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Abstract 25 

Background: Weather conditions have been associated with adverse mental health 26 

outcomes, and concern about climate change has increased interest in these relationships. 27 

However, much of the existing literature focuses on extreme weather events such as 28 

heatwaves or acute clinical outcomes such as suicide. There is less research on the 29 

population-level variations in mental health–related healthcare utilisation across the full range 30 

of weather conditions. 31 

Objective: To examine associations between daily weather conditions and mental health–32 

related healthcare contacts in England using large-scale national surveillance data. 33 

Methods: We conducted a retrospective observational study across nine English regions 34 

from 1 January 2014 to 31 December 2022. Outcomes were daily counts of unscheduled 35 

mental health–related contacts to emergency departments (EDs), general practice out-of-36 

hours (GP OOH), and the NHS 111 telephone advice service. Weather exposures were mean 37 

daily temperature (°C), hours of full sunshine, and total daily rainfall (mm). Associations 38 

were estimated using distributed lag non-linear models at regional level and synthesised using 39 

two-stage multivariate meta-analysis, adjusting for seasonality, long-term trends, day of 40 

week, public holidays, and population size. 41 

  42 
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Results: Unscheduled mental health–related healthcare contacts showed modest but 43 

consistent associations with temperature and sunshine. Across services, relative risks were 44 

higher at increasing temperatures up to approximately 18 °C and on days with fewer hours of 45 

sunshine. Sunshine showed the most consistent pattern, with increased healthcare utilisation 46 

on days with low sunshine across all services. Rainfall was not consistently associated with 47 

healthcare contacts. Age-stratified analyses indicated a U-shaped association between 48 

temperature and ED attendances among adults aged over 64 years, with higher utilisation 49 

during both colder and warmer conditions. Overall variations in healthcare demand were 50 

modest, generally within ±10–20% of typical daily levels. 51 

Conclusion: In England, short-term variations in temperature and sunshine are associated 52 

with changes in unscheduled mental health–related healthcare utilisation, while rainfall 53 

shows little consistent effect. Although effect sizes were modest, these findings have 54 

implications for understanding weather-related fluctuations in healthcare demand and for 55 

planning mental health services under current and future climate conditions. 56 

 57 

Introduction 58 

Mental health conditions are a leading contributor to global disease burden and affect 59 

approximately one billion people worldwide (1). In addition to substantial impacts on quality 60 

of life, mental health problems place considerable demands on healthcare systems and are 61 

projected to generate increasing economic costs over coming decades. Understanding factors 62 

that influence fluctuations in mental health–related healthcare demand is therefore an 63 

important public health priority. 64 

Environmental and meteorological conditions have long been hypothesised to influence 65 

mental health and wellbeing. A growing body of literature has examined associations 66 

between weather variable, most commonly temperature, and a range of mental health 67 

outcomes. These effects appear to be more pronounced among certain population groups, 68 

such as older adults, women, and adolescents. 69 

However, several important gaps remain in the evidence base. First, much of the existing 70 

research focuses on extreme weather events, whereas less is known about the impact of day-71 

to-day variations in typical weather conditions on mental health–related outcomes. A recent 72 

UKHSA report shows that even routine, non-extreme weather, particularly warmer-than-73 

usual days and nights, can increase psychological distress, mental health service use, 74 

symptom severity in vulnerable groups, and experiences of climate-related worry, with sleep 75 

disruption acting as a key mechanism (2).  An earlier UKHSA report suggests that climate 76 

change is shifting the baseline of “everyday weather”, increasing exposure to warm days and 77 

muggy conditions, all of which may affect health before extreme thresholds are even reached 78 

(3). 79 

Second, many studies examine specific clinical diagnoses or acute outcomes, often using 80 

hospital admissions or mortality data, which capture only a subset of the broader population 81 

experiencing mental distress. Third, relatively few studies have examined multiple weather 82 

exposures simultaneously, despite the likelihood that temperature, sunlight, and precipitation 83 

may exert overlapping or interacting influences (4, 5). 84 

Evidence relating to sunshine exposure and mental health is limited. While reduced sunlight 85 

has been linked to depressive symptoms and seasonal affective disorder, particularly through 86 

disruption of circadian rhythms, most studies rely on self-reported outcomes or focus on 87 
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acute endpoints such as suicide (6-8). Similarly, research on rainfall has largely concentrated 88 

on extreme events such as flooding, with inconsistent findings regarding associations 89 

between routine precipitation and mental health (9). 90 

An additional limitation of the literature is the lack of population-level analyses of mental 91 

health–related healthcare utilisation. Healthcare contacts reflect not only underlying symptom 92 

burden but also help-seeking behaviour, access to services, and perceived need for support. 93 

Examining patterns of healthcare utilisation across different points of access—such as 94 

telephone advice services, general practice out-of-hours (GP OOH) services, and emergency 95 

departments (EDs) may therefore provide valuable insight into how environmental conditions 96 

influence demand for mental health support at the population level (10, 11). 97 

Here, we examined associations between daily weather conditions and unscheduled mental 98 

health–related healthcare utilisation across the National Health Service (NHS) in England 99 

using large-scale national syndromic surveillance data. Specifically, we investigated the 100 

short-term effects of ambient temperature, hours of full sunshine, and rainfall on daily counts 101 

of unscheduled mental health–related contacts to NHS 111, GP OOH services, and EDs over 102 

a nine-year period. By applying distributed lag non-linear models and multivariate meta-103 

analysis across nine English regions, we sought to characterise non-linear, delayed, and 104 

regionally heterogeneous associations across the full range of typical weather conditions. 105 

Methods 106 

Data sources and study population 107 

Daily anonymised and aggregated healthcare contact data were extracted from three national 108 

syndromic surveillance systems routinely operated by the UK Health Security Agency 109 

(UKHSA) (10). Data covered the period from 1 January 2014 to 31 December 2022 and 110 

included contacts to the NHS 111 telephone advice service, GP OOH services, and EDs 111 

(Table 1; Supplementary Figure 1).  112 

Unscheduled mental health–related contacts were defined as contacts in which a clinical 113 

diagnosis, triaged call Pathway, or symptom code recorded at the point of contact related to a 114 

mental health presentation (10, 11). NHS 111 contacts included calls triaged to NHS 115 

Pathways for mental health problems, deliberate self-harm, alcohol intoxication, or sleep 116 

difficulties, using the first Pathway selected by the call handler (12). GP OOH contacts were 117 

identified using Read codes indicating anxiety, depression, self-harm, or sleep difficulties. 118 

ED attendances were identified using SNOMED-CT diagnosis codes for mental health 119 

conditions specifically anxiety, depression, self-harm and alcohol intoxication. For periods 120 

prior to April 2018, when coding systems differed, the triage code indicative of similar 121 

mental health presentations was used. 122 

Healthcare contacts were aggregated by day and region. Region was assigned using patient 123 

postcode district for NHS 111 and healthcare service provider postcode for GP OOH and ED 124 

data. Age group and sex were extracted to allow stratified analyses. 125 

Weather data 126 

Daily minimum and maximum air temperature and total daily rainfall were obtained from the 127 

HadUK-Grid dataset, mapped to one of nine governmental regions and averaged to derive 128 

regional mean temperature and rainfall (13, 14). Sunshine data were obtained from the Met 129 

Office Integrated Data Archive System (MIDAS), using automated weather stations with 130 

complete records over the study period (15). For each region, the station closest to the 131 

geographical centre was selected. 132 
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Statistical analysis 133 

Associations between weather exposures and healthcare utilisation were estimated using a 134 

two-stage modelling approach following Gasparrini et al. (16). In the first stage, region-135 

specific generalised linear models with quasi-Poisson distributions were fitted to daily counts 136 

of mental health–related healthcare contacts. Distributed lag non-linear models were used to 137 

capture non-linear and delayed associations, with weather exposures modelled as moving 138 

averages over lag days 0–6 to reflect short-term exposure prior to a healthcare contact. 139 

Models were adjusted for long-term trends and seasonality using smooth functions of time. 140 

Day of week and public holidays were controlled for, and regional population size was 141 

included as a log offset. A binary indicator distinguishing pre- and post-April 2018 ED data 142 

collection periods was included. Multicollinearity between weather predictors was assessed 143 

using variance inflation factors (17, 18). 144 

In the second stage, region-specific coefficients were synthesised using multivariate meta-145 

analysis to derive pooled exposure–response relationships and to quantify between-region 146 

heterogeneity. Analyses were conducted separately for each healthcare system, with 147 

additional stratification by age group, sex, and diagnostic category. For each system multiple 148 

models were produced. The main models pooled all mental health-related data into an ‘all-149 

MH’ indicator. A second set of models were then produced subdividing mental health-related 150 

data into specific diagnosis codes (Supplementary Table 1). 151 

Sensitivity analyses were performed by excluding data from the COVID-19 pandemic years 152 

(2020–2021) and comparing model fit using Akaike Information Criterion values. 153 

Results 154 

Across the study period, over 4.6 million mental health–related healthcare contacts were 155 

recorded across the three surveillance systems. NHS 111 accounted for the largest volume of 156 

contacts, followed by ED attendances and GP OOH contacts. Most contacts occurred among 157 

individuals aged 15–44 years, with slightly higher utilisation among females (Table 1). 158 

Temperature 159 

Multivariable results for mean temperature are presented in Figure 1 (left column). Pooled 160 

exposure–response relationships indicated modest, non-linear associations between mean 161 

daily temperature and mental health–related healthcare utilisation. For NHS 111 calls and ED 162 

attendances, relative risks were lower at colder temperatures and increased gradually as 163 

temperature rose up to approximately 18 °C, before flattening or declining at higher 164 

temperatures. Associations for GP OOH contacts were weaker and largely flat. 165 

Relative to the reference temperature of 12.5 °C (defined by the data presented to the model), 166 

minimum relative risks were observed at approximately −3 °C for NHS 111 calls (RR 0.83, 167 

95% CI 0.78–0.90) and −2.5 °C for ED attendances (RR 0.90, 95% CI 0.85–0.94). Maximum 168 

effects were observed at 18.1 °C for NHS 111 calls (RR 1.03, 95% CI 1.01–1.05) and 24.7 °C 169 

for ED attendances (RR 1.07, 95% CI 0.99–1.16) (Figure 1).  The relative difference between 170 

minimum and maximum relative risks was approximately 20% for NHS 111 and 17% for ED 171 

services. 172 

Age-stratified analyses showed little deviation from pooled estimates (Supplementary Figure 173 

2) for NHS 111. For ED attendances, individuals aged over 64 years demonstrated a U-174 

shaped association, with higher utilisation during both colder and warmer conditions, 175 

(Supplementary Figure 2). 176 
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The all-MH data is a mixture of different conditions, hence an analysis of specific codes 177 

of mental health conditions was undertaken. This showed that higher temperatures were 178 

associated with increased NHS 111 and ED attendances for alcohol-related conditions 179 

and NHS 111 overdoses increased with temperature (Figure 2). Figure 2 also indicates no 180 

clear associations between temperature and self-harm. Lower temperatures were associated 181 

with reduced GP OOH contacts and ED attendances for anxiety-related conditions, but no 182 

clear associations were observed between temperature and contacts for self-harm or 183 

depression (Figure 3). NHS 111 contacts for sleep disorders increased at higher temperatures 184 

(Figure 3).  185 

Rainfall 186 

Multivariable results for rainfall are shown in Figure 1 (middle column). Rainfall showed no 187 

consistent association with mental health–related healthcare utilisation across services. Most 188 

pooled estimates were close to null, with confidence intervals spanning one. Stratified 189 

analyses by age and sex showed little deviation from pooled effects (Supplementary Figures 190 

2 and 3), and no consistent associations were observed for specific diagnostic categories (data 191 

not shown). 192 

Sunshine 193 

Multivariable results for sunshine displayed the most consistent associations across all 194 

healthcare systems and are presented in Figure 1 (right column). Fewer hours of sunshine 195 

were associated with higher relative risks of mental health–related healthcare contacts for 196 

NHS 111, GP OOH, and ED services. Relative to a reference of 10 hours of sunshine per day 197 

(defined by the data presented to the model), the greatest increases in utilisation were 198 

observed on days with minimal sunshine (NHS 111: RR 1.06, 95% CI 1.04–1.08; GP OOH: 199 

RR 1.06, 95% CI 1.04–1.08; ED: RR 1.04, 95% CI 1.02–1.07). 200 

Age-stratified analyses indicated broadly similar patterns across age groups, although 201 

increases in ED utilisation were most pronounced among individuals aged 45–64 years. 202 

(Supplementary Figure 2). Stratification by sex showed little difference from pooled 203 

estimates (Supplementary Figure 3). 204 

Analyses of specific mental health conditions (Figures 2–3) showed no clear associations 205 

with sunshine hours overall. However, fewer sunshine hours were associated with increased 206 

GP OOH and ED contacts for anxiety and depression (Figure 3).  207 

Sensitivity analysis  208 

Excluding data from the COVID-19 pandemic years resulted in minor changes to the shape of 209 

exposure–response curves, but the overall direction and magnitude of associations remained 210 

consistent. Models including the full study period generally demonstrated lower AIC values, 211 

indicating better relative model fit (Supplementary Table 3 and Supplementary Figure 4). 212 

Discussion 213 

Using nine years of national UKHSA syndromic surveillance data, we found that 214 

unscheduled mental health-related healthcare utilisation in England varied modestly but 215 

significantly with short-term changes in temperature and sunshine, while rainfall showed 216 

little consistent association.  217 

Higher relative risks of unscheduled healthcare contact were observed at increasing 218 

temperatures up to moderate levels and on days with fewer hours of sunshine. These 219 
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associations were evident across the full range of typical weather conditions and persisted 220 

after accounting for healthcare system disruptions during the COVID-19 pandemic. 221 

Our findings are consistent with previous evidence linking ambient temperature to mental 222 

health–related outcomes, particularly studies reporting increased healthcare utilisation or 223 

symptom severity during periods of heat or cold (4, 19). UKHSA reports have identified the 224 

need for an improved understanding of the mental health impacts of climate change (3) and 225 

that climate-related mental health impacts will increase pressure on health and social care 226 

systems (2). By focusing on routine weather variability rather than extremes, this study 227 

extends existing literature and demonstrates that smaller, day-to-day fluctuations in weather 228 

are also associated with changes in mental health–related healthcare demand.  229 

The inverse association between sunshine hours and healthcare utilisation was the most 230 

consistent finding across services. Although fewer studies have examined sunshine directly, 231 

these results align with evidence linking reduced sunlight exposure to depressive symptoms 232 

and seasonal affective disorder (6, 8). Importantly, the outcomes examined here reflect 233 

healthcare-seeking behaviour rather than diagnosed psychiatric disorders, suggesting that 234 

reduced sunshine may be associated with changes in distress, symptom perception, or coping 235 

that increase demand for support. Rainfall showed little consistent association, supporting 236 

previous mixed findings in the literature (5, 9). 237 

The mechanisms underlying these associations are likely to be complex and multifactorial, 238 

reflecting a combination of biological responses, psychological processes, and behavioural 239 

factors, including health-seeking behaviour and social activity patterns (20, 21). We also used 240 

an aggregate outcome variable made up of multiple mental health conditions which may have 241 

enhanced or masked effects for specific conditions. This is reflected in the all-MH categories 242 

but also in the more specific indicators such as “depression” which is still a syndrome of 243 

multiple health conditions.  In this study we focussed upon short-term impacts of weather 244 

upon mental health outcomes, but this approach may not capture cumulative exposure 245 

response events or longer-term mental health changes. As this study examined healthcare 246 

contacts rather than clinical diagnoses, findings do not provide evidence of changes in the 247 

incidence or prevalence of mental disorders. 248 

A key strength of this study is its scale. We analysed nine years of daily syndromic 249 

surveillance data routinely captured and monitored by UKHSA, encompassing over 4.6 250 

million mental health–related healthcare presentations, making this one of the largest studies 251 

of its kind to date. The analysis integrated multiple points of access to unscheduled care, 252 

including a national telephone advice service (NHS 111), GP OOH, and ED attendances. Our 253 

multivariable modelling framework simultaneously examined the effects of daily mean 254 

temperature, hours of full sunshine, and daily rainfall, while controlling for seasonality, long-255 

term temporal trends, and day-of-week effects. In addition, the modelling approach explicitly 256 

accounted for non-linear exposure–response relationships and delayed effects, which are 257 

known to be context dependent and vary geographically, and which have been identified as 258 

key methodological recommendations in recent systematic reviews (4, 5). 259 

 260 

A further important consideration is that the mental health data used in this study represent 261 

requests for healthcare or advice rather than confirmed clinical diagnoses. This is a key 262 

strength of the study, as formal diagnoses are likely to constitute only a subset of total mental 263 

health–related healthcare contacts. The data therefore capture a broad spectrum of help-264 

seeking behaviour, including presentations that may not reach the threshold for a formal 265 

diagnosis but nonetheless generate demand for mental health services and associated 266 
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resources. Although healthcare-seeking behaviour can be influenced by external factors such 267 

as media reporting (22), it is unlikely that such influences would be systematically associated 268 

with daily weather conditions and therefore unlikely to bias the associations reported here. 269 

The findings reflect environmental conditions as experienced in England, characterised by a 270 

median daily ambient temperature of 12.5 °C, median daily rainfall of 10 mm, and median 271 

daily sunshine duration of 10 hours. Accordingly, the results pertain to healthcare-seeking 272 

behaviour within England in the context of a nationalised healthcare system that is free at the 273 

point of use. 274 

Although effect sizes were modest (2-19% depending on the indicator and predictor 275 

variable), even small relative changes in healthcare utilisation may translate into meaningful 276 

fluctuations in service demand at a national scale. The indicators used are for ‘first contact’ 277 

with health services and do not reflect consequential pressure on health and social services 278 

associated with the complexity and possibly chronic nature of mental health conditions 279 

requiring secondary or ongoing scheduled treatment. In addition, these trends may not be 280 

reflective of healthcare seeking outside of the NHS and also of individuals who choose not to 281 

seek any help.   282 

These findings may inform short-term service planning in NHS healthcare services and 283 

contribute to preparedness efforts that account for weather-related variation in mental health–284 

related demand. Over longer time scales similar approaches may help improve understanding 285 

of how climate change could influence patterns of healthcare utilisation, while recognising 286 

the potential for adaptation and changing vulnerability (23, 24). 287 

Climate change is already influencing weather patterns and is expected to continue doing so 288 

over coming decades (2). In this context, the observed positive associations between ambient 289 

temperature and mental health–related healthcare utilisation warrant attention. However, 290 

rising average temperatures may not necessarily translate directly into increased mental 291 

health burden, as populations may adapt over time. At the same time, climate change is 292 

projected to increase temperature variability, which may pose greater challenges for societal 293 

adaptation. Our findings also indicate that greater sunshine duration was associated with 294 

reduced mental health–related healthcare utilisation. Projections suggest decreasing cloud 295 

cover over most continents, with increasing cloud cover in tropical regions; in temperate 296 

regions such as the UK, changes in sunshine may therefore partially counterbalance some 297 

temperature-related effects (24). 298 

This research has several public health implications. First, improved understanding of 299 

associations between weather conditions and mental health–related healthcare demand may 300 

inform the calibration of early warning systems, particularly to support healthcare providers 301 

in emergency preparedness and resource allocation. Second, applying similar analytical 302 

approaches over longer time scales could contribute to understanding the potential impacts of 303 

climate change on mental health–related healthcare utilisation. Finally, this study highlights 304 

the value of syndromic surveillance data as a resource for monitoring mental health–related 305 

healthcare demand. The consistency of our findings with other studies using comparable 306 

methods suggests that, where such systems are available, standardised syndromic surveillance 307 

data could be applied in similar ways in other settings beyond England. 308 

 309 

Conclusion 310 

 311 
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This study provides evidence that short-term variations in temperature and sunshine are 312 

associated with changes in unscheduled mental health–related healthcare utilisation within 313 

NHS services in England. Higher temperatures and fewer hours of sunshine were linked to 314 

modest increases in healthcare contacts, while rainfall showed little consistent association. 315 

Although the observed effects were small in magnitude, the findings demonstrate the utility 316 

of near real-time syndromic surveillance data for monitoring fluctuations in mental health–317 

related healthcare demand. Integrating environmental data with routine healthcare 318 

surveillance may support service planning and preparedness and offers a framework for 319 

examining how weather and longer-term climatic changes could influence patterns of mental 320 

health–related healthcare utilisation. 321 

 322 

Acknowledgements 323 

We thank the UKHSA syndromic data providers including NHS 111 and NHS England for 324 

NHS 111 triaged calls; Advanced Ltd and GP out-of-hours services providers for submitting 325 

data to the general practitioner out-of-hours system; emergency department clinicians, NHS 326 

Trusts and NHS England for supporting the Emergency Department Syndromic Surveillance 327 

System. We also thank the UKHSA Real-time Syndromic Surveillance Team for technical 328 

support. 329 

 330 

This work was funded by the National Institute for Health and Care Research (NIHR) Health 331 

Protection Research Unit (HPRU) in Emergency Preparedness and Response at King’s 332 

College London in partnership with the UK Health Security Agency (UKHSA) in 333 

collaboration with the University of East Anglia (UEA). RE, JB AJE and IL are affiliated 334 

with the NIHR HPRU in Gastrointestinal Infections at the University of East Anglia, 335 

Newcastle University and the Quadram Institute in partnership with the UKHSA. AJE is 336 

currently affiliated with the NIHR HPRU in Emergency Preparedness and Response at the 337 

University of Birmingham in partnership with the UKHSA. The views expressed are those of 338 

the author(s) and not necessarily those of the National Health Service, NIHR, UEA, UK 339 

Department of Health or UKHSA. 340 

 341 

We used the Microsoft 365 Co-Pilot app to review the final manuscript for journal style and 342 

content.343 



10 | P a g e  
 

Table 1. Summary of NHS 111 calls, GP OOH contacts and ED attendances for mental health conditions in England 2014-2022 (All 344 

values are 1x103) 345 

Variable Detail 
NHS 111 

(Total:1620) 
(%) 

ED 

(Total 1,980) 
(%) 

GP OOH 

(Total 1,023) 
(%) 

Region 

East Midlands 177 (10.9) 187 (9.5) 90 (8.8) 

East of England 119 (7.4) 213 (10.8) 124 (12.1) 

London 210 (12.9) 283 (14.3) 200 (19.6) 

North East 92 (5.7) 66 (3.3) 9 (0.9) 

North West 182 (11.3) 311 (15.7) 230 (22.5) 

South East 265 (16.3) 277 (14.0) 165 (16.1) 

South West 202 (12.4) 191 (9.6) 69 (6.8) 

West Midlands 189 (11.6) 211 (10.6) 101 (9.9) 

Yorkshire and Humber 185 (11.4) 240 (12.1) 36 (3.5) 

Age Group 

Age group 0-14 34 (2.1) 102 (5.2) 117 (11.5) 

Age group 15-44 933 (57.6) 1144 (57.8) 490 (47.9) 

Age group 45-64 457 (28.2) 442 (22.3) 223 (21.8) 

Age group > 64 196 (12.1) 292 (14.8) 193 (18.9) 

Sex 
Male 765 (47.2) 941 (47.7) 418 (40.8) 

Female 855 (52.8) 1030 (52.3) 605 (59.1) 

Diagnosis group 

Alcohol 60 (3.7) 443 (22.4) 33 (3.2) 

Anxiety 1  309 (15.6) 246 (24.1) 

Depression 1  335 (16.9) 83 (8.1) 

Mental Health problems 1416 (87.4) 1  1  

Other 1  415 (21.0) 588 (57.5) 

Overdose 1  478 (24.2) 1  

Self harm 54 (3.4) 1  46 (4.4) 

Sleep difficulties 90 (5.5) 1  27 (2.6) 
1 Not specifically coded346 
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Figure 1. Multivariable model pooled exposure-response relationships. 347 

 348 
 349 

Notes: Multivariable model pooled exposure-response relationship in relative risk between mean temperature 350 
(left), rainfall (centre column) and hours of full sunshine (right) and calls to NHS 111 (top), GP out of hours 351 
contacts (middle) and emergency department attendances (bottom) in nine English regions, 2014-2022.   The 352 
dashed lines represent 95% confidence intervals and vertical lines highlight regions where RR and 95% CI do 353 
not include 1. Reference at 12.5 °C, 10mm and 10 hours respectively354 
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Figure 2. Multivariable model pooled exposure-response relationships for mental health 355 

conditions related to alcohol, overdose and self-harm.  356 

 357 

 358 
Notes:  359 
Solid lines represent pooled estimates.  Dashed lines represent 95% confidence intervals. Please note that y axes 360 
vary.    361 
 362 
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Figure 3. Multivariable model pooled exposure-response relationships for mental health 363 

conditions related to anxiety, depression and sleep.  364 

 365 
Notes:  366 
Solid lines represent pooled estimates.  Dashed lines represent 95% confidence intervals. Please note that y axes vary.    367 
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Supplementary Figure 1. Outcome and predictor variables measured daily over time during monitoring 

period  

 

 
Notes: Data are presented as a 7-day moving average.   Date range for NHS 111 and GP OOH is January 2014-December 

2022. Date range for ED is April 2014- December 2022.  Left column (Top: NHS 111 calls, Centre: GP OOH contacts, 

Bottom: ED attendances). Right column (Top: Mean temperature, Centre: Rainfall, Bottom: Full sunshine) 

 

 



Supplementary Tables 

15 | P a g e  
 

Supplementary Figure 2. Multivariable model pooled exposure-response relationships stratified 1 
by age group. 2 

 3 

Notes:   Solid lines represent age group specific pooled estimates.  Dotted lines represent 95% confidence intervals4 
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Supplementary Figure 3. Multivariable model pooled exposure-response relationships stratified by sex. 5 
 6 

 7 
 8 

Notes:  9 
Solid lines represent sex specific pooled estimates.  Dotted lines represent 95% confidence intervals.   Outcome variables: 10 
Top row: calls to NHS 111. Middle row: GP out of hours contacts. Bottom row: emergency department attendances.  11 
stratified by age group in England, 2014-2022.  Predictor variables: Left:  Temperature.  Centre: Rainfall. Right: Sunshine. 12 
Reference at 12.5 °C, 10mm and 10 hours respectively.13 
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Supplementary Figure 4. Multivariable pooled exposure response relationship with and 

without period of COVID-19 pandemic (2020-2021).  
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Supplementary Table 1. Construction of diagnosis groups. 

Diagnosis 

group 

Variables included 

NHS 111* GP OOH** ED*** 

Alcohol Alcohol intoxication Alcohol intoxication Alcohol intoxication 

Sleep Sleep difficulties Sleep difficulties/insomnia Not recorded 

Self-harm 
Deliberate self-harm Intentional poisoning 

Self-harm 

Not recorded 

Overdose Not recorded Overdose OD/poisoning/toxic 

Anxiety Not recorded Anxiety Anxiety 

Depression Not recorded Depression Depression 

Other Mental health problems Mental health/total neuroses All mental health 
Notes: 

*See Supplementary Table 1, ** See Supplementary Table 2, ***See Supplementary Table 3.  

 

Supplementary Table 2. Cochran Q test and I2 for second stage multivariate models 

based on an absolute scale. 

 

Predictor variable 

  

Source 

  

Cochran Q test 

I-square Q df p 

Temperature 

NHS 111 63.2 48 0.07 24.0 

GP OOH  71.4 48 0.02 32.8 

ED 71.9 48 0.01 33.3 

Rainfall 

NHS 111 75.4 48 0.01 36.3 

GP OOH  63.8 48 0.06 24.7 

ED 109.8 48 0.00 56.3 

Sunshine  

NHS 111 57.4 48 0.17 16.4 

GP OOH  62.9 48 0.07 23.7 

ED 73.9 48 0.01 35.1 
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Supplementary Table 3. Comparison of models with 2020-2021 data included (base) and 

excluded (1) using Akaike Information Criterion (AIC).  
 

System Variable AIC base AIC 1 Δ AIC 

NHS 111 Mean temperature -104.8 -102.1 2.7 

 Rainfall -123.8 -104.3 19.4 

 Sunshine -131.3 -92.2 39.1 

GP OOH Mean temperature -76.9 -82.9 -6.0 

 Rainfall -104.0 -92.6 11.4 

 Sunshine -107.1 -95.4 11.8 

ED Mean temperature -150.5 -143.6 6.9 

 Rainfall -127.2 -110.5 16.7 

  Sunshine -149.4 -126.5 22.9 
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