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Abstract 

Background 

The aim of this study was to determine whether a text messaging intervention 

(supported by a smartphone application) would be effective in the promotion of sun-safe 

behaviours. Both excessive and insufficient exposure to ultra-violet (UV) radiation were 

considered.  

Methods 

A randomised control crossover trial was conducted. 112 participants from nine sites in 

the United Kingdom contributed to the study. There were three intervention waves, two in 

winter (Vitamin D-focussed) and one in summer (UV exposure-focussed). Stages of Change, 

Standard Erythemal (UV) Dose and assayed blood samples (Vitamin D) were employed to 

evaluate the effectiveness throughout the 21-day data collection periods. 

Results 

The intervention was effective in promoting positive progression in Stages of Change 

for Vitamin D; and this in turn was predictive of increased Vitamin D levels in participants. 

More limited positive findings were found with respect to UV exposure. Overall, for those in 

the Intervention, Vitamin D levels were significantly predicted to increase during both of the 

winter data collection waves. 

Conclusions 

Interventions of this type are recommended to promote healthy Vitamin-D levels in 

construction workers. 
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Introduction 

Sunlight has the potential to both promote or compromise public health. For example, 

getting too much sun increases the risk of skin cancer (1). Conversely, too little sun prevents 

us from producing sufficient Vitamin D (25(OH)D). Vitamin D deficiency has been reported 

to be an ongoing public health issue, and one of the most common medical conditions 

throughout the world (2). Some employees are at particular risk from their working 

conditions. The nature of one’s work may preclude healthy exposure to the sun’s rays or 

potentially enforce unsafe exposure. For example, warehouse workers whose tasks never 

allow them to view the sun to naturally synthesis Vitamin D. In contrast, construction 

workers — who are well-recognised in the occupational health and safety literature as a 

high-risk group (3) — many routinely risk excessive exposure to sunlight. Thus, realising 

sun-safe behaviours is a complex issue requiring careful consideration. It seems likely that 

these behaviours may reflect Stages of Change (4) and that several factors may influence an 

employee’s sun-safety. Explicitly, these may include: Pre-contemplation (whether they have 

a fundamental awareness of the over-and under-exposure risks); Contemplation (if workers 

are considering making behavioural changes, perhaps along with knowledge of what 

measures will be effective to mediate such risks); Preparation (getting ready to take actual 

steps to change behaviour); Action (changing behaviour to mediate risks), or Maintenance 

(attempting to ensure ongoing behavioural change). Progression through these stages may be 

influenced by external consideration also. For example, personal autonomy to enact any 
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changes, organisational support for sun-safe measures; or whether the underlying safety 

culture within the organisation promotes any such changes. 

The Transtheoretical Model (4) incorporates Stages of Change as outlined above. It 

seeks to integrate key constructs from other models of behavioural change. The model has 

been applied extensively to promote positive change in, for example substance abuse (5,6), 

occupational health and safety (7), and healthcare (8). Stages of Change provides a 

framework within which to consider the effectiveness of interventions. For those seeking to 

develop mechanisms to facilitate positive change in the workplace, several approaches have 

been investigated, including for example, the ‘stick or carrot’ (9), gamification (10), 

smartphone applications (11) or Short Message Services (SMS). SMS-based interventions 

have been used to promote behavioural change in many settings, e.g., health promotion 

(12-14), substance abuse (15), or occupational health settings (14). Evidence from a 

systematic review provides general support for the use of SMS as a tool for behaviour change 

(16). 

This paper reports a study that employed an intervention to promote sun-safe 

behaviours in construction workers. The intervention was composed of SMS information and 

reminders, along with a supporting smartphone application. 

Hypotheses 

It was hypothesised that: 

1. The intervention will promote significant progression through the Stages of Change. 

2. Stages of Change findings will significantly predict increased Vitamin D levels. 

3. Stages of Change findings will significantly predict decreased UV exposure. 

4. The intervention will significantly enhance Vitamin D levels. 
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5. The intervention will significantly reduce harmful UV exposure. 

 

Method 

 

Design 

The study was a randomised control crossover trial. There were three waves in the trial 

(winter, summer, and winter). In Wave 1, approximately half of the employees received the 

Intervention and half no Intervention. In waves 2 and 3, participants swopped roles, such that 

those in the Intervention arm became Controls, and Controls were allocated as Intervention 

participants. Nine construction sites from six companies were used. They were located either 

in the North (four in central Scotland) or South (five in southern England) of the United 

Kingdom. During all three waves, Vitamin D levels were obtained pre- and post-intervention 

from all participants. UV levels were measured during the Summer Wave. During each wave 

participants were recruited to a 21-day data collection epoch.  

Participants 

The study had 112 unique participants. The eligibility criteria for inclusion in the study were: 

adult male or female employees, either indoor or outdoor workers and owning a mobile phone, 

with no restriction on age or ethnicity. Participants unwilling to contribute blood samples were 

excluded from the study.  

Sample size was determined based on the ability to detect changes in 25(OH)D levels. 

Calculations of sample size took account of between individual variability in 25(OH)D levels 

as reported in previous research (17). Due to the lack of research reporting of within-individual 
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change in 25(OH)D level, a conservative estimate of within-individual 25(OH)D level change 

was adopted. Statistical power calculations predicted that the study would have 80% power to 

detect changes of 10 nmol/l or more in 25(OH)D between the Intervention group and the 

Controls in each data collection wave.   

Participation across waves is illustrated in Table 1. Allocation was randomised at a site level, 

i.e., all participants within a particular location were either in a Control group or an 

Intervention one. Sites were randomly allocated to conditions such that an even split (as far as 

practicable) was made between contributing organisations either in the North or South of the 

United Kingdom, see Figure 1. Some participants needed to be replaced between waves as a 

result of job changes or dismissal. In Wave 2, 24 new participants were recruited (39%). For 

Wave 3, 21 individuals were added to the sample (35%). Twenty-five workers contributed to 

all three waves (40%), with 37 (61%) contributing to waves 1 and 2, and 15 of which, for 

waves 2 and 3 (25%). Participant demographic characteristics are summarised in Table 2. 

 

[Insert Table 1 About Here] 

[Insert Figure 1 About Here] 

[Insert Table 2 About Here] 

 

Equipment and Materials 

Both Control and Intervention participants received pre- and post-experimental period 

assessment batteries. These compromised i) demographic information (in the initial Wave, 

i.e., age, gender, skin type and occupational characteristics), ii) a Stages of Change 
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instrument, as used previously (18), and iii) a Theory of Planned Behaviour (TPB) 

instrument, and iv) questions regarding participant’s knowledge of sun-safe behaviours 

(regarding both UV exposure and Vitamin D). Data from the TPB measure is not reported in 

this paper. The Stages of Change instrument consisted of ten behaviours concerning 

sun-safety, e.g., wearing sunglasses, minimising work in direct sunlight in the middle of the 

day, or using sunscreen. This was supplemented (for waves 1 and 3) with six additional 

Vitamin D-related behaviour questions. For example, taking supplements, exposing skin for 

10-15 minutes or eating Vitamin D-rich foods. Primary outcome measures for all waves were 

Stages of Change as outlined above, and (25(OH)D) Vitamin D levels. Additionally, during 

Wave 2 (Summer) UVB radiation exposure was also measured. Both Vitamin D level and 

UVB radiation exposure collection methods are described in more detail below. 

The Intervention consisted of three parts, i) SMS messages, containing promotional 

information relevant to the particular experimental wave (Vitamin D promotion for the winter 

waves, 1 and 3; and sun safe behaviour for the Summer wave, Wave 2); the messages also 

contained hyperlinks to further relevant information presented on the project website; ii) 

during waves 1 and 3, Vitamin D supplements (in tablet form) were made available; and iii) a 

supporting smartphone application. 

The smartphone application provided a variety of information to support seasonally- 

appropriate sun-safe behaviours. With respect to avoiding over-exposure, it contained 

statistics regarding serious health outcomes, skin-type information, location-specific UV 

radiation levels, and recommendations for action. For example, ‘The UV index is high today, 

cover up in the midday sun’. Considering Vitamin D, the smartphone application, provided 

information on methods to increase Vitamin D levels, via specific natural sources or through 

the use of supplements. 
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Procedure 

While undertaking their duties as normal (during the 21-day data collection periods) the 

Intervention group received daily SMS messages, as appropriate for the season, i.e., 

sun-safety-focussed during the summer, and Vitamin D-focussed in the winter; along with 

access to the supporting smartphone application (and Vitamin D supplements during the 

winter waves). 

During all waves, Vitamin D levels (25(OH)D) were established using ‘dried blood spot’ kits. 

Assays of the samples were undertaken by Birmingham City Hospital, Pathology Department 

<http://cityassays.org.uk>. When contributing blood samples (pre- and post-condition), 

participants were compensated with two £10 vouchers (redeemable in popular high street 

shops).  

In the Summer wave (Wave 2), personal UVB radiation exposure was additionally assessed 

using small wearable dosimeters (Scienterra Limited). These were (230-320nm) 

erythermally-weighted units, mounted on top of individual’s safety helmets. The data were 

additionally supplemented by NASA global irradiance data (developed from the Japanese 

Aerospace Exploration Agency’s Moderate Resolution Imaging Spectroradiometer) for each 

study site, during the intervention period. 

 

Results 

 

The results consider each hypothesis in turn. First, progression through Stages of Change is 

considered. Analysis of the predictive value of the Stages of Change data is then presented. 

Subsequently, overall shifts in Vitamin D and UV exposure levels (pre- and 
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post-intervention) are reported, along with results concerning participants’ knowledge of 

Vitamin D and sun-safety respectively. Hypothesis 1 proposed that the intervention would 

promote significant progression through the Stages of Change. Stages of Change data were 

compared pre- and post-intervention for each respondent, for each wave of the study. For 

Wave 1 (Vitamin D), both Control and Intervention groups were found to significantly 

progress (using Wilcoxon signed ranks, one tailed tests) toward more desirable behaviours, 

although not sufficiently to move from the Contemplation stage. The Intervention group 

reported significantly higher Contemplation scores regarding taking Vitamin D during the 

winter (Z = -2.03, p = 0.022).  The Control group was found to report significantly higher 

Contemplation scores regarding ‘consumption of Vitamin D enriched dairy products, during 

the winter’ (Z = -1.73, p = 0.042). In Wave 2 (UV exposure), the only significant finding was 

an increase in Action regarding wearing of sunglasses, for the Intervention group. The group 

significantly progressed, although remained within the Action stage (Z = -1.73, p = 0.042). In 

the final wave, Wave 3 (the 2nd Vitamin D wave), the Intervention group significantly 

progressed from the Contemplation stage into the Preparation stage. Both ‘increased 

consumption of Vitamin D supplements’ and ‘limiting exposure to the sun for 10-15 minutes’ 

were found to significantly progress (Z = -3.01, p = 0.001 and Z = -1.74, p = 0.01 

respectively). However, preparations to ‘regularly eat Vitamin D rich foods’ was found to 

significantly decrease during Wave 3 for the Intervention group (Z = -1.74, p = 0.042). 

Considered overall, the interventions can be seen to have had a significant positive effect on 

desirable behaviours with respect to both Vitamin D intake and sun-safety. Thus, we reject 

the null for Hypothesis 1. 

Hypotheses 2 and 3 proposed that Stages of Change findings would significantly predict 

increased Vitamin D levels and decreased UV (Standard Erythemal Dose) exposure 

respectively. No significant relationships emerged with respect to UV exposure. Multiple 
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linear regressions were calculated to predict Vitamin D levels from Stages of Change 

variables. Change values were calculated by subtracting ratings taken at the end of the 

Intervention Waves from those collected at the start. Thus, values represent shifts through 

Stages of Change. For Wave 3 (Winter), for the Intervention group, a significant regression 

equation was revealed (F(5,21) = 3.35, p < 0.05), with an R2 of 0.51. Shifts in behaviour 

regarding consumption of a dietary Vitamin D supplement was the single significant 

contributor to the model (t = 3.51, Standardised Beta = 0.71, p < 0.005, Cohen’s !2	=	0.504); 

positively predicting Vitamin D levels. Stages of Change was not found to be a significant 

predictor of consumption of Vitamin D supplements for the Control group in Wave 3. 

Further, no significant relationships were identified for Wave 1 (Vitamin D) or Wave 2 (with 

respect to UV levels). Consequently, we tentatively reject the null for Hypothesis 2, while 

rejecting Hypothesis 3. 

Hypothesis 4 theorised that the intervention would significantly enhance Vitamin D levels; 

while Hypothesis 5 predicted the intervention would significantly reduce harmful UV 

exposure.  

Elevated Vitamin D levels for Wave 1 and Wave 3 were found to be significantly predicted 

for the Intervention group with respect to Controls (p < 0.01 and p = 0.05 respectively), see 

figures 2 and 3 respectively. The magnitude of differences was found to be smaller for Wave 

3 than Wave 1, but still significant. Thus, we reject the null for Hypothesis 4. 

 

[Insert Figure 2 About Here] 

[Insert Figure 3 About Here] 
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With respect to UV exposure, both sum of SED and mean UV Index data were analysed for 

Wave 2 (the summer data collection period). Both measures were significantly predicted by 

differences between the Control and Intervention groups (p = 0.017 for both). The Control 

groups were found to have significantly lower levels (e.g., mean Sum of SED for the Control 

group was 1.24, and 1.69 for the Intervention group). Therefore, we accept the null for 

Hypothesis 5, see Figure 4. We found no evidence that the intervention was effective in 

changing measured levels of harmful ultra-violet sunlight. 

 

[Insert Figure 4 About Here] 

 

Additionally, domain knowledge questions regarding UV Exposure and Vitamin D were 

elicited from participants before and after each intervention wave. No significant differences 

were identified comparing the Intervention group with the Controls in pre- and 

post-intervention testing. 

 

Discussion 

Main findings of this study 

This study investigated an SMS-based intervention to promote sun-safe behaviours in 

construction workers in the United Kingdom. It focussed on increasing Vitamin D levels 

during the Winter while decreasing harmful UV levels in the Summer. Stages of Change data 

revealed important, and significant, shifts toward more sun-safe behaviours. Positive 

movements through the Stages of Change were further found to significantly predict 
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increased Vitamin D levels. This finding was additionally corroborated by assayed Vitamin D 

measurements. No significant changes were observed with respect to SED UV measures. 

Thus, our study provides support for SMS-based interventions to promote positive behaviours 

for Vitamin D, but not for harmful UV exposure. 

What is already known on this topic 

For outdoor workers in northern Europe, the relative weakness of the sun’s rays, does not 

provide sufficient UV(B) to stimulate Vitamin D production. Guidance from the UK National 

Health Service recommends that adults should take a daily Vitamin D dietary supplement 

(10MCG) during the autumn and winter months. Low levels of Vitamin D can result in 

impaired bone mineralisation, and evidence is starting to accumulate concerning other health 

disorders (e.g., cardiovascular disease (19). Research using proxy measures for Vitamin D 

provides further early suggestions that the negative health impacts may be more widespread, 

e.g., concerning infectious, metabolic or autoimmune diseases, along with increased cancer 

risks (20). Conversely, excessive exposure to UV increases skin cancer risks. It has been 

estimated that nearly 3,000 cases of (non-melanoma) skin cancer are caused by exposure to 

UV radiation each year (1,21). Thus, sunlight is something of a ‘double-edged sword’ with 

respect to the occupational health needs (22) of outdoor workers. In the Summer, they risk 

too much exposure to UV radiation; while struggling to get enough in the Winter. 

What this study adds 

Results from this study offer the potential to increase Vitamin D levels in construction 

workers. Considered overall, participants’ Stages of Change data revealed a generally low 

level with respect to positive behaviours. For example, most participants were in the 

Contemplation or Preparation stages, and only one group reported progressing to Action (in 

the summer UV wave). It may be that that the data reflects a relatively low level of 



Page 13 of 17 

knowledge regarding appropriate measures to pursue in order to undertake sun-safe 

behaviours. Construction workers are well-established in the literature as a high-risk group 

with respect to sun-safety (23). Findings may have represented a knowledge-gap preventing 

potential progression through stages. However, demographic data suggest a reasonable spread 

of both operative and professional groups within the sample population. Further, it may be 

that individual autonomy restricted the participants’ ability to enact change toward more 

positive sun-safe behaviours. For example, if one’s duties did not allow for the opportunity 

to, i) schedule work indoors during a high UV period, or ii) easily purchase Vitamin D-rich 

foods (perhaps from on-site catering). 

Organisational support seems likely to have a strong influence on workers abilities to 

undertake sun-safe behaviours. That is, businesses taking measures to promote positive 

behaviours may have greater success. For example, the Vitamin D intervention investigated 

in this study made supplements readily available to participants (in the Intervention group, 

along with SMS messaging and the smartphone application). Findings show the battery of 

Vitamin D-promoting measures led to significant progression through the Stages of Change; 

which in turn significantly predicted the (observed higher) Vitamin D levels in the 

Intervention group. The ready availability of sunscreen at the summer test sites may have also 

have had a positive impact on sun-safe behaviours. However, our findings do not provide 

evidence in support of that. Indeed, the apparent lack of awareness of (the majority of) 

organisations providing with respect to providing sunscreen, may offer a relatively easy 

intervention opportunity to improve sun-safe behaviours. 

Results from this study suggest that an SMS-based intervention can be effective in the 

promotion of Vitamin D levels, but not to reduce exposure to harmful UV. Why might one 

intervention be supported but not the other? It is possible that, given the relatively low levels 

of the Stages of Change for participants, the project may have differentially closed 
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knowledge-gaps. For example, health-promoting messages regarding excessive sun are 

relatively prevalent in the UK, yet knowledge around maintenance (or the consequences of a 

lack of maintenance) of Vitamin D are relatively less well known in the UK. The educative 

value of the SMS intervention may have been able to close a larger gap for Vitamin D than 

for harmful UV exposure. Findings may be contrasted with others (18) who similar a design 

and found no significant increase in sun-safety knowledge, yet significant improvements in 

measures indicative of positive behavioural change. 

Limitations of this study 

Two limitations are identified in the project. Staff turnover (a common problem in the 

construction industry) led to the requirement to ‘top up’ participant group numbers between 

waves. Additionally, considering Wave 2 (Summer), 75% of participants reported a 

preference for having a tan. It seems reasonable that this may have confounded efforts to 

promote sun-safe behaviours, revealing an underlying cultural preference, potentially 

providing a stronger underlying influence than our SMS intervention could provide. This may 

have reduced the intervention effectiveness, with the resultant non-significant UV outcomes. 

Conclusions 

Stages of Change findings provide modest evidence of the effectiveness of the winter 

intervention. Specifically, the encouragement to consume Vitamin D dietary supplements was 

found to significantly predict demonstrable increases in Vitamin D levels. The study’s 

sun-safety intervention was not found to be effective in promoting progression though the 

Stages of Change. It is suggested that the Vitamin D intervention was significantly more 

effective as a consequence of the relatively larger scope to educate stakeholders with respect 

to workplace safety behaviours. 
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Table 1. Sites per wave by location (participant numbers in parentheses). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Winter 
(Wave 1)* 

Summer 
(Wave 2) 

Winter 
(Wave 3) 

 Control Intervention Control Intervention Control Intervention 

Scotland 2 (12) 3 (18) 3 (17) 2 (18) 3 (18) 2 (12) 

England 1 (9) 2 (17) 2 (18) 2 (14) 2 (17) 2 (14) 

Total 3 (21) 5 (35) 5 (35) 4 (32) 5 (35) 4 (26) 

Overall 8 (56) 9 (67) 9 (61) 

* In Wave 1, only three sites participated in England. 
 
 
 
 
 
 
 
 
 
 



Table 2. Participant demographic characteristics. 
 
 
 
 
 
 
 
 
 

 Winter 
(Wave 1) 

Summer 
(Wave 2) 

Winter 
(Wave 3) 

Age (years) 
 18-30 
 31-50 
 51-65 

 
21.5% (12) 
53.7% (30) 
25.2% (14) 

 
31.2% (19) 
47.5% (29) 
21.3% (13) 

 
34.4% (21) 
47.5% (29) 
18.1% (11) 

Gender 
 Male 
 Female 

 
96.4% (54) 
3.6% (2) 

 
96.7% (59) 
3.3% (2) 

 
88.5% (54) 
11.5% (7) 

Ethnicity 
 White UK/Irish 
 Asian/Asian British 
 Black/African/Caribbean/Black British 
 Other 

 
82.1% (46) 
1.8% (1) 
5.4% (3) 
10.7% (6) 

 
73.8% (45) 
4.9% (3) 
4.9% (3) 
3.3% (2) 

 
75.4% (46) 
1.6% (1) 
6.6% (4) 
4.9% (3) 

Skin type 
 Very pale 
 Fair/pale 
 Fair/beige 
 Olive/light brown 
 Black 

 
- 

35.7% (20) 
42.9% (24) 
16.1% (9) 
5.4% (3) 

 
1.6% (1) 

29.5% (18) 
34.4% (21) 
31.1%(19) 
3.3% (2) 

 
1.6% (1) 

34.4% (21) 
34.4% (21) 
26.2% (16) 
1.6% (1) 

Occupation  
 On-site operative 
 On-site professional 
 Other 

 
59.1% (33) 
37.7% (21) 
3.6% (2) 

 
53.9% (33) 
40.9% (25) 
4.9% (3) 

 
39.3% (24) 
46% (28) 
14.8% (9) 

I like to have a tan 
 Yes 
 No 

 
 

63% (37) 
37% (22) 

 

 
 



Fig 1. Condition allocation by site. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Low UV 
Jan-Mar 2017 

High UV 
Apr-Sept 2017 

 

Low UV 
Oct-Dec 2017 

Site ID & Location Wave 1 Follow-up  
Wave 2 

Follow-up  
Wave 3 

1 - Scotland 

Intervention Control Control 
2 - Scotland 
3 - Scotland 
4 - England  
5 - England  
    
6 - Scotland  

Control Intervention Intervention 
7 - Scotland 
8 - England 
9 - England  
     (waves 2&3 only) 

 
 
 
 
 
 
 
 
 
 
 
 



Fig 2. Wave 1 - pre- and post-intervention Vitamin D levels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



Fig 3. Wave 3 - pre- and post-intervention Vitamin D levels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



Fig 4. Wave 2 - Sum of Standard Erythermal (UV) Dose by group. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 


