drug chemical structures 

Exploring the molecular structures of drugs can lead to the identification of drugs 

with potential photoactivity for susceptible patients. However, if the drug is not in a closely 

related group, it is not necessarily possible to create a relationship between chemical 

structure and photobiological activity. For a drug to be regarded as a photosensitiser, it 

must absorb ultraviolet and/or visible radiation. The interaction between the drug and light 

leads to the generation of an excited state which in turn generates free radicals/superoxide 

anions (type I reaction) or singlet oxygen (type II reaction) (Aloisi et al., 2007, Schuch et 

al., 2017). The interaction between these ROS and their local microenvironment causes 

damage to critical cell components leading to a phototoxic response. A typical 

photosensitising drug would absorb UVR or visible radiation at wavelengths that can 

penetrate the skin, leading to the generation of high amounts of ROS that would then 

interact with other molecules, such as proteins (Hawkins et al., 2009), DNA (Lee and 

Kang, 2019) and lipids (Itri et al., 2014). Certain chemical structures are known to be more 

photolabile (susceptible to change on interaction with light), such as aromatic compounds 

(ring-shaped planar molecule) molecules that are conjugated with double bonds containing 

nitrogen, sulphur or oxygen, and drugs with chlorine substituents (Tamat and Moore, 

1983). Of the DIP causative agents from our study quinine, thiazide, voriconazole, and PPI 

all fulfil the structural requirements of a potential photosensitizer (Table 3-15). 
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Table 3-15 Drug chemical structures 

This table shows the chemical structures of drugs reported to induce photosensitivity in our 

data, namely: quinine, bendroflumethiazide, voriconazole, and omeprazole 

Drug name Chemical structure 

 

Quinine 

 

Bendroflumethiazide 

 

Voriconazole 

 

Omeprazole 
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Chlorine-containing drugs, such as hydrochlorothiazide, bendroflumethiazide, and 

quinine have aromatic chlorine substituent in their structure, which makes drugs in this 

group photoactive. Hydrochlorothiazide is one of the most frequently used diuretics and 

has been widely reported to induce DIP (Johnston et al., 2002, Gómez-Bernal et al., 2014, 

Blakely et al., 2019).  

Bendroflumethiazide is another thiazide diuretic drug with a mechanism of action 

similar to hydrochlorothiazide (Duarte and Cooper-DeHoff, 2010, Shahin and Johnson, 

2016). Irradiation of chlorine-containing drugs (designated as Aryl-Cl) causes photo-

ionisation and bond dissociation (Tamat and Moore, 1983, Moore and Hemmens, 1982). 

Photo-ionisation is a process that leads to the formation of an ion by the physical 

interaction of a photon with an atom or molecule. Furthermore, the photolysis of these 

drugs in aqueous or alcoholic (R-OH) solutions leads to the liberation of hydrogen chloride 

(HCl) resulting in substitution (Aryl-OR) reduction (Aryl-H) of the original compound. 

Chlorine-containing drugs, such as hydrochlorothiazides have been shown to undergo 

photodechlorination to yield singlet oxygen when photolysed (Tamat and Moore, 1983).  

Voriconazole’s chemical structure contains several elements that can play a 

significant role in drug photosensitivity, including heterocyclic and polycyclic ring 

structures and halogenic residues. However, most azoles share the same characteristics and 

few adverse drug reactions have been reported when compared with voriconazole 

(Epaulard et al., 2011). The principal mechanisms for voriconazole-induced 

photosensitivity are yet unclear. It has been hypothesised that metabolites of voriconazole 

are photoactive and can absorb UVR and produce DIP. Hepatic metabolism of 

voriconazole occurs via P450 isoforms leading to eight major metabolites, the principal 

metabolite being N-oxide (Roffey et al., 2003, Alffenaar et al., 2010, Epaulard et al., 

2011). Furthermore, it has been suggested that the N-oxide metabolite of voriconazole is 

responsible for phototoxic adverse reactions following absorption of UVB (range 290–340 

nm) and UVC (range 235–290 nm) (Murayama et al., 2007). Voriconazole may, therefore, 

induce cellular DNA damage or interfere with its repair and this could lead to the clinical 

features of DIP (Haylett et al., 2013). Voriconazole further inhibits the production of 

cytochrome P450 enzyme; consequently, retinoid levels are elevated. Increased plasma 

level of all-trans-retinal has been reported in blood samples of patients who had facial 

erythema and cheilitis (Denning and Griffiths, 2001, Van Wauwe et al., 1990).  

https://en.wikipedia.org/wiki/Photon
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All PPIs have similar chemical structures, which are pyridine- and benzimidazole 

derivatives containing a sulphur moiety. PPIs are pro-drugs that needs to be activated by 

stomach parietal cells to the chemically active form: tetracyclic planar sulphonamide 

(Sachs et al., 1993). Metabolism of omeprazole leads to its main metabolites: sulphone, 5-

hydroxy- and 5-O-desmethyl omeprazole.  

Furthermore, all PPIs have a broadly similar mechanism of action with metabolism 

in the liver via cytochrome P450 isoforms, CYP2C19, and CYP3A4 (Stedman and 

Barclay, 2000, Äbelö et al., 2000). Searching the literature, few cases of photoallergic 

dermatitis were identified following PPI administration (Ricciardi et al., 2003, Dam and 

Bygum, 2008, Shukla et al., 2010). The mechanism by which PPIs induce photosensitivity 

has not yet been studied; however, it has been suggested that the sulphur moiety, common 

to all PPIs, may be responsible for this reaction (Shukla et al., 2010).  
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 Dermatology Life Quality Index  

Determining the impact of a disease on QoL is an important aspect in the 

dermatology field for many reasons. Firstly, skin disease has a significant impact on a 

patient’s social life and psychological status. Secondly, QoL scores and physical 

assessment can be used to assess treatment efficacy (Drucker et al., 2017, Nagpal et al., 

2019, Tribó et al., 2019).  

A recent comprehensive review of the impact of photosensitivity on QoL reported a 

‘very or extremely large (DLQI > 10) impact in approximately one-third of adult surveys, 

in addition, level of anxiety and depression was reported to be double of U.K healthy 

population (Walburn and Sarkany, 2020, Rutter et al., 2020). There are relatively few 

reports examining the impact on the quality of life of exogenous drug-induced 

photosensitivity, Jong et al. (2008) reported 23% of 26 DIP patients had DLQI scores of 

greater than ten whilst a study by Rizwan et al. reported mean DLQI scores of 10.84 in 

eight patients (Jong et al., 2008, Rizwan et al., 2013).  

This study had a higher response rate compare with Jong et al. (2008) study (65% 

versus 42% respectively) which may be attributable to patients being asked to complete the 

questionnaire at the time of photoinvestigation rather than responding to a postal 

questionnaire, larger sample size (122 versus 26 respectively) and the possibility that some 

of the DIP may had resolved by the time of the postal study. The results from this project, 

showed a greater impact on a patient’s QoL compare with studies in the literature. The 

percentage of patients with DLQI >10 was 69% in this study compared with 23% of DIP 

patients in the multicentre study (Jong et al., 2008).  

 Rutter et al. (2020) highlight the difficulties associated with the potential seasonality 

of photodermatoses. The DLQI questionnaire evaluates the impact of the condition over 

the past week; thus, if the questionnaire is completed in winter, the impact may be lower 

than that seen at the height of summer. To overcome these studies have asked participants 

to review the impact of their symptoms over the last year with higher DLQIs reported for 

the 12-months compare to one-week for some photodermatoses (AP, CAD and SU) (Rutter 

et al., 2020, Rizwan et al., 2013, Stafford et al., 2010). However, in the case of DIP, 

median DLQI scores have been reported to be very similar when reviewed over 12 months 

versus seven days (median score 4 and 3 respectively) (Jong et al., 2008). 
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 Study strengths and limitations. 

The significant strength of this study was the large number of patients investigated 

over several years. The clinical evidence for DIP was studied in detail, including the 

photobiological characterisation of each drug, including monochromator phototest and 

provocation testing with two light sources (SSR and broadband UV-A). 

There were, however, several limitations to this study. First, it is a retrospective 

study, although all patients underwent assessment according to standardised clinical and 

phototest protocols. This limited the data to that available in the medical records. As a 

result, we depended on existing medical notes to determine the prevalence of DIP in the 

Salford database. Secondly, a limitation of all studies of DIP is that no effective tests are 

available to prove beyond doubt that the DIP was caused by a specific drug in a specific 

patient. Thirdly, most of the patients were taking numerous medications, as a result of 

identifying the culprit drug was a challenge. Fourthly, most of the cases were diagnosed as 

a probable – not definite – case of DIP. One way to increase the confidence of a ‘probable’ 

diagnosis would be to re-evaluate the patient after six months without the medication to see 

whether symptoms had improved. Evaluation of the patients at six months after stopping 

the medication allows the clinician to determine whether the suspected drug was indeed the 

culprit. However, many patients either did not attend their follow-up appointment or chose 

to be treated locally. This is probably due to the considerable distance some patients had to 

travel as the photobiology unit accept referrals from across a large area of England. 
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 Conclusion  

Our data identified the prevalence of DIP to be 5.4% of photoinvestigations, showing 

that drug photosensitivity is a notable clinical problem. An almost similar number of males 

and females are affected overall (female patients represent 52.5% and male 47.5%). Whilst 

the older age group of adults was predominantly affected (median patient age, 62 years), a 

wider range of ages can be afflicted with DIP (age range 11 to 86 years). This study has 

confirmed that quinine and thiazide diuretics remained the commonest culprit drugs. 

Interestingly, the data highlights a developing issue, as DIP reactions occurred in 12 cases 

(9.8%). Where PPIs were the probable culprit drug. Clinically, sunburn-like reactions and 

photosensitive eczematous reaction were the noticeable adverse drug reaction. In addition, 

this study indicated that DIP has a remarkably high impact on the patient’s QoL, so clearly 

demonstrating the need to establish effective management strategies to quickly diagnose 

the condition and provide appropriate to aid its resolution and so reduce its impact on QoL. 
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  Prevalence of drug-induced photosensitivity in the 

outpatients' clinics (community). 

 Introduction  

Prevalence of DIP is unknown, and it can be underestimated for many reasons:  

frequency and duration of the taken medications, undiagnosed or underreporting of the DIP 

cases and absent of effective diagnostic test. In addition, new drugs are constantly being 

developed; for example, the FDA approves 40-50 drugs per year over the last five years 

(FDA, 2020). As a result, new drugs have been identified to caused DIP, however, there 

was a significant period between the drug development and the report of photosensitivity 

adverse effects, for example, a drug named brigatinib was approved in the United States 

(April 2017) but the first report of DIP was in 2019 (Markham, 2017, Morgado et al., 

2019). However, systemic reviews usually can identify a range of medication causing DIP 

(Blakely et al., 2019, Kim et al., 2018). DIP prevalence predication studies usually 

retrospective studies and case reports; all these factors contribute to a lack of information 

related to DIP prevalence.  

The number of medications taken by patients has a significant effect both in 

identifying the drug adverse effects and estimation of the prevalence of DIP. In 2015 an 

average of 18.6 items were prescribed per patients per years and this percentage is rising in 

areas of deprivation. For Salford and Eccles the prescribing rate found to be 22.9 

items/head/year (Baker, 2016). There is a significant link between the number of 

medication and patient age, the number of medicines taken was reported to increase with 

age. Review of the yellow cards reported that adverse skin reactions were the most 

prevalent and incidents increase with age (Bem JL, 1988). Gender difference in drug 

prescribing has also been reported (Manteuffel et al., 2014, Morgado et al., 2019). In the 

UK number of potential photosensitisers is unknown, as a result, the potential problem 

unclear. As detailed above in the first study, DIP has a significant impact on QoL, and 

undetected patients may suffer. As a result, drug substitution would lead to alleviating the 

drug side effects. This study is a questionnaires-based study, which could play a significant 

role in the identification of the prevalence of DIP in the dermatology field. 

 

 



126 

 

The study aims to use a 13-based questionnaire to estimate the prevalence of DIP in 

the outpatient’s clinics at Salford Royal NHS Foundation Trust, Manchester, UK. Second, 

to determine the demographic characteristics of those who were taking potential 

photosensitisers. Third, to identify the participants who were taking potential 

photosensitising medications as they considered to be at risk of developing DIP and 

classify them in groups: unlikely, possible and probable case of DIP. Finally, identify the 

most common culprit drugs that can lead to a probable case of DIP. 

 

 Response rate  

The questionnaire was a face-to-face short time survey, with a total number of 986 

participants approached, of which a total number of 531 agreed to fill the questionnaire; 

the response rate was 53.8%. The total number answering yes to question one (Are you 

taking any tablets or medicines?) was 475 (89.4%), with 56 responding that they were not 

taking any medications and therefore not required to answer any further questions. 

 Summary data for the 475 participants currently taking tablets or 

medicines 

 Demographic data  

Demographic data for the 475 participants who reported that they were currently 

taking tablets or medicines shown in Table 4-1. 

Table 4-1 Demographic data for the 475 participants who answered yes to Question 1: 

“Are you taking any tablets or medicines (prescription or over the counter)?” 

Characteristics Total Female Male 

Number* (%) 475 (89.4%) 302 (63.6%) 172 (36.2%) 

Mean Age (years) 64 63 65.6 

Age range (years) 40–94 40–94 40–88 

* Missing data on gender = 1 
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Analysis of the 475 participants’ response to Question 2, which details skin 

phototype (Describe your skin response after been in the sun for 30 minutes at midday in 

June in England without sunscreen) and Question 3 (What was your natural hair colour), 

(Table 4-2). 

Table 4-2 Number and percentage of skin phototype and natural hair colour of 475 

participants 

Phototype* Red Blonde Light brown 
Dark 

brown/Black 

Type I 

(n=91; 19.1%) 
13 (14.3%) 15 (16.5%) 35 (38.5%) 28 (30.8%) 

Type II 

(n=162; 34.1%) 
13 (14.3%) 24 (14.8%) 69 (42.6%) 56 (34.6%) 

Type III 

(n = 171; 36%) 
2 (1.2%) 24 (14%) 63 (36.8%) 82 (47.9%) 

Type IV 

(n= 50; 10.5%) 
1 (2%) 8 (16%) 19 (38%) 22 (44%) 

* Missing data on skin type = 1 
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 Identification and classification of medicines taken by 475 participants 

Of the 475 who answered yes to Question 1 (‘Are you taking any medicines?’) in 

total 1416 medicines were being taken, some participants were receiving more than one 

medicine, and some medications were taken by many subjects; of these 716 (50.4%) 

medicines were photosensitisers. For the 475 participants, there were 211 different types of 

individual drugs taken, with 75 (35.5%) identified as potential photosensitisers (Table 4-3). 

The medicines were reviewed, and a list of potential photosensitising agents compiled 

which shown in (Table 4-4) and Appendix 5. 

Table 4-3 Drug class and name of potential photosensitising agents identified (75) among 

the 211 medicines taken by 475 subjects who answered yes to question one and frequency 

of use 

Drug class Potential photosensitising agents and frequency of use  

Antibiotics 

(6) 

 

• Tetracycline: Doxycycline (3), Lymecycline (1) 

• Sulfonamides derivates: Sulfasalazine (1)  

• Others: Nitrofurantoin (1) 

Antiarrhythmic 

(5) 

Amiodarone (3), Dronedarone (2) 

Anticonvulsants 

(30) 

Pregabalin (25), Valproate (3), Lamotrigine (1), Phenytoin (1) 

Antidiabetic agents 

(41) 

Metformin (41) 

Antidepressants 

(91) 

• SSRI antidepressant*: Citalopram (23), Sertraline (18), 

Fluoxetine (8), Paroxetine (1) 

• Tricyclic antidepressant: Amitriptyline (28), Mirtazapine (10), 

Nortriptyline (1) 

• SNRI antidepressant*: Venlafaxine (2) 

Antihistamines 

(11) 

Ranitidine (7), Chlorphenamine (3), Promethazine (1) 
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Drug class Potential photosensitising agents and frequency of use  

Antihypertensives 

(172) 

• ACEs*: Ramipril (39), Enalapril (2) 

• ARB*: Losartan (13), Candesartan (10), Irbesartan (6), 

Telmisartan (1)  

• CCBs *: Amlodipine (51), Nifedipine (8), Diltiazem (5), 

Felodipine (3) 

• Thiazide diuretic: Bendroflumethiazide (16), Indapamide (4), 

Hydrochlorothiazide (1) 

• Loop diuretic: Furosemide (12) 

• Potassium-sparing diuretic: Spironolactone (1) 

Antimalarials 

(12) 

Hydroxychloroquine (9), Quinine Sulfate (3) 

Antiretrovirals 

(2) 

 Acyclovir (1), Eviplera (1) 

Antipsychotics 

(5) 

• Typical antipsychotic: Quetiapine (2), Aripiprazole (1), 

Olanzapine (1) 

• Thioxanthene antipsychotic: Prochlorperazine (1) 

NSAIDs 

(63) 

Ibuprofen (28), Naproxen (27), Diclofenac (4), Mefenamic 

Acid (2), Sulindac (2) 

Biologic (anti-TNF 

alpha) 

(2) 

Infliximab (1), Adalimumab (1) 

 

Chemotherapeutic 

Agent 

(25) 

Methotrexate (25) 

Cholesterol-

lowering drugs 

(104) 

Simvastatin (47), Atorvastatin (47), Pravastatin (4), 

Rosuvastatin (4), Fenofibrate (1), Fluvastatin (1) 

Diuretic agents 

(34) 

• Thiazide diuretic: Bendroflumethiazide (16), Indapamide (4), 

Hydrochlorothiazide (1) 

• Loop diuretic: Furosemide (12) 

• Potassium-sparing diuretic: Spironolactone (1) 
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Drug class Potential photosensitising agents and frequency of use  

Immunomodulator 

(10) 

Sulfasalazine (6), Azathioprine (3), Mycophenolate (1) 

Proton pump 

inhibitors 

(102) 

Omeprazole (97), Esomeprazole (4), Pantoprazole (1) 

Others • Adrenoreceptor blocker: Tamsulosin (6) 

• Anticholinergic: Tiotropium (1) 

• Anti-inflammatory: Mesalazine (4) 

• Antineoplastic: Hydroxycarbamide (1) 

• Antiplatelet: Clopidogrel (15) 

• Antifungals: Terbinafine (1) 

• Contraceptive hormones: Ethinyl estradiol (1) 

• Dopamine agonist: Pramipexole (2) 

• Monoclonal antibody: Tocilizumab (1) 

• Skin lightening agent: Hydroquinone (1) 

ACEs: Angiotensin-converting enzyme inhibitors, ARB: Angiotensin receptor blocker, CCBs: 

Calcium channel blockers, SSRI: Selective serotonin reuptake inhibitor, SNRI: Serotonin-

norepinephrine reuptake inhibitor. 
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All 1,416 medicines were then reviewed, sorted into classes, and potential 

photosensitising medicines identified (Table 4-4). The number of occasions each drug was 

prescribed was calculated, and each class was expressed as a percentage of the whole 

(1,416 drugs). Within each class, the number of potential photosensitisers was also 

calculated. 

Table 4-4 All 1,416 drugs taken by 475 participants 

The drugs are classified by class, subclass, drug name and percentage of classes– the 

potential photosensitisers shown in Italics 

Class 

(Number of class  

prescribed) 

Subclass 

(Number of 

subclass 

prescribed) 

Drug name 

(Number of drugs 

prescribed) 

Percentage of 

class 

(Percentage of 

photosensitisers 

within the class) 

Antibiotics 

(10) 

 Benzathine (1) 

Penicillin (1) 

Teicoplanin (1) 

Azithromycin (1) 

Doxycycline (3) 

Lymecycline (1) 

Nitrofurantoin (1) 

Sulfasalazine (1) 

0.71% 

(0.42%) 

Antihypertensives 

(241) 

Angiotensin-

converting enzyme 

inhibitors 

(69) 

Lisinopril (27) 

Trandolapril (1) 

Enalapril (2) 

Ramipril (39) 

19.7 % 

(12.6%) 

 

 

Angiotensin receptor 

blocker 

(31) 

Entresto (1) 

Candesartan (10) 

Irbesartan (6) 

Losartan (13) 

Telmisartan (1) 

Calcium channel 

blockers  

(71) 

Lercanidipine (1) 

Verapamil (3) 

Amlodipine (51) 

Diltiazem (5) 

Felodipine (3) 

Nifedipine (8) 
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Class 

(Number of class  

prescribed) 

Subclass 

(Number of 

subclass 

prescribed) 

Drug name 

(Number of drugs 

prescribed) 

Percentage of 

class 

(Percentage of 

photosensitisers 

within the class) 

Beta-blocker 

(55)  

Atenolol (12) 

Bisoprolol (33) 

Metoprolol tartrate (1) 

Nebivolol (1) 

Sotalol (1) 

Propanolol (7) 

Thiazide diuretic 

(21) 

Bendroflumethiazide 

(16) 

Hydrochlorothiazide 

(1) 

Indapamide (4) 

Loop diuretic 

(14) 

Bumetanide (2) 

Furosemide (12) 

Potassium-

sparing diuretic (1) 

Spironolactone (1) 

Carbonic 

anhydrase inhibitor 

diuretic (2) 

Acetazolamide (1) 

Benzthiazide (1) 

Other 

(15) 

Aldomin (1) 

Bosentan (1) 

Clonidine (2) 

Doxazosin (11) 

Antiarrhythmics 

(10) 

 Flecainide (2) 

Glyceryl Trinitrate (1) 

Isosorbide mononitrate 

(1) 

Ranolazine (1) 

Amiodarone (3) 

Dronedarone (2) 

0.71% 

(0.35%) 
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Class 

(Number of class  

prescribed) 

Subclass 

(Number of 

subclass 

prescribed) 

Drug name 

(Number of drugs 

prescribed) 

Percentage of 

class 

(Percentage of 

photosensitisers 

within the class) 

Nonsteroidal anti-

inflammatory drugs 

(122) 

 Arcoxia (3) 

Aspirin (55) 

Etodolac (1) 

Diclofenac (4) 

Ibuprofen (28) 

Mefenamic acid (2) 

Naproxen (27) 

Sulindac (2) 

8.6 % 

(4.5%) 

Antipsychotics 

(9) 

Typical 

antipsychotics 

(4) 

Aripiprazole (1) 

Olanzapine (1) 

Quetiapine (2) 

0.64% 

(0.35%) 

Serotonin 5 HT1 

receptor agonists (2) 

Sumatriptan (3) 

Zolmitriptan (1) 

Thioxanthene 

antipsychotic (1) 

Prochlorperazine (1) 

Antidepressants 

(96) 

Serotonin-

norepinephrine 

reuptake inhibitor 

(6) 

Duloxetine (4) 

Venlafaxine (2) 

6.8% 

(6.4%) 

Selective 

serotonin reuptake 

inhibitor 

(50) 

Citalopram (23) 

Fluoxetine (8) 

Paroxetine (1) 

Sertraline (18) 

Tricyclic 

antidepressants 

(39) 

Amitriptyline (28) 

Mirtazapine (10) 

Nortriptyline (1) 

Triazolopyridine 

antidepressant (1) 

Trazodone (1) 
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Class 

(Number of class  

prescribed) 

Subclass 

(Number of 

subclass 

prescribed) 

Drug name 

(Number of drugs 

prescribed) 

Percentage of 

class 

(Percentage of 

photosensitisers 

within the class) 

Anticonvulsants 

(60) 

 Carbatrol (1) 

Clonazepam (1) 

Gabapentin (25) 

Levetiracetam (1) 

Topiramate (2) 

Lamotrigine (1) 

Phenytoin (1) 

Pregabalin (25) 

Valproate (3) 

4.2% 

(2.1%) 

Chemotherapeutic 

agents 

(25) 

 Methotrexate (25) 1.76% 

(1.76%) 

Hypoglycaemics 

(3) 

 Glimepiride (1) 

Glipizide (2) 

0.21% 

(0%) 

Antidiabetic agents 

(54) 

Gliptins 

(5) 

Alogliptin (1) 

Anagliptin (1) 

Linagliptin (2) 

Liraglutide (1) 

3.8 % 

(2.9%) 

SGLT2 inhibitors 

(2) 

Canagliflozin (1) 

Empagliflozin (1) 

GLP-1 receptor 

agonist 

Dulaglutide (1) 

Other 

(46) 

Gliclazide (5) 

Metformin (41) 

Anticoagulants 

(19) 

 Acenocoumarol (2) 

Dalteparin (1) 

Heparin (1) 

Rivaroxaban (4) 

Warfarin (11) 

1.3 % 

(0%) 

Cholesterol-lowering 

agents  

(108) 

 Ezetimibe (4) 

Atorvastatin (47) 

Fenofibrate (1) 

Fluvastatin (1) 

Pravastatin (4) 

Rosuvastatin (4) 

Simvastatin (47) 

7.6 % 

(7.3 %) 
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Class 

(Number of class  

prescribed) 

Subclass 

(Number of 

subclass 

prescribed) 

Drug name 

(Number of drugs 

prescribed) 

Percentage of 

class 

(Percentage of 

photosensitisers 

within the class) 

Antihistamines 

(25) 

 Cetirizine (3) 

Cyclizine (1) 

Fexofenadine (3) 

Loratadine (7) 

Chlorphenamine (3) 

Promethazine (1) 

Ranitidine (7) 

1.76% 

(0.78%) 

Antimalarials 

(12) 

 Hydroxychloroquine 

(9) 

Quinine (3) 

0.85% 

(0.85%) 

Antifungals 

(2) 

 Posaconazole (1) 

Terbinafine (1) 

0.14% 

(0.07%) 

Antiretrovirals 

 (1) 

 Acyclovir (1) 0.07% 

(0.07%) 

Hormones 

 (87) 

 Budesonide (1) 

Finasteride (3) 

Hydrocortisone (1) 

Insulin (3) 

Prednisolone (13) 

Seretide (6) 

Somatropin (1) 

Symbicort (1) 

Thyroxine (57) 

Estradiol (1) 

6.14% 

(0.07%) 

Immunomodulators 

(11) 

 Copaxone (1) 

Azathioprine (3) 

Mycophenolate (1) 

Sulfasalazine (6) 

0.78% 

(0.7 %) 

Opioids 

(90) 

 Buprenorphine (1) 

Codeine (17) 

Codeine and 

paracetamol (38) 

Fentanyl (1) 

Morphine (3) 

Oxycodone (7) 

Tramadol (23) 

6.3% 

(0%) 
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Class 

(Number of class  

prescribed) 

Subclass 

(Number of 

subclass 

prescribed) 

Drug name 

(Number of drugs 

prescribed) 

Percentage of 

class 

(Percentage of 

photosensitisers 

within the class) 

Proton Pump Inhibitors 

(132) 

 Esomeprazole (4) 

Lansoprazole (28) 

Latanoprost (2) 

Omeprazole (97) 

Pantoprazole (1) 

9.3% 

(7.2%) 

Vitamins & 

Supplements 

(40) 

 Bioflavonoids (1) 

Cholecalciferol & 

Calcium (8) 

Cholecalciferol (12) 

Folic acid (11) 

Forceval (1) 

Fortamind (1) 

Glucosamine (1) 

Green Tea (1) 

Sodium Chloride (1) 

Thiamine (2) 

Turmeric (1) 

2.8% 

(0%) 

H1 receptor agonist 

(1) 

 Betahistine (1) 0.07% 

(0%) 

Adrenergic agonist  

(1) 

 Mirabegron (1) 0.07% 

(0%) 

Alcohol Agonist 

 (1) 

 Disulfiram (1) 0.07% 

(0%) 

Adreno-receptor 

blocker 

(8) 

 Alfuzosin (1) 

Timoptol (1) 

Tamsulosin (6) 

0.56% 

(0.4%) 

Analgesics  

(37) 

 Nefopam (1) 

Paracetamol (36) 

2.6% 

(0%) 

Antacid 

 (1) 

 Gaviscon (1) 0.07% 

(0%) 

(Biologic) Anti-TNF 

alpha 

(2) 

 Infliximab (1) 

Adalimumab (1) 

0.14% 

(0.14%) 

Anti-inflammatory 

(5) 

 Mesalazine (5) 

 

0.35% 

(0.35%) 
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Class 

(Number of class  

prescribed) 

Subclass 

(Number of 

subclass 

prescribed) 

Drug name 

(Number of drugs 

prescribed) 

Percentage of 

class 

(Percentage of 

photosensitisers 

within the class) 

Antioestrogen 

 (3) 

 Tamoxifen (3) 0.21% 

(0%) 

Antiretroviral 

 (1) 

 Eviplera 

(Emtricitabine/Rilpivirine

/Tenofovir) (1) 

0.07% 

(0.07%) 

Anti-cholinergic 

 (2) 

 Trelegy Ellipta (1) 

Tiotropium (1) 

0.14% 

(0.07%) 

Anti-diarrhoeal 

 (5) 

 Loperamide (5) 0.35% 

(0%) 

Anti-muscarinic 

 (1) 

 Solifenacin (1) 0.07% 

(0%) 

Antineoplastics 

 (1) 

 Hydroxycarbamide (1) 0.07% 

(0.07%) 

Anti-platelet agent 

(15) 

 Clopidogrel (15) 1.06% 

(1.06%) 

Anti-spasmodic  

(5) 

 Buscopan (5) 0.35% 

(0%) 

Hormone therapy – 

aromatase inhibitors 

 (4) 

 Exemestane (1) 

Letrozole (3) 

0.28% 

(0%) 

Benzodiazepines 

 (5) 

 Diazepam (3) 

Nitrazepam (1) 

Zopiclone (1) 

0.35% 

(0%) 

Bile acid 

 (1) 

 Ursodeoxycholic acid 

(1) 

0.07% 

(0%) 

Bile Sequestrant 

 (1) 

 Colesevelam (1) 0.07% 

(0%) 

Biphosphonates  

(7) 

 Alendronic acid (5) 

Biphosphonate (1) 

Risedronate (1) 

0.49% 

(0%) 

Bronchodilator 

 (2) 

 Salbutamol (2) 0.14% 

(0%) 

Cardiac glycoside  

(2) 

 Digoxin (2) 0.14% 

(0%) 
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Class 

(Number of class  

prescribed) 

Subclass 

(Number of 

subclass 

prescribed) 

Drug name 

(Number of drugs 

prescribed) 

Percentage of 

class 

(Percentage of 

photosensitisers 

within the class) 

Cholinesterase  

Inhibitor 

(2)  

 Donepezil (2) 0.14% 

(0%) 

Dopamine agonist  

(2) 

 Pramipexole (2) 0.14% 

(0.14%) 

Dopamine precursor 

(1) 

 Stalevo (1) 0.07% 

(0%) 

Anticlotting agents 

(2) 

 Apixaban (2) 0.14% 

(0%) 

HCN channel 

blocker (1) 

 Ivabradine (1) 0.07% 

(0%) 

Peripheral 

vasodilator (1) 

 Pentoxifylline (1) 0.07% 

(0%) 

Laxative  

(14) 

 Bisacodyl (1) 

Docusate (4) 

Lactulose (1) 

Macrogol (4) 

Senna (4) 

0.99% 

(0%) 

Leukotriene receptor 

antagonist 

 (1) 

 Montelukast (1) 0.07% 

(0%) 

MAOI/anti-Parkinson’s 

agent 

 (1) 

 Selegiline (1) 0.07% 

(0%) 

Monoclonal 

antibody 

(7) 

 Etanercept (2) 

Mepolizumab (1) 

Rituximab (3) 

Tocilizumab (1) 

0.49% 

(0.07%) 

Mucolytics 

(5) 

 Carbocisteine (5) 0.35% 

(0%) 

NMDA receptor 

antagonist 

 (1) 

 Memantine (1) 0.07% 

(0%) 
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Class 

(Number of class  

prescribed) 

Subclass 

(Number of 

subclass 

prescribed) 

Drug name 

(Number of drugs 

prescribed) 

Percentage of 

class 

(Percentage of 

photosensitisers 

within the class) 

Opioid agonist-

antagonist 

 (1) 

 Buprenorphine (1) 0.07% 

(0%) 

Dopamine receptor 

antagonist  

(1) 

 Metoclopramide (1) 0.07% 

(0%) 

Skin lightening 

agent (1) 

 Hydroquinone (1) 0.07% 

(0.07%) 

Thiazolidinediones  

(3) 

 Pioglitazone (3) 0.21% 

(0%) 

Xanthine oxidase 

inhibitor 

 (14) 

 Allopurinol (14) 0.99% 

(0%) 

Participants unable to remember the name of the medicine 

(54) 

3.80% 
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 Relationship between medicines and demographic data for the 475 

participants  

 The mean number of medications taken by each subject was 2.99 (range = 1–9). Of 

the 475 participants, 361 were taking a potential photosensitiser. The mean number of 

potential photosensitising agents taken was 1.51 (range 1–6) and non-photosensitising 

agents the mean was 1.36 (range 1–7). In terms of gender, the mean number of drugs taken 

by women was 3.01 (range 1–9) compared to 2.97 (range 1–9) in men. In terms of 

potential photosensitisers, women took on mean 1.55 (range 1–6) and men 1.46 (range 1–

6). Women on mean took 1.36 (range 1–7) non-photosensitising drugs whilst men took 

1.37 (range 1–7). Table 4-5 shows the mean number of medications taken by each age 

group. The number of medicines taken increased with age. 

 

Table 4-5 Mean number of medications taken by the 475 participants: age range and all 

medications, potential photosensitisers and non-photosensitisers 

Mean (range) number of medicines taken 

Age (years) All medications Potential 

photosensitisers 

Non-photosensitisers 

40–49 1.98 (0–9) 1.02 (0–5) 0.88 (0–4) 

50–59 2.93 (0–9) 1.63 (0–6) 1.25 (0–7) 

60–69 2.86 (0–8) 1.4 (0–6) 1.3 (0–7) 

70–79 3.32 (0–9) 1.58 (0–6) 1.57 (0–5) 

80–89 3.83 (0–9) 2 (0–5) 1.91 (0–5) 

90–99* 2 0 2 

*The 90–99 age category included only one individual 
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The most frequently taken classes of drugs (expressed as a percentage of the 1,416 

total medicines taken) and the corresponding frequency of potential photosensitisers within 

each class shown in (Table 4-6). As can be seen, for five of the top classes of medicine 

(together representing 52.1% of drugs taken), the prevalence of potential photosensitisers 

is more than a third (38%). 

Table 4-6 Summary of frequency of the classes of drugs, and potential photosensitisers 

within each class, were taken by the 475 participants 

Values are expressed as a percentage of 1,416 drugs taken. Drug classes that constitute less 

than 1% of drugs taken are shown in Table 4-4 

Class of drug Frequency of the classes of 

drugs (%) 

Frequency of potential 

photosensitisers within the 

class (%) 

Anti-hypertensive 19.7% 12.6 % 

Proton pump inhibitor 9.32% 7.2% 

Non-steroidal anti- 

inflammatory  drug 

8.62% 4.45% 

Cholesterol-lowering agents 7.63% 7.34% 

Antidepressants 6.8% 6.4% 

Opioids 6.36% 0% 

Hormones 6.14% 0.07% 

Anticonvulsant 4.2% 2.12% 

Antidiabetic 3.81% 2.89% 

Vitamins & supplements 2.8% 0% 

Analgesics 2.61% 0% 

Antihistamine 1.76% 0.78% 

Chemotherapeutic agents 1.76% 1.76% 

Anticoagulants 1.34% 0% 

Antiplatelet 1.06% 1.06% 
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 Responses to questions 4 and 5: identifying potential drug-induced 

photosensitivity 

Questions 4 and 5 were the key questions in the questionnaire; Q4 asked the 

participant if they experienced redness and/or a burning feeling on the skin following sun 

exposure that they did not think was normal sunburn. While, Q5 asked if it was more 

severe than sunburn experienced by their friends and family. Based on the participants’ 

answers to Questions 4 and 5, the results were classified into two categories: possible DIP 

or unlikely DIP. If the participant answered ‘yes, I do currently’ and/or ‘yes, in the past’ 

the response was considered as a possible case of DIP. Of the 475 patients who answered 

yes to question 1 (‘yes, I am taking medications’), 139 (29.3%) answered yes currently 

and/or yes in the past to Question 4 and/or Question 5. If the subject answered no and/or do 

not know, we considered this case as unlikely to be DIP and no further analysis was 

performed. Table 4-7 breaks down the responses to Questions 4 and 5 for the 475 who 

were taking medication. 

Table 4-7 The 475 participants’ responses to Questions 4 and 5 as a whole and by sex 

Question 

number 

Sex Yes, 

currently 

Yes, in past No Don’t know 

Question 4 

 

All (n=475) 73 (15.8%) 52 (10.9%) 328 (69%) 22 (4.6%) 

Female 

(n=302) 
47 (15.6%) 33 (10.9%) 205 (67.9%) 17 (5.6%) 

Male (n=172) 26 (15.1%) 19 (11.05%) 122 (70.9%) 5 (2.9%) 

Question 5 

 

All (n=475) 57 (12%) 37 (7.8%) 360 (75.8%) 21 (4.4%) 

Female 

(n=302) 
40 (13.2%) 25 (8.3%) 225 (74.5%) 12 (3.9%) 

Male (n=172) 17 (9.9%) 12 (6.98%) 134 (77.9%) 9 (5.2%) 
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 Identification of potential photosensitisers: 112 participants  

The medications listed by 139 participants who answered ‘yes currently’ or ‘yes, in 

the past’ to Question 4 and/or Question 5 were examined, and any potential 

photosensitisers identified. Of 139 who were classified as possible cases of DIP, based on 

their response to Q4 and/or Q5, 112 (80.1%) were identified as having received drugs 

which have been associated with DIP. A further 19 participants were not taking any known 

photosensitiser and eight could not remember their medications. Seven participants who 

believed that they had had a more severe response than their family or friends (Q5) did not 

think this was abnormal (i.e., responded ‘No’ to Q4). Similarly, 31 participants who 

believed that their response was abnormal (Q4) did not think that it was more severe than 

that of their friends and family. The 112 participants’ responses to Q4 & Q5 are shown in 

Table 4-8. 

Table 4-8 The 475 participants’ responses to Q4 and Q5 of participants taking a known 

photosensitiser (n = 112) 

 Q5 

Q4 Yes Yes, in the past No Do not know 

Yes 36 4 11 7 

Yes, in the past 3 16 20 1 

No 2 5 0 0 

Do not know 4 3 0 0 
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 The demographic characteristics of the 112 participants  

Demographic data of the 112 participants who were taking potential photosensitisers 

shown in (Table 4-9). 

Table 4-9 Demographic data of the 112 participants’: age, sex, and sun-reactive skin type 

(n = 112)  

Characteristics Total Female Male 

Number (%) 112 73 (65.2%) 39 (34.8%) 

Mean Age (years) 62.1 59.5 67 

Age range (years) 45–88 45–87 48–88 

Skin phototype I 40 28 12 

Skin phototype II 40 27 13 

Skin phototype III 28 15 13 

Skin phototype IV 3 3 0 
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The number of medications taken by the 112 participants shown in (Table 4-10). The 

mean number of medications taken was 3.72. No significant difference was observed 

between the number of all medicines taken by men and by women (mean 3.8 and 3.7, 

respectively); however, there was a significant difference between the mean number of 

potential photosensitisers taken by men and by women (3.8 and 6.9 respectively).  

 

Table 4-10 Total numbers of medicines and potential photosensitisers taken by the 112 

subsets 

Number of medications 

taken 
 

Participants taking this 

number of medicines among 

the sample population  

(n = 112) 

Participants taking this 

number of potential 

photosensitisers among the 

sample population (n = 112) 

1 15 51 

2 23 30 

3 20 16 

4 19 12 

5 14 3 

6 9 - 

7 4 - 

8 4 - 

9 4 - 
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Table 4-11 shows the numbers of medications (mean) taken by age group. The 

number of medications taken by the youngest group (40–49 years) was lower than that of 

the oldest age group (80–89 years. There was no correlation between the number of 

potential photosensitisers taken and age (Spearman’s correlation coefficient r = 0.3). 

 

Table 4-11 Mean number of medicines and potential photosensitisers taken per age group 

by the 112 subsets 

Age group (years) Mean number of medicines Mean number of potential 

photosensitisers 

40–49 2.55 1.5 

50–59 3.92 2.06 

60–69 3.83 1.96 

70–79 3.52 1.84 

80–89 4.17 2 
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The number of potential photosensitising medications taken are shown by their 

generic name and grouped into their respective classes in Table 4-12.  

Table 4-12 The potentially photosensitising medications, a total of 230 taken by 112 

participants, were classified in groups based on their therapeutic class and generic name 

Class Drug Name 

Anti-hypertensive 

(58) 

• CCBs*: Amlodipine (17), Nifedipine (4), Diltiazem (3) 

• B B*: Propranolol (2) 

• ACEs*: Ramipril (12), Enalapril (2) 

• ARBs*: Losartan (5), Irbesartan (3), Candesartan (1), 

Telmisartan (1)  

• Thiazide Diuretic: Bendroflumethiazide (6), Indapamide 

(1) 

•  Loop Diuretic: Furosemide (1) 

PPI* 

(28) 

Omeprazole (28) 

Anti-depressant 

(33) 

• Tricyclic Antidepressant: Amitriptyline (11), Mirtazapine 

(6) 

• SSRI* Antidepressant: Citalopram (6), Sertraline (5), 

Fluoxetine (3) 

• SNRI *Antidepressant: Venlafaxine (2) 

Cholesterol-Lowering 

Drugs 

(300) 

Simvastatin (15), Atorvastatin (14), Rosuvastatin (1) 

Chemotherapeutic Agent 

(17) 

Methotrexate (17) 

Hypoglycaemic 

(14) 

Metformin (14) 

 NSAIDS* 

(15) 

Ibuprofen (9), Naproxen (4), Diclofenac (1), Sulindac (1) 

Anti-malarial 

(10) 

Hydroxychloroquine (9), Quinine Sulfate (1) 

Anti-convulsant 

(6) 

Pregabalin (6) 
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Class Drug Name 

Aminosalicylates 

(3) 

Sulfasalazine (2), Mesalazine (1) 

Anti-histamines 

(2) 

Promethazine (1), Chlorphenamine (1) 

Anti-arrhythmic (1) Dronedarone (1) 

Others 

 

• Alpha-adrenergic blocker: Tamsulosin (3) 

• Antiplatelet agent: Clopidogrel (3) 

• Hormones: Hormone Replacement Therapy (2) 

• Immunosuppressant: Azathioprine (2) 

• Tetracycline antibiotics: Doxycycline (1) 

• Antifungal: Terbinafine (1) 

• Dopamine agonists: Pramipexole (1) 

• Tumour necrosis factor blocker: Adalimumab (1) 

ACEs: Angiotensin-converting enzyme inhibitors, ARBs: Angiotensin receptor blocker, BB: Beta-

blocker: CCBs: Calcium channel blockers, NSAID: Non-steroidal anti-inflammatory drug, PPI: 

Proton pump inhibitor, SSRI: Selective serotonin reuptake inhibitor, SNRI: Serotonin-

norepinephrine reuptake inhibitor 
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 Data analysis of question 6: How old were you when the redness/burning 

feeling in the sun appeared for the first time?  

 Temporal relationship between commencing medication and the onset of symptoms 

Question 6 asked the participants to identify the age at which they first noticed an 

abnormal burning response to light (Q6: How old were you when the redness/burning 

feeling in the sun appeared for the first time?). Using responses to Question 6 and the 

patient’s age it was possible to calculate the year in which their abnormal burning 

symptoms started. This was then cross-referenced with the subject’s responses to Q1 

(‘please list the name of each medication below and the year you started taking it.’). This 

step was to determine which medications were being taken before their burning symptoms 

began (as medications started after their burning symptoms began were unlikely to be 

related). Question 6 was commonly misinterpreted by participants with many responding 

with the duration rather than their age so, for example, subject 22 aged 60 responded ‘one 

year’ to the age at which they first noticed an abnormal burning response. On clarification, 

it became clear that this was the number of years their abnormal burning symptoms had 

been present. Ten participants were found to have started their medication before their 

symptom started (Table 4-13) this represents 2.1% of the 475 participants taking medicines 

and 1.89% of all participants agreeing to complete the questionnaire (n=531). 

 

Table 4-13 Temporal relationship between medicines and the onset of symptoms 

 (Q6: How old were you when the redness/burning feeling in the sun appeared for the first 

time?) 

Question 6 Number of participants (%) 

Medication started before burning 

symptoms 

10 (8.9%) 

Medication started after burning 

symptoms 

55 (50.9%) 

Unable to recall medication start date 22 (19.6%) 

No answer to question 6 21 (18.7%) 
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The data analysis found ten participants: eight females with an age range of 49 to 78 

years. The number of potential photosensitising medications taken by the ten participants 

ranged from one to six potential photosensitisers, with 34 potential photosensitisers being 

taken in total. For each of the ten participants, the potentially photosensitising drug/s that 

were started before the onset of symptoms were identified (in italics: Table 4 14). The most 

frequent drug identified as the culprit photosensitisers was the proton pump inhibitor 

omeprazole, which was identified as the potential culprit in five cases. In terms of drug 

classes, the anti-hypertensives were the most frequently suspected with four drugs 

identified (Amlodipine, Diltiazem, Irbesartan and Ramipril). The mean duration of the 

redness/burning symptoms among this group of 10 participants was 8.9 years (range 2–19 

years) (Table 4-15). 

Table 4-14 Details of the ten participants whose medication was temporally related to their 

symptom. Potential photosensitisers are in Italics 

Age Gender Medication 

57 F Amitriptyline, Citalopram Gabapentin, Metformin, 

Omeprazole, Paracetamol, Ramipril, Simvastatin, Tramadol 

78 F Alendronic Acid, Amlodipine, Aspirin, Simvastatin,  

49 F Etodolac, Omeprazole, Methotrexate, Rituximab, 

Sertraline 

59 F Amlodipine, Atorvastatin, Aspirin, Cetirizine, 

Gabapentin, Lisinopril, Naproxen, Terbinafine 

51 F Amlodipine, Citalopram, Omeprazole 

51 F Azathioprine, Hydroxychloroquine 

53 F Codeine, Cylclizine, Gabapentin, Omeprazole, 

Morphine Mycophenolate 

67 M Aspirin, Azathioprine, Diltiazem, Quinine Sulphate, 

Indapamide, Irbesartan, Simvastatin 

59 F Atorvastatin, Buscopan, Hydroxyzine, Omeprazole, 

Prednisolone 

52 M Atorvastatin, Glipizide, Metformin, Ramipril, Sertraline 
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Table 4-15 Relationship between photosensitiser and onset of symptoms. Drugs started 

before the onset of symptoms are in italics 

Potential Photosensitisers and date 

participants started taking medication 

Symptoms start 

year 

The average 

duration (years) of 

redness/burning 

symptoms 

Citalopram: 2000 

Omeprazole: 2008 

Simvastatin & Amitriptyline:2013 

Metformin: 2016 

Ramipril: 2017 

2007 11 

Simvastatin & Amlodipine: 2006 2008 11 

Omeprazole: 2003 

Methotrexate: 2008 

Sertraline: 2013 

2013 5 

Naproxen:1999 

Atorvastatin: 2008  

Terbinafine: 2017 

1999 19 

Amlodipine & Citalopram: 2014 

Omeprazole: 2015 

2016 3 

Azathioprine & Hydroxychloroquine: 

2016 

2016 3 

Omeprazole: 2014 

 Mycophenolate: 2018 

2016 2 

Azathioprine, Diltiazem, Quinine 

Sulphate, Indapamide, Irbesartan, Simvastatin: 

2000 

2000 18 

Atorvastatin: 2009 

 Omeprazole: 2014 

2016 3 

Metformin: 1994  

Ramipril: 2004 

Atorvastatin & Sertraline: 2008  

1994 14 
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To calculate the potential rate of DIP among the 475 participants for each of the 

drugs suspected in the n=10 participants, the number of cases in the n=10 group was 

expressed as a percentage of the total number of participants (n=475) taking that drug 

(Table 4- 4). Azathioprine and quinine sulphate were associated with a particularly high 

number as only three participants were taking these drugs among the n=475 group. This 

can be compared with omeprazole and metformin which although taken by 97 and 41 

participants respectively were associated with suspected DIP in only two and five cases 

giving a potential incidence rate of 5.1 and 4.9% Table 4-16. 

Table 4-16 The photosensitisers identified as being associated with probable DIP 

expressed as a percentage of the number of the participants taking that drug among the 475 

participants 

Class Drug Number 

probable 

DIP 

participants 

(n=10) 

taking the 

drug 

Number of 

participants 

(n=475) taking 

potential 

photosensitiser 

Probable 

DIP cases as 

a percentage 

of all taking 

that drug 

(%) 

Antidepressant Citalopram 2 23 8.7 

 Sertraline 2 18 11.1 

Antihypertensive Amlodipine 2 51 3.9 

 Diltiazem 1 5 20 

 Irbesartan 1 6 16.7 

Antimalarial Hydroxychloroquine 1 9 11.1 

 Quinine 1 3 33.3 

Chemotherapeutic 

agents 

Methotrexate 1 25 4 

Cholesterol-lowering 

agents 

Atorvastatin 3 47 6.4 

 Simvastatin 3 47 6.4 

Diuretic Indapamide 1 4 25 

Hypoglycaemics Metformin 2 41 4.9 

Immunosuppressant Azathioprine 2 3 66.7 

NSAID Naproxen 1 27 3.7 

PPI Omeprazole 5 97 5.1 
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 The severity of response (Questions 7, 8, 9 and 10) 

Of the ten participants identified as a probable case of DIP (i.e. had started their 

medication before the onset of their symptoms), the severity of their response was 

evaluated by their answers to Questions 7, 8, 9 and 10. These results were then compared 

against the responses of the subset (n = 112) who self-identified as having a response that 

was not normal (Q4) and/or a response worse than family and friends (Q5). For 

comparison, the results for the participants who were not taking a known photosensitiser 

are also shown (n = 19). 

 Response to Question 7: In spring/summer, is your redness/burning feeling? 

Question 7 focused on whether the condition was worse in the summer (In 

spring/summer compared to winter, is your redness/burning feeling better, worse, the same 

or do not know?). As more UVR radiation is present in the spring/summer and people are 

more likely to go outdoors, it was hypothesised that participants with suspected DIP would 

report a worsening of their symptoms. Table 4 17 summarises the results and as can be 

seen, the subset whose potential photosensitising medications corresponds to their onset of 

symptoms (n =10) do indeed report a higher incidence of redness/burning in the summer 

than the other two subsets.  
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Table 4-17 Relationship between the worsening of redness/burning in spring/summer 

(Question 7) and the three subsets. 

The 112 participants; the response was not normal to Question 4 and/or Question 5, the 19 

participants; who were not taking a known photosensitiser and the ten participants who 

were identified as a probable case of DIP 

 

Redness/burnin

g better in 

spring/summer 

Redness/burnin

g worse in 

spring/summer 

Redness 

burning same all 

year round 

Don’t know 

Abnormal sun 

response and 

temporal 

relationship with 

potential 

photosensitiser 

(n = 10) 

1 (10%) 8 (80%) 0 1 (10%) 

Abnormal sun 

response but no 

temporal 

relationship with 

photosensitiser 

(n = 112) 

11 (9.8%) 64 (57.1%) 22 (19.6%) 14 (12.5%) 

Abnormal sun 

response but not 

taking any known 

potential 

photosensitiser 

(n = 19) 

4 (21%) 8 (42%) 6 (31%) 1 (5%) 
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 Response to Question 8: On a sunny day, is your redness/burning feeling? 

Question 8 asked the participants to consider their redness/burning feeling on a 

sunny day. Again, more severe photosensitivity would be expected to be associated with a 

more marked response on a sunny day. Table 4-18 summarises the responses reported. For 

the participants taking a potential photosensitiser that was temporally correlated with the 

onset of the redness/burning 90% reported a worsening on a sunny day compared with 

47.3% of those not taking any known potential photosensitiser. 

 

Table 4-18 Relationship between redness/burning and a sunny day (Question 8) for the  

three subsets 

The 112 participants; response was not normal to Question 4 and/or Question 5, the 19 

participants; who were not taking a known photosensitiser and the ten participants who 

were identified as a probable case of DIP 

 

Redness/burning 

better on a 

sunny day 

Redness/burning 

worse on a 

sunny day 

Redness/burning 

same on a sunny 

day 

Don’t know 

Abnormal sun 

response and 

temporal 

relationship with 

potential 

photosensitiser 

(n = 10) 

0 9 (90%) 0 1 (10%) 

Abnormal sun 

response but no 

temporal 

relationship with 

photosensitiser 

(n = 112) 

0 68 (60.7%) 31 (27.7%) 12 (10.7%) 

Abnormal sun 

response but not 

taking any known 

potential 

photosensitiser 

(n = 19) 

2 (10.5%) 9 (47.3%) 7 (36.8%) 1 (5.3%) 
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 Response to Questions 9 and 10 

Questions 9 and 10 address protective measures against sun exposure. Question 9 

asked about the effects of sunscreen on the participant's symptoms (redness/burning). 

Typically, sunscreen use might be expected to improve symptoms and certainly, for the 

group not taking any known potential photosensitising agent (n=19) this seems to be the 

case with 78.9% reporting an improvement in symptoms. However, in the subset taking a 

known photosensitiser that is associated with symptoms (n=10), only 40% say an 

improvement with sunscreen whilst 50% reported no change (Table 4-19). 

Table 4-19 Relationship between sunscreen use (Question 9) and redness/burning for the 

subsets for the three subsets 

The 112 participants; response was not normal to Question 4 and/or Question 5, the 19 

participants; who were not taking a known photosensitiser and the ten participants who 

were identified as a probable case of DIP 

 

Redness/burnin

g better with 

sunscreen 

Redness/burnin

g worse with 

sunscreen 

No change in 

redness/burning 

with sunscreen 

Don’t know 

Abnormal sun 

response and 

temporal 

relationship with 

potential 

photosensitiser 

(n = 10) 

4 (40%) 0 5 (50%) 1 (10%) 

Abnormal sun 

response but no 

temporal 

relationship with 

photosensitiser 

(n = 112) 

67 (59.8) 1 (0.9%) 30 (26.8%) 13 (11.6%) 

Abnormal sun 

response but not 

taking any known 

potential 

photosensitiser 

(n = 19) 

15 (78.9%) 0 1 (5.3%) 3 (15.8%) 
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Question 10 evaluates the effects of clothing on participants’ symptoms asking 

whether being covered with clothing makes the redness/burning symptoms better or worse. 

As might be expected, the majority of participants see an improvement in their symptoms 

if covered with clothing. However, 20% of the n=10 subset reports their redness/burning 

symptoms are unaffected by clothing, Table 4-20. 

Table 4-20 Relationship between clothing (Q10) and the redness/burning of the three 

subsets 

The 112 participants; response was not normal to Question 4 and/or Question 5, the 19 

participants; who were not taking a known photosensitiser and the ten participants who 

were identified as a probable case of DIP 

 

Redness/burnin

g better with 

clothing 

Redness/burnin

g worse with 

clothing 

Redness/burnin

g unaffected by 

clothing 

Don’t know 

Abnormal sun 

response and 

temporal 

relationship with 

potential 

photosensitiser 

(n = 10) 

7 (70%) 0 2 (20%) 1 (10%) 

Abnormal sun 

response but no 

temporal 

relationship with 

photosensitiser 

(n = 112) 

72 (64.3%) 64 (1.8%) 22 (19.6%) 15 (13.4%) 

Abnormal sun 

response but not 

taking any known 

potential 

photosensitiser 

(n = 19) 

17 (89.5%) 0 2 (10.5%) 0 
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 Discussion  

 Prevalence of DIP and use of potential photosensitisers 

Participants involved in this study were taking 1416 medicines, of which 716 

(50.4%) were potential photosensitisers. This is very similar to values by Hofmann et al 

(2020) who reported potential photosensitisers making up an average of 49.5% of all 

prescriptions issued in Germany and 48.2% in Austria between 2010 and 2017 (Hofmann 

et al., 2020). In total, 211 different individual drugs were taken by the 475 participants and 

of these 75 (35.5%) potential photosensitisers were identified. A questionnaire-based 

survey of 356 older patients in Poland reported potential photosensitisers as making up 

22.4% of the 152 different drugs taken (Korzeniowska et al., 2019). Comparison of the 

range of potential photosensitisers prescribed to these older Polish patients shows a 

narrower range of drugs being prescribed with only 16 cardiovascular versus in this study 

22 and tend central nervous system drugs versus our 13. The lower number of potential 

photosensitisers prescribed may therefore reflect differences in healthcare systems and 

prescribing practices in Poland versus the UK.   

Amongst the 475 who answered ‘yes’ to Question 1 (Are you taking any tablets or 

medicines?) the average number of potential photosensitisers taken was higher in the older 

aged group (80-89 years) compare with the younger group (40-49 years). This finding is 

similar to that of Korzeniowska et al (2019) as they found that the number of medications 

taken increased as the patients got older (Korzeniowska et al., 2019). Aged populations are 

more likely to use a significantly higher number of medications compared with younger 

ones; as a result, these individuals may be more at risk of DIP (Trakatelli et al., 2009, 

Gould et al., 1995). 

The results in this study showed that 361 (76%) were taking a potential 

photosensitiser out of 475. Questions 4 & 5 were designed to identify the “possible” cases 

of DIP; and a total number of 139 participants (29.3%) answered ‘yes, currently’ and/or 

‘yes, in the past’ to these questions. Two hundred and twenty-two participants who were 

taking a potential photosensitiser did not report responses to sunlight that they considered 

atypical (discussed below). Further analysis showed 112 participants - representing 23.6 % 

of the total 475 - were receiving a potential photosensitiser; these cases were classified as 

possible DIP.  
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Of these112 possible case of DIP, ten (2.1%) were identified as being probable DIP, 

characterised by a temporal link between starting their medications and the appearance of 

redness and/or experiencing a burning feeling (Question 6). Each of these participants was 

taking between one and six potential photosensitisers with 15 different drugs represented. 

Reviewing the literature, the rate of the DIP has been reported from multiple centres 

worldwide with reported rates ranging from 1.9% to 14.5%. An older study evaluating 

photosensitivity in 203 patients in an academic medical centre (United States), reported 

that systemic DIP accounted for 7 % of cases, although no specific responsible medication 

names were given (Fotiades et al., 1995). 

A retrospective study of 116 patients diagnosed with photodermatoses conducted at a 

Singapore skin referral centre reported systemic DIP to be 11.3%, making up 0.014% of all 

skin centre referrals over three years. This study reports nine drugs most commonly 

associated with DIP in their patients (chlorpromazine, promethazine, thioridazine, 

prochlorperazine, griseofulvin, doxycycline, tolbutamide, glibenclamide and thiazides) 

(Khoo et al., 1996); however, amongst the 475 participants in this study only four of these 

medicines were being taken (doxycycline, prochlorperazine, promethazine and thiazides), 

none of which were associated with probable DIP. This may represent changes in 

prescribing practices since this study was published for example, drugs such as 

thioridazine have since been withdrawn from the market (Bisset, 2002).  

A retrospective study of adverse drug reactions reported to the Norwegian Adverse 

Drug Reactions Committee found that DIP reactions represented 8% of adverse drug 

reactions (Selvaag, 1997). This study showed that the tetracycline antibiotics were the most 

frequent class to cause photosensitivity reactions followed by diuretics and 

antihypertensive agents.  

As in the findings presented here doxycycline was the tetracyclines most frequently 

associated with DIP, however, in terms of diuretics and anti-hypertensive agents’ 

hydrochlorothiazide and enalapril were the most frequent compared to amlodipine and 

bendroflumethiazide reported here (Selvaag 1997).  

A retrospective study conducted between 1990 and 2000 at a photodermatology 

referral centre in Greece, of 310 patients diagnosed with idiopathic photodermatoses 4.8%, 

photosensitive drug eruptions. The authors note that despite the assumption that most 

Greeks are considered to have darker skin, a substantial percentage of the population have 

a light-skinned complexion resulting in “not infrequent” diagnoses of photosensitivity.  
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The authors reported that hydrochlorothiazide was taken by 4 of the 15 DIP patients 

but did not provide any further details of culprit drugs (Stratigos et al., 2003). 

Hydrochlorothiazide was the least common thiazide (n=1) taken by the 475 participants 

with the potential photosensitiser bendroflumethiazide the most common (n=16).   

Another study conducted by an Australian photodermatology clinic of 397 patients 

diagnosed with photosensitivity disorders between 1993 and 2000 reported that 

photosensitive systemic phototoxic drug reactions were found to be 2.1 %. However, no 

details of culprit drugs were given (Crouch et al., 2003). 

A further study was performed between 2000 and 2001 of 141 Asians attending the 

Singapore clinic, systemic DIP was found to be up 14.5% of diagnoses. Fourteen suspected 

culprit drugs were identified of which the antihypertensive drugs, mainly 

hydrochlorothiazide, were the most frequently reported culprit drugs (Wong and Khoo, 

2005). As with the earlier paper Khoo et al.(1996), the range of drugs identified was 

different to that found in results in this study with only four drugs (hydrochlorothiazide, 

metformin, fenofibrate and simvastatin) reported both in their study and had been taken by 

475 participants in this study. The authors note that the use of “seemingly old-fashioned” 

drugs may be due to the healthcare system in Singapore where healthcare costs are largely 

borne by the individual (Wong and Khoo, 2005). 

A study of 280 patients with photodermatoses carried out between 1997 and 2004, 

found no significant difference between DIP rates amongst African Americans and 

Caucasian patients (13.3 % vs 10.7%). Details of the culprit drugs were not given (Kerr 

and Lim, 2007).  

However, a follow-on study to that Kerr and Lim 2007, found a significant difference 

in the rates of DIP between African American and Caucasian patients (0.7% versus 

15.9%). The authors speculate that this may reflect the relative protective effect of skin 

pigmentation on phototoxicity (Nakamura et al., 2014).   

 Patel and Marfatia (2008) - in a prospective study carried out between 1997 -2006 

reported photosensitive reaction in 2% patients presenting with adverse cutaneous drug 

reactions with ciprofloxacin and sparfloxacin identified as culprit drugs (Patel and 

Marfatia, 2008). Sparfloxacin has since been withdrawn from the USA due to its side 

effects (Qureshi et al., 2011).  
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Saha et al. (2012) reported phototoxicity in two (3.8 %) of patients attending the 

outpatient’s department of a tertiary care hospital in India. The culprit drugs were 

described as an analgesic and a thiazide (Saha et al., 2012).  

A study by the India Institute of Medical Sciences of 362 dark-skinned patients with 

photodermatoses reported systemic DIP to be 1.9 % (7 patients); seven different culprit 

drugs were identified (ibuprofen, hydrochlorothiazide, torsemide, ornidazole, doxycycline, 

naproxen and atorvastatin) of which five (ibuprofen, hydrochlorothiazide, doxycycline, 

naproxen and atorvastatin) were also taken by the 475 participants, (Wadhwani et al., 

2013).  

Chaabane et al. (2013) reported that DIP is the third most common diagnosis in a 

study of 118 patients presenting with cutaneous drug-induced adverse effects. Nineteen 

cases of photosensitisation were identified with cardiovascular drugs (thiazide diuretics 

and amiodarone) the most common culprit. NSAIDs, fluoroquinolones, tetracyclines, lipid-

lowering fenofibrate and neuroleptics were also identified as culprit drugs (Chaabane et al., 

2013). 

Nakao et al. (2017) reviewed an adverse drug event database and found 330 reports 

of DIP amongst 430,587 reports submitted (0.77%). This lower rate of DIP prevalence 

compared with studies which report on patients attending outpatient departments may be 

due to the nature of adverse incident reporting with DIP potentially not reported due to 

constraints on clinicians’ time and awareness both of DIP and reporting systems (Nakao et 

al., 2017).  

A retrospective report from the Dundee Photobiology Unit (Ninewells Hospital, 

Scotland), found DIP prevalence rate of 4% amongst patients that bad been refereed for 

phototesting due to suspected photosensitivity (Dawe and Ibbotson, 2014). The first project 

of this thesis which was a retrospective review of patients referred for photoinvestigation, 

found the prevalence rate of 5.44% (Alrashidi et al., 2020). 

As it can be seen, a wide range of DIP rates have been reported ranging from as low 

as 1.9% to 14.5% This wide range of results may be partially explained by older reports 

including drugs that have since been discontinued (Khoo et al., 1996) with more recent 

publications, with a similar culprit drug profile, reporting prevalence rates somewhat more 

similar to the data presented in this thesis, for example, the DIP prevalence of 1.9 % by 

Wadhwani et al (2013) versus our 5.4%. 
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As authors have highlighted it is difficult to compare across different healthcare 

systems due to different prescribing practices (Wong and Khoo, 2005). Further, 

comparison between countries may also be affected by factors such as phototype which has 

been suggested to impact DIP rates (Nakamura et al., 2014) and the challenges of making 

assumptions about phototype based on country have been highlighted (Stratigos et al., 

2003). 

Prospective evaluations of the community-based drug photosensitivity within the UK 

are lacking and the findings presented here represent the first investigation of the 

community DIP rate and key culprit drugs. 

 The potential photosensitisers 

 Anti-hypertensives 

By far the greatest number of participants (19.7%) were taking drugs broadly 

grouped into the anti-hypertensive category. This is unsurprising given recent estimates of 

the prevalence of the cardiovascular disease in the population at 21.3% (Hinton et al., 

2018). A study of management of hypertension in 21,024 patients diagnosed in UK general 

practice found that diuretics and beta-blockers made up 32% and 22% respectively of first-

line treatment for hypertension (Walley et al., 2003). A more recent study found  that of 

1,275,174 patients diagnosed in UK general practice, 13% were taking ACE inhibitors, 

11.7% CCBs, 8,9% beta-blockers, 7.75% thiazide diuretics and 4.9% angiotensin receptor 

blocker (ARBs) (Hinton et al., 2018); this compares to our results (n= 475), where the rates 

were lower at 4.8%, 5%, 3.9%, 1.5% and 2.2% respectively. 

The higher prescribing rates reported for these anti-hypertensive drugs by Hinton et 

al. (2018) is significant in terms of DIP as 44% of our anti-hypertensive drugs were 

potential photosensitisers with the majority of potential photosensitisers in the subclasses 

ACEs inhibitors (50%), ARBs (80%), CCBs (66%) and thiazide diuretic agents (100%). 

Using the figures presented by Hinton et al. (2018) this would represent, for example, 

82,886 patients seen in general practice potentially taking photosensitising ACEs 

inhibitors. Thus, the numbers of patients at risk of possible DIP may be greater in the 

community due to the higher prescribing rates than we observed amongst our participants. 
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Amongst the n=10 group, amlodipine-associated DIP was identified in two cases 

representing 3.9% of the 51 participants who were taking this particular calcium channel 

blocker (Table 4-4). Eight cases of amlodipine associated with photodistributed 

telangiectasia were reviewed Bakkour et al. (2013) with the further case reported in 2017 

(Bakkour et al., 2013, Rojas Mora et al., 2017). Onset typically occurs within one year of 

commencing the medication with remission reported as occurring after at least three 

months of withdrawal (Ioulios et al., 2003). It is interesting to note that in two of our 

participants, symptom onsets occurred two years after commencing amlodipine and 

simvastatin or amlodipine and citalopram. It is possible that the dosage of the participant’s 

medication was increased at some point closer to the onset of their symptoms. The 

questionnaire was not designed to capture that information; however, such detail would be 

identified as part of a full photoinvestigation. 

Diltiazem was suspected in one of the ten probable cases; thus, probable diltiazem 

DIP occurred in 20% (five were taking this medication) amongst the 475 participants. 

However, this participant was taking a further six potential photosensitising agents; 

therefore, phototesting would be recommended to establish greater confidence for a causal 

relationship. The first project of this study found only a single case of DIP attributable to 

diltiazem following photoinvestigation. Diltiazem has a long history of association with 

DIP; early report describe photosensitive erythroderma (Young et al., 1990, Wittal et al., 

1992). However, the majority of case reports describe a slate grey reticulated 

photodistributed hyperpigmentation (Boyer et al., 2003a, Jaka et al., 2011, Kubo et al., 

2010, Scherschun et al., 2001). The action spectrum of diltiazem has been reported as both 

UVA (O'Reilly et al., 1999) and UVB (Saladi et al., 2006, Desai et al., 2010). The duration 

between commencement of medication and onset of DIP has been reported to range from 

6-8 months (Jaka et al., 2011, Scherschun et al., 2001).  

Irbesartan DIP is rarely reported; Viola et al. (2015) reviewed the World Health 

Organization Global Individual Case Safety Report database, VigiBase®, and found 46 

reports of “photosensitivity” and one of “solar dermatitis” for irbesartan between 1999 and 

2014. Of these 47 reports, three were identified as “well documented” with participants 

taking no other known photosensitisers (Viola et al., 2015). Nakao et al. (2017) reviewed 

the Japanese adverse drug event report database and noted that for the combination of 

irbesartan and amlodipine; 96 adverse events were reported between 2004 and 2016, of 

which one was classified as photosensitivity (Nakao et al., 2017). Photoinvestigation as 

reported in part one of this study did not find any cases of irbesartan-associated DIP.  
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The questionnaire identified six participants amongst the 475 who were taking 

irbesartan and of these, a “probable DIP” was found in only one case (16.7%). However, it 

must be noted that this participant was taking a further five known potential 

photosensitisers: azathioprine, diltiazem, quinine sulphate, indapamide and simvastatin. 

Indapamide is a thiazide-like diuretic and was taken by four of the 475 participants; 

it was found to temporally correlate with an abnormal sunlight response in one out of the 

ten (10%) probable cases of DIP participant. However, this participant was taking a further 

five potential photosensitising agents therefore phototesting would be required to establish 

greater confidence for a causal relationship.  

Very few reports of indapamide-associated DIP exist (Rutherford and Sinclair, 

2007); however, Jensen et al. (2008) have reported an increased risk of malignant 

melanoma in indapamide users (Jensen et al., 2008). 

 Anti-depressants 

The majority (80%) of antidepressant taken by the n =475 participants were potential 

photosensitising agents. Antidepressant prescribing levels within the UK reported by 

Marsden et al. (2019) reveal 16.6% of the UK population had one or more antidepressant 

prescriptions between 2017 and 2018 (Marsden et al., 2019). Of the 475 participants within 

our study taking antidepressant was lower (6.8%). Potentially photosensitising SSRIs were 

the antidepressant taken by the majority of participants (52%). The predominance of SSRIs 

in antidepressant prescribing has been previously reported (Bauer et al., 2008); however, 

they report slightly higher levels of SNRIs prescribing than tricyclic antidepressants, whilst 

in this study, the findings were reversed (SNRI: 6% and TCA 40.6%). This difference in 

prescribing patterns may be significant since all the TCAs taken by our participants were 

potential photosensitisers. 

In our participants (n=10), citalopram was a possible culprit in two (8.7%) of 23 

participants taking this SSRI whilst sertraline was suspected in a further two of 18 cases 

(11%) of all 1,416 drugs taken by 475 participants (Table 4-4). There are relatively few 

reports of photosensitivity associated with SSRIs; citalopram has been associated clinically 

with photodistributed hyperpigmentation and drug-induced SLCE was reported in one case 

(Röhrs et al., 2012, I˚ nalöz et al., 2001), and a photoallergic reaction has been reported 

with sertraline (Lin et al., 2009).  
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The first study included in this thesis found that in patients who underwent 

photoinvestigation, SSRIs accounted for only 4.1% of cases, two due to sertraline and one 

due to citalopram. 

Few reports give any indication of the prevalence of DIP associated with these drugs; 

Korzeniowska et al. (2019) report six of their 356 patients were taking citalopram and 11 

were taking sertraline but they found no cases of DIP. As with many of the drugs identified 

as possible culprit photosensitisers, prescribing levels are high (90,406 and 72,246 for 

citalopram and sertraline respectively, so that even rare adverse reactions may affect many 

individuals .( Business Services Authority 2020) 

 Proton pump inhibitors  

For the 475 participants in this study, the prevalence of PPIs was 9.3% (132 of 1416 

drugs) of which 77% (102 of 132 PPI’s) were known potential photosensitisers (Table 4-

4); therefore, photosensitising PPIs represented 7.2% (102 of 1416) of the 475 participants, 

rising to 12.2% amongst the 112 subset taking a potential photosensitiser and reporting 

atypical sunlight responses . Omeprazole was the main culprit drug, being taken by 6.8% 

of all 475 participants (Table 4-4). The numbers of participants taking PPIs within our 

study was very similar to the estimate of national prescribing levels, where a point 

prevalence of 7.7% in 2014 has been reported (Othman et al., 2016). The relatively high 

prescribing rate combined with greater prescribing of PPIs associate with photosensitivity 

(i.e. esomeprazole, omeprazole and pantoprazole) increases the likelihood of DIP being 

observed. Considering the ten participants identified as probable DIP, five participants 

were taking the potentially photosensitising omeprazole, which represents 5.1% of those 

taking this drug (n = 97). The first presented study, 12 cases were attributable to PPI 

(9.8%), of which eight were associated with omeprazole (Alrashidi et al., 2020).  

PPIs are most commonly associated with drug-induced SCLE: esomeprazole  

(Alcántara-González et al., 2011, Gliem et al., 2017b), lansoprazole (Bracke et al., 2005a, 

Panting, 2009), report five cases of cutaneous lupus erythematosus: 

lansoprazole/omeprazole/pantoprazole (Dam, 2008) and pantoprazole and  esomeprazole 

(Almebayadh et al., 2013).  
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Sandholt et al. (2014) reviewed the medical records of 727 patients referred to a 

hospital Dermatology and Allergy Department in Denmark between 1994 and 2013; they 

identified 121 patients where drugs were potentially causing, or aggravating, lupus 

erythematosus, of which 24 were PPIs, and five cases were linked specifically to 

omeprazole (Sandholdt et al., 2014). A report from the same cohort of patients identified a 

further case of drug-induced SCLE associated with omeprazole, bringing the total to six 

over 19 years (Dam and Bygum, 2008). Grönhagen et al. (2012) found that in a 

population-based case-controlled study of 234 SCLE in Sweden, the odds ratio of 

developing a photosensitivity reaction after taking PPIs was 2.9 (Grönhagen et al., 2012). 

A review of the literature was unable to find any reports of omeprazole-associated DIP that 

were not associated with lupus. However, the omeprazole patient information leaflet listed 

photosensitivity as a rare side effect.  

Omeprazole has been available for clinical use since 1988 and is widely prescribed, 

for example, 164,369 prescriptions (new and/or repeat) were issued by NHS England in 

December 2019 ( Business Services Authority 2020). One plausible reason for the high 

number of omeprazole-associated cases, therefore, might be the increased use in the 

current decade. Given the high prescribing levels our finding of DIP may therefore be 

clinically relevant and these results should be disseminated to the wider clinical 

community (Alrashidi et al., 2020).  

 Cholesterol-lowering agents 

Amongst the 475 participants, 108 (7.63%) were taking cholesterol-lowering agents. 

Hawkes et al.(2017) has suggested that by following NICE guidance, as many as 37% of 

all adults aged 30-84 would be recommended statin therapy (Hawkes, 2017), while Hinton 

et al. (2018) reported 12.8% of 1,275,174 patients attending general practice were taking 

statins (Hinton et al., 2018), a figure higher than that observed in our participants. 

Amongst our probable DIP participants (n= 10), the cholesterol-lowering agents, 

atorvastatin and simvastatin, were suspect drugs in three participants representing 6.4% of 

the 47 individuals within the 475 participants taking cholesterol lowering agents ( Table 4-

4); While earlier photoinvestigation results had shown that statins account for six  (5.7%) 

DIP cases (two cases with atorvastatin and five cases with simvastatin). 
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Atorvastatin is the statin recommended in the NICE clinical guideline CG181 

(Cardiovascular disease: risk assessment and reduction including lipid modification) and 

was prescribed 235,048 times in the UK by the NHS in December 2019 while simvastatin 

was prescribed on 100,209 occasions ( Business Services Authority 2020). 

Korzeniowska et al. (2019), in a study from Poland, also note more frequent 

prescribing of atorvastatin (191/356) than simvastatin (23/356), reporting two cases of DIP 

for both atorvastatin (1.04%) and simvastatin (8.7%) in a cohort of 356 older (65-98 years) 

patients (Korzeniowska et al., 2019). Wong et al. (2019) reviewed 104,372 adverse 

cutaneous drug reactions reported in Singapore between 2006 and 2015 (Wong et al., 

2019). They reported 113 incidents of photosensitivity involving 123-suspected drugs of 

which five were simvastatin. Simvastatin appears to be more frequently associated with 

photosensitivity than atorvastatin; however, the over the double prescribing rate of 

atorvastatin in NHS England may results in broadly similar number of DIP patients being 

seen (NHS Business Service Authority 2020). 

 Non-steroidal anti-inflammatory drugs 

Non-steroidal anti-inflammatory drugs are widely prescribed accounting for over 15 

million prescriptions in 2014 (Davis and Robson, 2016) and they have been reported to 

account for 29.6% of hospital admissions due to adverse drug reactions (Pirmohamed et 

al., 2004). A total number of 122 (8.6%) participants in our study were taking eight 

different types of NSAIDs, of which five, representing 51.6% of all NSAIDS taken, were 

potential photosensitising agents (62.5%; Table 4-4). 

Five NSAIDs were associated with photosensitivity: ibuprofen (taken by 28 people), 

diclofenac (taken by four people), mefenamic acid and sulindac (taken by two people each) 

and naproxen (taken by 27 people; Table 4-4). Naproxen was identified as the culprit 

photosensitiser in a single participant of the ten-probable case of DIP. The participant was 

taking no other known photosensitising agents. Twenty-seven of 122 possible DIP 

respondents were taking naproxen; thus naproxen-associated probable DIP occurred at a 

rate of 3.7%. Naproxen photosensitivity is well documented, with 29 cases of 

pseudoporphyria (Farr et al., 1985, Levy et al., 1990, Lützow-Holm, 1991, Maerker et al., 

2001, Rivers and Barnetson, 1989, Suarez et al., 1990, Stenberg, 1990) and 

photodistributed erythema multiforme and lichenoid photosensitivity have been described 

in 2 cases (Gutiérrez‐González et al., 2011). 



168 

 

As has photosensitisation (Shelley et al., 1986) and erythema (Diffey et al., 1983). 

Nakao et al. (2017) analysed DIP reports submitted to Japanese Adverse Drug Event 

Report database and found 15/330 cases of NSAID-associated DIP but none involving 

naproxen (Nakao et al., 2017). Similarly, Korzeniowska et al. (2019) reported that of 61 

patients using naproxen, no cases of photosensitivity were observed (Korzeniowska et al., 

2019). 

 Chemotherapeutic agents 

Twenty-five participants were taking methotrexate representing 1.76% of all 1,416  

drugs taken (Table 4-4). Of these 25 participants, the questionnaire identified one case as a 

probable DIP (4%); however, the subject was also taking omeprazole and sertraline, hence 

photoinvestigation would be required to confirm the culprit photosensitiser. 

Methotrexate photosensitivity has been found in a case report of a young child who 

developed erythema and vesicles following methotrexate treatment and light exposure 

(Fernández et al., 2012). Roenigk et al. (1969) reported photosensitivity in 5% of 204 

patients receiving methotrexate to treat psoriasis (Roenigk et al., 1969). 

 There have been several reports of a phenomenon described as false photosensitivity 

where methotrexate reactivates a UVB or radiation-induced injury that occurred previously 

(Thami et al., 2002, Khan et al., 2000, Neiman and Fye, 1985, Möller, 1969). It has also 

been suggested that methotrexate can cause photosensitivity when used in combination 

with other drugs such as voriconazole (van Hasselt et al., 2013).  

 Anti-diabetic agents 

Fifty-four participants were taking anti-diabetic agents representing 3.8% of all 1,416 

drugs taken by 475 participants (Table 4-4). Although nine different anti-diabetic drugs 

were taken, the majority of participants were taking metformin (41 participants; 75.9%) 

and only metformin was associated with photosensitivity amongst our participants. 

Metformin was identified as a potential culprit drug in a single participant of the ten 

probable DIP cases and this subject was taking metformin as their only potential 

photosensitising agent at the time of onset of symptoms. This reflects national patterns of 

prescribing that have reported 73% initiating treatment for type 2 diabetes with metformin 

(Wilkinson et al., 2018).  
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There have been few reports of metformin-induced photosensitivity; Kastalli et al. 

(2009) reported three cases of metformin-induced photosensitivity with symptoms 

described as eczematous or erythematous lesions occurring between 22 days and four years 

after commencing the medication (Kastalli et al., 2009). Korzeniowska et al. (2019) in 

their survey of 356 patients attending outpatient departments reported an adverse 

photosensitivity reaction (erythema) in two of 95 patients taking metformin (Korzeniowska 

et al., 2019). They additionally highlight that metformin is not widely regarded as a 

photosensitising drug and conclude that this increases the potential for cases of 

photosensitivity to be missed. Metformin became available in the UK in 1958 and 

worldwide, is reportedly the most prescribed glucose-lowering medication (Bailey, 2017); 

therefore, even a low incidence of photosensitivity may affect many patients. 

 Anti-malarial 

The anti-malarial drugs, quinine and hydroxychloroquine were taken by 12 (0.85%) 

participants of all 1,416 drugs taken by 475 participants (Table 4-4). Despite the relatively 

low numbers taking these drugs, probable DIP was identified in one case of quinine and 

one case of hydroxychloroquine representing 33.3% and 11.1% of participants taking these 

medications. The potential photosensitivity activity of quinine has been known for over 

150 years (Spikes, 1998) with over 27 clinical publications recently reviewed by Hofmann 

et al. (2020)  (Hofmann et al., 2020). The most commonly identified drug associated with 

DIP by photoinvestigation in our first study was quinine, which represented 11.5%; 

however, the questionnaire identified only one probable case of quinine-induced 

photosensitivity and this participant was taking five other potential photosensitising agents.  

Hydroxychloroquine has been used since the 1960s (Gabourel, 1963); however, 

reports of DIP are uncommon, with only seven cases reported in the literature (Metayer et 

al., 2001, Callaly et al., 2008, Lisi et al., 2004, van Weelden et al., 1982). The 

questionnaire identified a single participant with hydroxychloroquine-induced probable 

DIP; this participant was also taking azathioprine, another known photosensitising agent. 

Prescribing levels of quinine (sulphate and bisulphate) are more than double that of 

hydroxychloroquine (14,703 and 5885, respectively) ( Business Services Authority 2020). 

A search conducted of the WHO global database of individual case safety reports, 

VigiBase® (Lindquist 2008), using VigiAccess® showed 62 reports of photosensitivity for 

quinine and 166 for hydroxychloroquine (Lindquist, 2008). 
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Wong et al. (2019) reviewed 104,372 adverse cutaneous drug reactions reported in 

Singapore between 2006 and 2015. They reported 113 incidents of photosensitivity 

involving 123-suspected drugs of which two were attributable to hydroxychloroquine. 

Although these databases give an indication of the prevalence of side effects, no evaluation 

of the quality of the attribution was made; for example, it was not known if the patients 

were taking one or many potential photosensitisers, whether phototesting was carried out 

or whether symptoms resolved on withdrawal of the drug. 

 Immunomodulators 

Immunomodulatory drugs made up a relatively small proportion (0.78%) of the 

drugs taken by the n=475 group. Azathioprine was a suspected culprit in two participants 

with probable DIP (n=10), both taking more than one potential photosensitiser. Thus, two 

of the three participants taking azathioprine and 18% of the 11 participants taking 

immunomodulatory drugs (Table 4-4), were identified as a probable DIP.  

In the first study contained within this thesis, azathioprine was identified in a single 

case amongst patients that had undergone photoinvestigation within the Photobiology Unit 

at Salford Royal Hospital (Alrashidi et al., 2020). Azathioprine is a photosensitiser that 

produces reactive oxygen species on interaction with light and is reported to reduce the 

erythemal threshold to UVA (Hofbauer et al., 2012, Perrett et al., 2008) and so increasing 

the risk of skin cancer in immunosuppressed patients (Jiyad et al., 2016). Reports of 

incidence of photosensitivity could not be found; however, the British National Formulary 

(2020) describe photosensitivity and neoplasm as “rare or very rare” clinical events and 

similarly the summary of product characteristics describes the incidence of photosensitivity 

as “unknown” (Electronic Medicines Compendium 2019).  

A search of World Health Organisation adverse drug event database, VigiBase® 

(Lindquist 2008) using VigiAccess®, showed 101 reports of photosensitivity (Lindquist, 

2008). As azathioprine is known to increase the risk of SCC development, it is important 

that patients who identify themselves as having redness and/or a burning reaction that they 

do not think is normal sunburn and is more severe than that observed in their family and 

friends, are properly monitored by a dermatologist. 
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 Effectiveness of sun protection measures 

The majority of participants, both those categorised as ‘probable DIP’ (n=10) and 

‘possible DIP’ (n=112), reported a worsening of their symptoms in the summer and on 

sunny days. These observations might be expected as UVR levels are greater in the 

summer months (Sliney and Wengraitis, 2006, Diffey, 2018) and the absence of cloud 

cover (Andersen et al., 2010); thus, conditions induced or exacerbated by UVR might be 

expected to worsen.  

Amongst the participants where there was no temporal relationship between 

redness/burning and medication, using sunscreen eased symptoms for the majority. 

However, for the patients with probable DIP, the benefits of sunscreen use were less clear, 

with 50% reporting no effect on their symptoms. The questionnaire design was not 

formulated to collect detailed information about the type of sunscreen that had been used. 

For example, a high SPF/ low UVA sunscreen could be less effective than a broad-

spectrum one for patients taking drugs that absorb in the UVA range, and this may partly 

account for the larger number of patients reporting no effect of sunscreen. 

 Sunscreen application is known to be suboptimal and with the increased sensitivity 

associated with DIP and other photosensitivity disorders, the correct application would be 

essential for maximum benefit (Petersen and Wulf, 2014, Jovanovic et al., 2017). For 

patients diagnosed with a photosensitivity disorder (described in Chapter One of this 

thesis), education in correct sunscreen application technique should include advice on the 

importance of a double application (Heerfordt et al., 2018) and the thickness of that 

application (Teramura et al., 2012).  

A Danish study reported that there had been an improvement in the SPF factor 

chosen by the public rising from SPF5 in 1997 to SPF 20 in 2016 (Heerfordt et al., 2017); 

however, this is considerably lower than would be recommended by clinical 

photobiologists, the Photobiology Unit at Salford Royal Hospital recommends SPF50+ for 

photosensitive patients. Although SPF measures protection against UVB, it does not 

provide information about how much UVA protection is provided. Many sunscreens can 

provide good UVB protection but insufficient UVA protection (Marionnet et al., 2015). As 

discussed in part one study, DIP is associated with increased sensitivity to UVA therefore 

even though participants stated they were using sunscreen they might be choosing a 

product that does not offer adequate UVA protection.   
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The majority (80 %). of participants reported a benefit from clothing, for example, 

their symptoms were reduced when covered with clothing before sun exposure. Clothing 

can offer excellent protection (Ghazi et al., 2010, Morison, 2003, Broeshart et al., 2003), 

but the choice of clothing is critical and may not be widely known amongst the general 

public. Gambichler et al. (2002) noted that one-third of summer clothing provided a UVR 

protection factor of less than 15 and Adam (1998) reported a standard t-shirt might only 

offer a protection factor of 7 (Gambichler et al., 2002, Adam, 1998).  

However, the protection afforded by clothing can be improved by careful selection. 

Wang et al. (2001) reported the effects of laundering on a standard t-shirt and noted the use 

of detergents and UVR absorbers increased the UVR protection factor by as much as 400% 

(Wang et al., 2001); similarly, Gamblichler et al. (2001) noted that darker colours afforded 

better protection than lighter ones (Gambichler et al., 2001).  

To aid in the selection of UVR protection factor’ (UPF) clothing, a European 

standard has now been established that states that clothing may be labelled UVP 40+ if 

having a UVR protection factor above 40 and transmitting less than 5% of UVA 

(Gambichler et al., 2006). The majority of participants benefitted from physical 

photoprotective measures; however, it would be interesting to further investigate sunscreen 

and clothing choices in further detail particularly amongst participants who felt they were 

of no benefit. 
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 Strengths and weaknesses of the study 

Analysis and interpretation of data from the questionnaire allowed the identification 

of 10 cases of “probable DIP”. These individuals would require a full photoinvestigation to 

confirm the suspected diagnosis. Further, the questionnaire highlighted how many 

participants were taking potential photosensitisers and were thus at risk of DIP. The 

questionnaire was a quick and easy tool to use and with further validation could be used to 

rapidly screen participants for potential DIP. 

The response rate to the study was 53.8%. Although this value was perhaps lower 

than might have been hoped for, it is broadly similar to previous response rates reported by 

a questionnaire-based study at the Photobiology Unit at Salford Royal Hospital (Jong et al., 

2008). 

The issue of lower response rates in epidemiological-based studies has been 

highlighted. Lower response rates may be associated with non-participation bias 

potentially leading to inaccurate results. A range of reasons have been suggested including 

request overload, perceived lack of relevance and time commitment required (Galea and 

Tracy, 2007, Harrison et al., 2020, Flink et al., 2019, Arfken and Balon, 2011).  

The mean age of the participants was 64 (range 40-94) for the 475 groups and 62.1 

(range 45-88) for the 112 participants reflecting the association between age and the 

tendency to be taking some form of medication. Females made up 63.6% of our 

respondents, a figure very similar to that reported by Korzeniowska et al. (2019) who 

reported 63% female respondents (Korzeniowska et al., 2019). This predominance of 

women raises the potential for gender bias. It has been reported that women are more likely 

to receive prescriptions of antibiotics (Ramos et al., 2015, Schröder et al., 2016), whilst 

men are more likely to receive an opioid prescription (Preciado et al., 2020); similarly, an 

American study also reported that women are significantly more likely to be taking several 

medicines (Manteuffel et al., 2014). Although historically women are underrepresented in 

clinical trials (Bartlett et al., 2005), this may be related to their not having been offered the 

opportunity to participate. A recent study inviting the public to join a recruitment registry 

found female participation to be higher (Kannan et al., 2019). Similarly, Ramos et al. 

(2015) reported men were less likely to take part in epidemiological studies (Ramos et al., 

2015). In this study 112 felt they had a redness/burning feeling that was not sunburn and 

was worse than family and friends, yet a temporal relationship to medication could only be 

found in ten participants.  
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The question, therefore, arises ‘what could be causing this perceived abnormal 

response?’  

It is possible that some of the participants had an undiagnosed photosensitivity 

disorder. Polymorphic light eruption with a prevalence of 17.3% reported for the UK 

(Rhodes et al., 2010); thus one might expect in 19 cases amongst the 112 participants, 

although typically PLE is described as a papular vesicular rash rather than burning/redness 

(Ling et al., 2003). Other possible photosensitivity disorders include chronic actinic 

dermatitis, typically more common in older and male populations (Ferguson, 2006), 

although exceptions have been reported (Ogboli and Rhodes, 2000).  

Solar urticaria is associated with rapid onset erythema that resolves within hours 

(Beattie, 2006), which participants might describe as a burning redness. One participant 

reported a worsening of their symptoms when using sunscreen, which must also raise the 

possibility of a contact/photocontact allergic reaction. It is interesting to note that the 

majority of this subset also reported a worsening of their symptoms in the summer and on 

sunny days, responses typical of photosensitivity disorders such as polymorphic light 

eruption (Ling et al., 2003) or SLE (Hasan et al., 2004).  

A further confounding factor amongst this group could be recall bias (Spencer et al., 

2017). We were asking participants to recall drug start dates from a considerable time ago, 

and it is possible that recall was not always accurate.  

In this study, an association was found between Fitzpatrick skin types and perceived 

abnormal responses, with skin type I more likely to report a response that they felt was not 

normal sunburn than skin type IV amongst the possible DIP subset. This may have been 

simply due to confusion between the perception of a “normal” and a “not normal” sunburn 

response; however, it is also possible that these participants had incorrectly recalled 

medication start dates and were indeed taking potential photosensitisers. The relationship 

between DIP and skin phototype has not been widely examined. Kerr and Lim (2007) 

found no significant difference between DIP rates in African Americans and Caucasians 

(Kerr and Lim, 2007); however, a follow-up study in 2014 found DIP rates to be 

significantly higher in Caucasians (Nakamura et al., 2014). However, they do state that in 

these retrospective studies only broad racial categories were available and that African 

Americans and Caucasians can have overlapping phototypes. 
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Higher rates of DIP were reported from Norway (8%) (Selvaag, 1997) than the UK 

(Dawe and Ibbotson, 2014) and Greece (4.8%; (Stratigos et al., 2003) although they 

caution against assumptions of skin type based on country noting that although Greeks are 

assumed to have darker skin a substantial number have light skin (Types II & III). 

Three reports from India have broadly similar rates (2%) (Patel and Marfatia, 2008), 

3.8% (Saha et al., 2012) and 1.9% (Wadhwani et al., 2013). Only the last study gives 

phototype data noting all participants were skin types IV-VI (Wadhwani et al., 2013). The 

highest rates of DIP were reported from Singapore (11.3% ) (Khoo et al., 1996) and 13% 

(Wong and Khoo, 2005); however, no indication of phototype was given in the former 

study and the latter study lists only ethnicities which it does not break down for the DIP 

patients. Maresca et al. (2006) note that pheomelanin, typically present in higher 

abundance in skin types I and II, is less effective at scavenging free radicals than 

eumelanin, present in darker phototypes (Maresca et al., 2006); thus potential 

photosensitisers that generate reactive oxygen species may have a greater impact on lighter 

skins. However, Schiener et al. (2001) found no correlation between skin phototype and 

minimum phototoxic dose following psoralen bath exposure (Schiener et al., 2001). It 

would be of interest in any future work to explore the relationship between skin phototype 

and DIP.  
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 Further outcomes 

A further aim of this study was to determine the key characteristics of participants 

identified as probable cases of DIP in order to identify factors that may predict which 

patients are at risk of DIP; however, this was not possible due to low number of probable 

cases of DIP identified and the fact that the majority were taking more than one potential 

photosensitiser that temporarily correlated with their symptoms. 

Results from this project did highlight that not everyone taking a potential 

photosensitiser will develop symptoms of photosensitivity. There may be several reasons 

for this. Drug dose and cumulative treatment time may have an impact, for example, Sheu 

et al. (2015) reported increased risk of voriconazole phototoxicity in children treated for 6 

months or longer (Sheu et al 2015). 

 Photosensitivity reactions and photodamage associated with the phototoxic response 

may increase the risk of skin cancer development (Stern, 1998). Voriconazole 

phototoxicity has been associated with squamous cell carcinoma (SCC) development 

(McCarthy et al., 2007, Cowen et al., 2010) with cumulative treatment time and dose both 

factors predictors of this endpoint (Singer et al., 2012). 

The risk of DIP due to combination of drugs has not been widely examined, although 

case studies of phototoxic reaction due to combined drugs gave been reported (Amelot et 

al., 2014, Richarz et al., 2017). The photocarcinogenic potential of drug combinations, for 

example, Jensen et al. (2008) reported an increased risk of developing squamous cell 

carcinoma and malignant melanoma following combined amiloride and 

hydrochlorothiazide (Jensen et al., 2008). Further, in vitro studies have suggested a 

combination of the tyrosine kinase inhibitor anti-cancer drugs gefitinib and imatinib might 

increase the risk of retinal phototoxicity when combined with ciprofloxacin (Mealey et al., 

2014).  

Pre-existing conditions can also increase the risk of a phototoxic response. For 

example, Tolland et al. (2012) reported that ciprofloxacin phototoxicity was increased in 

patients with pre-existing cystic fibrosis (Tolland et al., 2012). Even the time at which a 

medicine is taken may affect the patients reporting of photosensitivity side effects. A study 

by Lowe et al. (1994) found that evening dosing with quinolone antimicrobial 

lomefloxacin was associated with reduced UVR sensitivity compared to morning dosing 

(Lowe et al., 1994). 
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The potential impact of skin type was highlighted above in the lower incidence of 

DIP reported amongst African Americans versus Caucasians, although it should be noted 

that this classification was based on ethnicity rather than phototype (Nakamura et al., 

2014). Similarly, Kligman et a.l. (1982) examined photosensitivity following 

benoxaprofen in healthy volunteers and noted a greater risk in skin types I & II (Kligman 

and Kaidbey, 1982).  

The benefits of good sun protection practices in preventing photosensitivity 

symptoms developing have been reported (Grose and Ramien, 2019, Medeiros and Lim, 

2010, Korzeniowska et al., 2019),  It is possible that a proportion of the participants taking 

potential photosensitising drugs did not report atypical responses due to sunlight as they 

were adequately photo protecting. Further study characterising the dose, time of dosing 

treatment, duration, drug combinations, pre-existing conditions, type and usage of 

photoprotective measures may help in predication the population at risk of developing DIP. 
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 Conclusion  

The data analysis suggested that the community-based prevalence of probable cases 

of DIP was 2.1%, where PPIs, ACEs, ARBs and statins were the most common culprit 

class of medications. Statins were not among the previously most commonly reported 

culprits. This potentially reflecting an increase in the prescription rate of these medications 

and their requirement to treat other age-related health conditions. The questionnaire 

allowed the identification of ten ‘probable’ cases of DIP; however, further phototesting 

would be required to confirm these results, which highlights the importance of this 

comprehensive clinical photobiology testing service. This initial use of the questionnaire 

suggests it has potential as a tool to quickly screen patients for possible DIP, although 

further validation would be required to address some of the issues highlighted. 
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 Conclusion  

Drug-induced photosensitivity (DIP) is a potential side effect of medications that can 

easily be undiagnosed or under-reported, leading to an underestimation of its prevalence. 

Additionally, the prevalence of DIP varies with different drug classes and in individuals’ 

responses to the same medicine. Several factors can affect the prevalence of DIP; as a 

result, estimation of the prevalence is not a straight forward process. In the UK the 

prevalence of DIP has been previously reported to be 4% (Dawe and Ibbotson, 2014). 

Additionally, with the constant development of novel medications, there is always the 

possibility that DIP will be an undesirable or unappreciated side effect. Thus, a better 

understanding of potential current culprit drugs that may induce DIP, the diagnostic 

characteristics of the reaction and the impact of DIP on the QoL are essential. 

My thesis has studied several factors of DIP, namely the prevalence and clinical 

characteristics of the reaction using a retrospective data set of photosensitive patients 

diagnosed in the Photobiology Unit at Salford Royal Teaching Hospital (Salford Royal 

NHS Foundation Trust; 2000-2016), and data collected from a wider community 

(outpatients department at Salford Royal Teaching Hospital; 2018-2019). 

 Study 1 (Chapter 3): Prevalence of drug-induced photosensitivity in 

patients’ undergoing photoinvestigation 

The study design was a case series of patients who were diagnosed at the 

Photobiology Unit (The Dermatology Centre, Salford Royal NHS Foundation Trust, UK) 

from 2000 to 2016. Study aims were first, estimation of DIP prevalence amongst patients 

who were diagnosed with photosensitivity conditions. Second, identification of culprit 

drugs associated with DIP amongst this population and exploring for any emerging 

potential photosensitisers. Third, identifying the clinical and photobiological characteristics 

of these patients. Finally, studying the effects of DIP on the patient’s quality of life. 

The key findings were that the prevalence of DIP amongst patients referred for 

photoinvestigation was 5.4%; 51 culprit drugs accounted for the cases of DIP, with four 

drug categories making up 44% of cases. These four categories were antimalarial (mainly 

quinine), thiazide diuretics (mainly bendroflumethiazide), antifungal agents (mainly 

voriconazole) and proton pump inhibitors (PPI; mainly omeprazole).  
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Positive provocation test results to broadband UVA was the most common finding 

on photoinvestigation. Abnormal MEDs following monochromator testing to narrowband 

UVA was reported in 85.7% of quinine-associated DIP, 20% of thiazide diuretic-

associated DIP, 41.6% of antifungal-associated DIP and 27.3% of PPI-associated DIP. In 

the majority of the cases (53.3%), the symptoms were manifested during the months of 

spring-summer, while 37.7% reported that they had symptoms throughout the year. 

DLQI results showed that over the week before testing, QoL was moderately 

impaired in 24% of those surveyed, very largely impaired in 22%, and extremely largely 

impaired in 3.7%. When asked to review the impact over the last year, the impact on QoL 

increased (moderate impairment 41%, were very large impairment 31% and extremely 

large impairment in 17.2%). 

This study is significant because it evidences the contribution of DIP diagnosis to 

photosensitivity disorders. Furthermore, a novel finding that DIP due to PPIs (mainly 

omeprazole) presented as a photosensitive eczematous reaction and sunburn-like reactions.  

Rather than drug-induced SCLE, as that has been described previously in the literature; 

lansoprazole (Bracke et al., 2005a, Panting, 2009), lansoprazole, omeprazole and 

pantoprazole (Dam, 2008), pantoprazole and esomeprazole (Almebayadh et al., 2013) and 

omeprazole (Sandholdt et al., 2014, Dam and Bygum, 2008). 

In addition, the study showed the importance of repeated provocation testing to 

broadband UVA as a diagnostic tool and that photosensitivity caused by quinine can be 

effectively diagnosed by monochromator testing to narrowband UVA. Additionally, this 

study showed that DIP has a significant impact on a patient’s quality of life. 

Limitations of this study included: its retrospective nature, which relied on clinical 

notes that had been collected at the time of the diagnosis. Patients were taking a complex 

range of medications and identifying the culprit drug was challenging. Absence of a 

definitive diagnostic test means the diagnosis of DIP should be regarded as probable rather 

than definite, particularly as retesting was not always performed, as travelling long-

distance to the Photobiology Unit was an obstacle for many of the patients. 

Interestingly, the data highlights a developing issue of DIP reactions occurring in 

patients where PPIs were the probable culprit drugs. These findings require further 

validation, potentially using collaborators in multiple centres to corroborate these findings.  
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This study indicated that DIP has a remarkably high impact on the patient’s QoL, so 

clearly demonstrating the need to establish effective management strategies to diagnose the 

condition quickly and provide appropriate alternatives to aid its resolution and so reduce its 

impact on QoL. 

 Study 2 (Chapter 4): Prevalence of drug-induced photosensitivity in the 

outpatient’s clinics community 

The key aims of this study was to estimate the prevalence of DIP in the community. 

Further, to identify the demographic characteristics and the most common potential 

photosensitising. The questionnaire used was a modified version of a questionnaire that 

had been previously developed and used within the Photobiology Unit (The Dermatology 

Centre, University of Manchester, Salford Royal NHS Foundation Trust). The 

questionnaire was used to obtain information from participants attending the outpatients’ 

clinic at Salford Royal Hospital to estimate the prevalence of DIP in the community. 

Participants were categorised into three groups: unlikely, possible, and probable case of 

DIP, with culprit medications and key demographic characteristics being identified. 

The study identified ten probable cases of DIP (2.1%) who were taking 15 drugs that 

were identified as a potential photosensitiser including PPIs, ACIs, ARBs and statins. 

Interestingly, amongst all participants, 1416 different medicine were being taken of which 

a high number (50.4%) were potential photosensitising medications. It was also notable 

that 23.6% of participants reported that they felt they had an abnormal reaction to sun 

exposure, even though this did not appear to be linked to their medication. 

The study provided an estimation of DIP prevalence in the outpatient clinics 

(community), which demonstrated that a questionnaire could potentially be used as a 

screening tool to identify the DIP in the clinic. Additionally, the results highlight 

photosensitivity as a potential issue amongst widely prescribed drugs such as PPIs. 

There were potential issues of bias - particularly recall bias - as the participants were 

asked to recall medicine which had been taken, in some cases, as long as ten years ago.  
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Great effort goes into ensuring that the potential benefits of new medicines outweigh 

any potential side effects. Drugs development aims to avoid structures that are associated 

with phototoxicity such as aromatic ring-shaped planar molecules or conjugated double 

bonds containing nitrogen, sulphur or oxygen in the structure (Tamat and Moore, 1983). In 

vitro testing aims to screen out phototoxic drugs (Onoue et al., 2017, Kim et al., 2015) and 

clinical testing highlights potential side effects before a drug comes to market (Khandpur 

et al., 2017). 

However, there are still new side effects that do not come to light until the drug is 

made widely available and the potential number of undiagnosed DIP may be considerable. 

For example, for the proton pump inhibitors: there are 46,887,724 adults (>19 years) 

patients registered at English GP practices (NHS, Digital 2020). The community-based 

questionnaire in this thesis found 7.2% participants were taking PPI’s, which would 

represent approximately 3,375,916 individuals registered with English GP practices taking 

PPI’s.  

The result from the second project found that the percentage of participants taking 

omeprazole was 6.8% representing 3,188,365 individuals at potential risk of DIP. In 

addition, 5.1% of the questionnaire respondents taking omeprazole had probable DIP. In 

the English population taking omeprazole would represent 162,606 individuals potentially 

with undiagnosed DIP. 

The reporting of adverse incidents is a two-step process requiring both the patient to 

recognise the drug adverse effects and the GP to have both the time and opportunity to 

report the event. Awareness and understanding of photosensitivity as a side effect may not 

be as good as might be expected; therefore, a formal system of proactively asking about 

photosensitivity may be desirable to ensure all photosensitive related side effects are 

captured. 
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 Future work  

A prospective study could be carried out in the future using a questionnaire amended using 

the feedback given by the participants. Potential changes could include:  

• Widen the recruiting age to be above18 years in order to include all DIP in adults. 

•  Make the questions clearer either by collecting the responses via face to face 

interview or by trialling questions amongst focus groups to allow solutions to 

ambiguous questions to be identified. 

• Create a list of medications for the patients to choose from and focus the questions 

on the most common medications that can cause DIP.  

• Ideally, perform some cross checks with the participants GP to verify start and end 

dates for medication particularly where the suspected culprit drug was started many 

years ago. 

• Validate the questionnaire so that it can be used as a quick tool for diagnoses of DIP 

at clinics. Validation is an essential next step to use the questionnaire as a diagnostic 

tool. Questionnaire validation would be a complicated process; however, the benefits 

of a validated screening tool would be considerable.  

• A comprehensive validation study might initially involve recruiting participants at 

the time of starting their new prescription or using medical records to determine 

precise start dates and dosage. The questionnaire could then be used to identify those 

individuals who feel they have an atypical sunlight response with participants being 

invited to undergo photoinvestigation. Correlation of results with medicines being 

taken and the ruling out of other undiagnosed photosensitivity disorders could then 

be performed. 

• Future studies combining the questionnaire and photoinvestigation should ideally be 

performed to confirm the diagnosis. The group of participants who reported an 

atypical sunburn response but could not recall taking any potential photosensitisers 

could also be further investigated. 
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Appendix 1 

Summary of published quinine photosensitivity reports 

Clinical presentation 

 

 

Age Sex No of 

cases 

Drugs References 

Photodistributed eruption 

and eczematous reaction 

(photoallergic reaction) 

72 F 1 Quinine 

hydrochloride 

(Ljunggren and 

Sjövall, 1986) 

Psoriasis patient developed 

photosensitivity and a 

Koebner reaction whilst 

receiving phototherapy 

41 F 1 Quinine (Guzzo and 

Kaidbey, 1990) 

Occupational 

photodermatitis 

(photoallergy reaction) 

NA NA 1 Quinine 

sulphate 

(Jeanmougin et 

al., 1984) 

Photodistributed 

maculopapular vesicles 

(photoallergy reaction) 

38 F 1 Quinine (Nacher et al., 

2005) 

Photodistributed lichenoid 

drug eruption 

76 M 1 Quinine sulfate (Natkunarajah 

et al., 2010a) 

Photosensitive lichenoid 

eruption 

62 - 78 F 5 Quinine 

sulphate 

(Dawson, 1986) 

Lichen planus and photo-

onycholysis 

66 M 1 Quinine 

sulphate 

(Tan et al., 

1989) 

Photodistributed lichenoid 

drug eruption 

78 M 1 Quinidine (Thomas and 

Munro, 1986) 

Photodistributed lichenoid 

drug eruption 

61 F 1 Quinidine (Sarkany, 1967) 

Photosensitive dermatitis NA NA 3 Quinidine 

sulfate 

(Pariser and 

Taylor, 1975) 

Cutaneous photosensitivity 

Pruritic and burning 

oedematous erythema) 

(3cases). 

Lichen planus (one case) 

69–83 3 F 

1 M 

4 Quinine 

sulphate 

(Ferguson et al., 

1987) 

Photoallergic reaction 78 M 1 Quinine 

sulphate 

(Hickey et al., 

2007) 

Photosensitivity from 

excessive intake of tonic 

water 

59 F 1 Quinine 

hydrochloride 

(Wagner et al., 

1994) 

Photocontact contact allergy 75 M 1 Quinine (Liunggren et 

al., 1992) 
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Clinical presentation 

 

 

Age Sex No of 

cases 

Drugs References 

Photodistributed eczema 

and oedema 

69–84 2 F 

1 M 

3 Quinine 

sulphate 

(Diffey et al., 

1988) 

Histological features similar 

to mycosis fungoides 

75 F 1 Quinine 

gluconate 

(Okun et al., 

1994) 

Contact dermatitis 26,27,52 M 3 Quinidine 

sulfate 

(Wahlberg and 

Boman, 1981) 

Photocontact contact allergy 

and telangiectasia 

50 F 1 Quinidine (Calnan, 1978) 
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Appendix 2 

Summary of published thiazide diuretic photosensitivity reports 

Clinical presentation 

 

Age 

 

Sex 

 

No of 

cases 

Drug References 

Photodistributed erythema 

& papulosquamous 

eruptions 

70 F 1 Altizide (thiazide 

diuretic) 

(Schwarze et 

al., 1998b) 

Acute eczematous reaction 68 M 1 Hydrochlorothiazide (White, 1983) 

Lichenoid eruptions 

(hydrochlorothiazide) 

Vesicular eruption 

(chlorothiazide) 

60 F 3 Hydrochlorothiazide 

Chlorothiazide 

(Harber et al., 

1959b) 

Lichen planus 77 M 1 Hydrochlorothiazide (Johnston and 

Coulson, 

2002) 

Petechial rash 78 F 1 Chlorothiazide (NORINS, 

1959) 

Chronic Eczematous 

reaction & persistent 

photosensitivity 

44–68 2 F 

2 M 

4 Hydrochlorothiazide (Robinson et 

al., 1985) 

Pseudoporphyria in areas 

affected by vitiligo 

65 M 1 Hydrochlorothiazide (Motley, 

1990) 

Acute dermatitis 68 M 1 Hydrochlorothiazide (Fernández de 

Cores et al., 

1987) 

Photoleukomelanoderma 68 M 1 Hydrochlorothiazide (Masuoka et 

al., 2011) 

Photo-onycholysis 75 F 1 Indapamide (Rutherford 

and Sinclair, 

2007) 

SLCE 42–68 4 M 

 1 F 

5 Hydrochlorothiazide (Reed et al., 

1985c) 
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Clinical presentation 

 

Age 

 

Sex 

 

No of 

cases 

Drug References 

SLCE 61–75 2 F 

1 M 

3 Hydrochlorothiazide (Darken and 

McBurney, 

1988) 

SLCE 64 F 1 Hydrochlorothiazide (Parodi et al., 

1989) 

SLCE 65 M 1 Hydrochlorothiazide (Brown and 

Deng, 1995) 

Photodistributed erythema 

in all cases. SCLE in two 

cases 

44–65 4 M 

 1 F 

5 Hydrochlorothiazide (Srivastava et 

al., 2003) 

Sunburn-like eruptions NA NA 1 Hydrochlorothiazide (Torinuki, 

1980) 

Photodistributed erythema 

in most patients & SCLE-

like eruption in one patient 

42–75 21 F 

12 

M 

33 Thiazide: 14 

patients; thiazide & 

photoactive drugs:7 

patients; thiazide & 

non-photoactive 

drugs:12 patients 

(Addo et al., 

1987) 
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Appendix 3 

 Summary of published voriconazole photosensitivity reports 

Clinical presentation 

 

Age Sex No of 

cases 

Drug 

 

References 

Photodistributed erythema with 

superimposed blistering 

11,13 M 2 Voriconazole (Rubenstein et 

al., 2004) 

Photodistributed erythema and 

macular eruption 

 

50 M 1 Voriconazole 

 

(Malani and 

Aronoff, 2008) 

Pseudoporphyria 55,53, 

65 

1 F 

2 M 

3 

studies 

Voriconazole 

 

(Dolan et al., 

2004, Sharp 

and Horn, 

2005, Tolland 

et al., 2007) 

Bullous phototoxicity 

 (painful blisters) 

37 F 1 Voriconazole 

 

(Barbosa and 

Wetter, 2014) 

Desquamation of skin and 

cheilitis 

65 M 1 Voriconazole 

 

(Hickman et 

al., 2010) 

Phototoxic reaction 11-86 40 F 

47 M 

87 Voriconazole 

 

(Sheu et al., 

2015) 

Toxic epidermal necrolysis 39,81 1 M 

1 F 

2 Voriconazole (Curigliano et 

al., 2006, 

Huang et al., 

2004) 

Facial erythema and cheilitis 

 (4 cases). Discoid lupus 

erythematosus-like lesions (one 

case) 

38–55 2 F 

3 M 

5 Voriconazole (Denning and 

Griffiths, 

2001) 

Post allogeneic bone marrow 

transplantation who developed 

blistering eruptions 

19,45 

 

1 M 

1 F 

2 Voriconazole (Conlon et al., 

2008) 
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Clinical presentation 

 

Age Sex No of 

cases 

Drug 

 

References 

Photosensitivity in 

immunosuppressed patients 

17–67 5 F 

2 M  

7 Voriconazole (Auffret et al., 

2006) 

Multifocal squamous cell 

carcinomas in an HIV-infected 

patient 

49 M 1 Voriconazole (Brunel et al., 

2008) 

Photosensitivity cystic fibrosis 

patients 

7–18 2 M 

3 F 

5 Voriconazole (Cheng et al., 

2010) 

Photosensitivity reaction and 

skin peeling 

47 M 1 Voriconazole (Cortez et al., 

2003) 

Phototoxic skin reactions, 

cheilitis 

 (2 cases) only, blisters 

formation (one patient) 

4–8 NA 1 Voriconazole (Bernhard et 

al., 2012) 
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Appendix 4 

Summary of published PPI photosensitivity reports 

Clinical 

presentation 
Age Sex 

No 

of 

cases 

Drug References 

SCLE 69 F 1 Esomeprazole 
(Gliem et al., 

2017a) 

SCLE 74 F 1 Esomeprazole 

(Alcántara-

González et al., 

2011) 

SCLE 69 & 63 F 2 Lansoprazole 
(Bracke et al., 

2005b) 

SCLE 60 F 1 Omeprazole 
(Mankia et al., 

2010) 

SCLE 78 & 85 F 2 Omeprazole 
(Toms‐Whittle et 

al., 2011) 

SCLE 61 F 1 Lansoprazole 
(Panting et al., 

2009) 

Phototoxic 

dermatitis & 

discoid lupus 

73 F 1 Pantoprazole 
(Correia et al., 

2001) 

SCLE 63 & 69 F 2 Lansoprazole 
(Bracke et al., 

2005b) 

SCLE 

63 & 51 

57 

61 

50 

F 

M 

F 

F 

5 

Pantoprazole 

Lansoprazole 

Lansoprazole 

Omeprazole 

(Dam and Bygum, 

2008) 

SCLE 60 F 1 Omeprazole 
(Hung et al., 

2015) 

SCLE 
30 

31 

M 

F 
2 

Pantoprazole 

Esomeprazole 

(Almebayadh et 

al., 2013) 

Photoallergic 

dermatitis 
58 F 1 Esomeprazole 

(Shukla et al., 

2010) 
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Appendix 5 

Medicines taken by the study participants and any clinical references 

describing photosensitive/phototoxic responses that were found 

Drug name Reference  

Acenocoumarol No cases found 

Acetazolamide No cases found 

Acyclovir (Rodriguez-Serna et al., 1999) 

Adalimumab (Thakur et al., 2020) 

Aldomin (alpha methyldopa 

sesquihydrate) 
 No cases found 

Alendronic acid No cases found 

Alfuzosin No cases found 

Allopurinol No cases found 

Alogliptin No cases found 

Amiodarone 

(Chalmers et al., 1982, Harris et al., 1983, 

Walter et al., 1984, Weiss et al., 1984, Zachary et al., 

1984, Ferguson et al., 1985, Vila et al., 1985, Boyle, 

1986, Ferguson, 1986, Roupe et al., 1987, Waitzer et 

al., 1987, Rappersberger et al., 1989, Monk, 1990, 

Son and Iugaĭ, 1992, Shah and Warnakulasuriya, 

2004, Reĭngardene and Zhilene, 2005, Yones et al., 

2005, Gonzalez-Arriagada et al., 2013) 

Amitriptyline (Taniguchi and Hamada, 1996) 

Amlodipine 

(Grabczynska and Cowley, 2000, Erbagci, 

2004, Byun et al., 2011, Rojas Mora et al., 2017, 

Bakkour et al., 2013, Cooper and Wojnarowska, 

2003, Basarab et al., 1997) 

Anagliptin No cases found 

Apixaban No cases found 

Arcoxia No cases found 

Aripiprazole (Gregoriou et al., 2008) 

Aspirin No cases found 

Atenolol No cases found 



228 

 

Drug name Reference  

Atorvastatin 
(Marguery et al., 2006, Korzeniowska et al., 

2019) 

Azathioprine 
(Hofbauer et al., 2012, Perrett et al., 2008, 

Baadsgaard, 1986) 

Azithromycin No cases found 

Bendroflumethiazide (Diffey and Langtry, 1989) 

Benzathine No cases found 

Benzthiazide no cases found 

Betahistine No cases found 

Bioflavonoids No cases found 

Bisacodyl No cases found 

Bisoprolol No cases found 

Bisphosphonate No cases found 

Bosentan No cases found 

Budesonide No cases found 

Bumetanide No cases found 

Buprenorphine No cases found 

Buscopan No cases found 

Calcium carbonate No cases found 

Calcium carbonate with 

cholecalciferol 

No cases found 

 

Canagliflozin No cases found 

Candesartan (Viola et al., 2015) 

carbamazepine (Yasuda et al., 1988) 

Carbatrol No cases found 

Carbocisteine No cases found 

Cetirizine No cases found 

Chlorphenamine No cases found 

Cholecalciferol No cases found 

Citalopram 

 

(I˚ nalöz et al., 2001, Mecca et al., 2004, Röhrs 

et al., 2012, Ram‐Wolf et al., 2008, Richard et al., 

2001) 
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Drug name Reference  

Colesevelam No cases found 

Clonazepam No cases found 

Clonidine No cases found 

Clopidogrel (Dogra and Kanwar, 2003) 

Codeine No cases found 

Codeine and paracetamol No cases found 

Copaxone No cases found 

Cyclizine No cases found 

Dalteparin No cases found 

Diazepam No cases found 

Diclofenac 

 

 

(Al-Kathiri and Al-Asmaili, 2016, Akat, 2013, 

Montoro et al., 2003, Fernández-Jorge et al., 2009, 

Kowalzick and Ziegler, 2006, Goday Bujan et al., 

2001, O'Reilly et al., 1999, Le Corre et al., 1992) 

Digoxin No cases found 

Dihydrocodeine and 

paracetamol 
No cases found 

Diltiazem 

 

 

(Jaka et al., 2011, Desai et al., 2010, Kubo et 

al., 2010, Hanson and Petronic-Rosic, 2008, Ramírez 

et al., 2007, Boyer et al., 2003a, Scherschun et al., 

2001, Young et al., 1990) 

Disulfiram No cases found 

Docusate No cases found 

Donepezil No cases found 

Doxazosin No cases found 

Doxycycline 

 

 

 

 

 

 

(Velušček et al., 2018, Layton and Cunliffe, 

1993, Habif, 2006, Kuznetsov et al., 2011, Bishnoi 

and Vinay, 2019, Passier et al., 2004, Pazzaglia et al., 

2014, Yong et al., 2000, Rabar et al., 2004, Susong 

and Carrizales, 2014, Lim and Triscott, 2003, Baxter 

et al., 2002, Luger et al., 1995, Lim and Murphy, 

2003, Bjellerup and Ljunggren, 1994, Nguyen and 

Krakowski, 2016, Nowakowski et al., 1995, Tanaka 

et al., 1997, Ogrinc et al., 2006, Strle et al., 1996, 

Hafiji and Batchelor, 2010, Kus et al., 2005, 
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Drug name Reference  

Schuhwerk and Behrens, 1998, Thalmann and Müller, 

2009) 

Dronedarone 
(Ladizinski and Elpern, 2013, Kuo et al., 2014, 

Datar et al., 2019) 

Duloxetine No cases found 

Dulaglutide No cases found 

Empagliflozin No cases found 

Emtricitabine/rilpivirine (Verma et al., 2012) 

Enalapril 

 

(Kanwar et al., 1993b, O'Reilly et al., 1999, 

Sánchez‐Borges and González‐Aveledo, 2011, 

Shelley and Shelley, 1992) 

Escitalopram (Ram‐Wolf et al., 2008) 

Esomeprazole (Shukla et al., 2010) 

Estradiol 
(Barton and Edwards, 2016, Horkay et al., 

1975) 

Etanercept No cases found 

Etodolac No cases found 

Exemestane No cases found 

Ezetimibe No cases found 

Felodipine (Silvestre et al., 2001) 

 

Fenofibrate 

 

(Mohammed et al., 2017, Tsai et al., 2017, 

Kuwatsuka et al., 2016, Machet et al., 1997, Leroy et 

al., 1997, Leenutaphong and Manuskiatti, 1996, 

Gardeazabal et al., 1993, Leroy et al., 1990) 

Fentanyl No cases found 

Fexofenadine No cases found 

Finasteride No cases found 

Flecainide No cases found 

Fluoxetine 
(Pazzagli et al., 1998, Gaufberg and Ellison, 

1995b) 

Fluvastatin (Thual et al., 2005) 

Folic acid No cases found 

Forceval No cases found 
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Drug name Reference  

Fortamind No cases found 

Furosemide 

 

(Anderson et al., 1985, Heydenreich et al., 

1977, Takeichi et al., 2009, Burry and Lawrence, 

1976) 

Gabapentin No cases found 

Gaviscon No cases found 

Gliclazide No cases found 

Glimepiride No cases found 

Glipizide No cases found 

Glucosamine No cases found 

Glyceryl trinitrate No cases found 

Green Tea No cases found 

Heparin No cases found 

Hydrochlorothiazide 

 

(Rosenthal and Herrmann, 2019, Korzeniowska 

et al., 2019, Gómez-Bernal et al., 2014, Nakao et al., 

2017, Masuoka et al., 2011, Friedman et al., 2012, 

Costagliola et al., 2008, Johnston and Coulson, 2002, 

Wagner et al., 2000, Diffey and Langtry, 1989, 

Halevy et al., 1986, Reed et al., 1985a, Robinson et 

al., 1985, Torinuki, 1980, Burckhardt and Sutter, 

1963, Harber et al., 1959b, Harber et al., 1959a) 

 

Hydrocortisone No cases found 

Hydroquinone (Coulson, 1993, Olumide, 1987) 

Hydroxycarbamide/hydroxyurea 
(Yanamandra et al., 2014, León‐Mateos et al., 

2007) 

Hydroxychloroquine 

 

(Lisi et al., 2004, Metayer et al., 2001, 

Seideman and Ros, 1992, Baler, 1976) 

Hydroxyzine No cases found 

Ibuprofen (Bergner and Przybilla, 1992) 

Indapamide (Rutherford and Sinclair, 2007) 

Infliximab (Wetter and Davis, 2009) 

Insulin No cases found 
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Drug name Reference  

Irbesartan (Viola et al., 2015, Korzeniowska et al., 2019) 

Isosorbide Mononitrate No cases found 

Ivabradine No cases found 

Lactulose No cases found 

Lamotrigine (Huang et al., 2010) 

Lansoprazole No cases found 

Latanoprost No cases found 

Lercanidipine No cases found 

Letrozole No cases found 

Levetiracetam No cases found 

Levothyroxine No cases found 

Linagliptin No cases found 

Liraglutide No cases found 

Lisinopril No cases found 

Loperamide No cases found 

Loratadine No cases found 

Losartan 
(Nakao et al., 2017, Viola et al., 2015, Shelley 

and Shelley, 1992) 

Lymecycline (Wlodek and Narayan, 2014) 

Macrogol No cases found 

Mefenamic acid (O'Reilly et al., 1999) 

Memantine No cases found 

Mepolizumab No cases found 

Mesalazine 
(Cozzani et al., 2014, Al-Niaimi and Calum, 

2011, Horiuchi and Shimakura, 1999b) 

Metformin 

 

(Kastalli et al., 2009, Korzeniowska et al., 2019, 

Nakatani et al., 2012, Sharma et al., 2017) 

Methotrexate 

 

(Hoffmann et al., 2015, Kocatürk et al., 2014, 

Fernández et al., 2012, Shah and Zambidis, 2009, 

Khan et al., 2000, Westwick et al., 1987, Mallory and 

Berry, 1986, Neiman and Fye, 1985) 

Metoclopramide No cases found 
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Drug name Reference  

Metoprolol tartrate No cases found 

Mirabegron No cases found 

Mirtazapine (Mendhekar and Inamdar, 2009) 

Montelukast No cases found 

Morphine No cases found 

Mycophenolate (Mostafa et al., 2020) 

Naproxen 

 

(Diffey et al., 1983, Shelley et al., 1986, 

Gutiérrez‐González et al., 2011, Maerker et al., 2001, 

Lützow-Holm, 1991, Levy et al., 1990, Rivers and 

Barnetson, 1989, Farr et al., 1985) 

Nebivolol No cases found 

Nefopam No cases found 

Nifedipine 

 

(Cooper and Wojnarowska, 2003, Collins and 

Ferguson, 1993, Seggev and Lagstein, 1996, Zenarola 

et al., 1991) 

Nitrazepam No cases found 

Nitrofurantoin (Barratt, 2004) 

Nortriptyline (Bangash et al., 2013) 

Olanzapine 
(Reddy and Das, 2018, K Singh et al., 2015, 

Gregoriou et al., 2008) 

Omeprazole (Raison-Peyron et al., 2005) 

Oxycodone No cases found 

Pantoprazole (Correia et al., 2001) 

Paracetamol No cases found 

Paroxetine 

 

(Álvarez‐Pérez et al., 2012, Rodríguez‐Pazos et 

al., 2011, Vilaplana et al., 2002) 

Penicillin No cases found 

Pentoxifylline No cases found 

Phenytoin (Bhalla et al., 2011) 

Pioglitazone No cases found 

Posaconazole No cases found 

Pramipexole (Tashkent and Aiyappan, 2018) 
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Drug name Reference  

Pravastatin 
(Rodríguez‐Pazos et al., 2010, Srivastava et al., 

2003) 

Prednisolone No cases found 

Pregabalin (Pérez‐Feal et al., 2020) 

Prochlorperazine 

 

(Birner and Meyer, 2001, O'Reilly et al., 1999, 

Rasmussen et al., 1988, Ban and Lehmann, 1965, 

HAYS et al., 1964) 

Promethazine 

 

(Cariou et al., 2020, Arrue et al., 2007, Leong, 

1970, Newill, 1960, Epstein and Rowe, 1957) 

Propranolol (Miller and Rampling, 1982) 

Quetiapine No cases found 

Quinine sulphate 

(Natkunarajah et al., 2010b, Hickey et al., 2007, 

Nacher et al., 2005, Metayer et al., 2001, O'Reilly et 

al., 1999, Delmas and Plantin, 1995b, Dawson, 1995, 

Johnson et al., 1975, Okun et al., 1994, Liunggren et 

al., 1992, Guzzo and Kaidbey, 1990, Tan et al., 1989, 

Diffey et al., 1988, Ferguson et al., 1987, Dawson, 

1986, Ljunggren and Sjövall, 1986, Thomas and 

Munro, 1986, Jeanmougin et al., 1984, Calnan, 1978, 

Wagner et al., 1994, Abreu-Gerke et al., 2000) 

Ramipril 
(Wagner et al., 2000, Shelley and Shelley, 

1992) 

Ranitidine (Kondo et al., 2000, Todd et al., 1995) 

Ranolazine No cases found 

Risedronate No cases found 

Rituximab No cases found 

Rivaroxaban No cases found 

Rosuvastatin (Nardi et al., 2011) 

Sacubitril and valsartan 

(Entresto) 
No cases found 

Salbutamol No cases found 

Selegiline No cases found 

Senna No cases found 

Seretide No cases found 
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Drug name Reference  

Sertraline (Lin et al., 2009) 

Simvastatin 

 

(Korzeniowska et al., 2019, Sommer et al., 

2015, Rodríguez‐Pazos et al., 2010, Holme et al., 

2002, Rodriguez Granados et al., 1998, Morimoto et 

al., 1995) 

Sodium Chloride No cases found 

Solifenacin No cases found 

Somatropin No cases found 

Sotalol No cases found 

Spironolactone (Schwarze et al., 1998a) 

Stalevo No cases found 

Sulfasalazine (Bouyssou-Gauthier et al., 1999) 

Sulindac (Stern and Bigby, 1984) 

Sumatriptan No cases found 

Symbicort (Budesonide & 

formoterol) 

No cases found 

 

Tamoxifen No cases found 

Tamsulosin (Tan and Yap, 2018) 

Teicoplanin No cases found 

Telmisartan (Viola et al., 2015, Korzeniowska et al., 2019) 

Terbinafine 

 

(Bacle et al., 2019, Ramachandran et al., 2017, 

Kuo and Sivamani, 2014, Spiewak, 2010, Hill et al., 

2003, Callen et al., 2001) 

Thiamine No cases found 

Thyroxine No cases found 

Timolol No cases found 

Tiotropium (Perez-Perez et al., 2007) 

Tocilizumab (Hamada et al., 2016) 

Topiramate No cases found 

Tramadol No cases found 

Trandolapril No cases found 

Trazodone (Rongioletti and Rebora, 1986) 
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Drug name Reference  

Trelegy Ellipta (fluticasone 

furoate, umeclidinium & vilanterol) 

No cases found 

 

Turmeric No cases found 

Ursodeoxycholic acid No cases found 

Valproate (Hebert and Ralston, 2001) 

Venlafaxine (Vaccaro et al., 2007) 

Verapamil No cases found 

Warfarin No cases found 

Zolmitriptan No cases found 

Zopiclone No cases found 
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Appendix 6 

              Published paper from first project   
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