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Abstract 

Background 
Exposure to cold is known to be associated with severe health impacts. The primary 
epidemiological evidence for this is the seasonal variation in mortality. However, there is a 
paucity of directly measured data for personal cold temperature exposure. This paper 
develops the concept of experienced temperature, and reports how it varies with season, 
demographics and housing factors.  

Methods 
This study uses data from 77,743 UK Biobank participants. A novel method to directly 
measure participant’s exposure to low temperatures using a thermistor in a wrist-worn 
activity monitor is described. These readings are combined with demographic and housing 
factor variables in a multiple regression model to understand underlying relationships. 

Results 
The study reveals a significant difference in experienced temperature of approximately 
1.8°C between the periods of coldest and hottest external temperature. A number of 
demographic differences were also observed – such as people of Chinese ethnic background 
experiencing 0.65°C lower temperatures than other groups. 

Conclusions 
This paper presents primary evidence for a seasonal variation in experienced temperature. 
This variation likely contributes to cold related mortality and morbidity. It is hypothesised 
that this relationship would be less strong in countries which suffer fewer impacts of cold 
winter temperatures.  
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Introduction 
In the UK the most widely used epidemiological evidence for the negative health impacts of 
cold exposure is the winter peak in mortality1. Often characterised as the ratio of average 
daily winter deaths to non-winter deaths – the use of excess winter deaths (EWD) has been 
the subject of recent debate; a large number of EWDs occur outside the winter period2 and 
regional variation in the duration of the coldest months makes cross country comparison 
difficult3.  
 
Some evidence has begun to emerge which paints a complex picture of the health impacts 
of cold, with some studies suggesting mild cold exposure may stimulate brown adipose fat 
production and positively benefit metabolic health4. The use of whole body cryotherapy 
remains controversial in athlete recovery programs5, but is widely used in the treatment of 
specific conditions6 7. Despite such studies, the consensus remains that prolonged cold 
exposure, especially for vulnerable individuals, can have significant impacts on physical and 
mental well-being. However, particularly in the domestic setting, establishing specific 
threshold temperatures at which exposure to cold becomes dangerous is difficult, and 
supported by little direct evidence8. This is due in part to the underlying complexity of the 
thermal exchange mechanisms involved and a paucity of large scale directly measured 
temperature data. 
 
This paper introduces a novel technique for determining exposure to cold by developing a 
concept due to Kuras et al., named here the experienced temperature9. The experienced 
temperature aims to characterise the immediate thermal environment of an individual, 
measured here by a wrist worn sensor. As part of the UK Biobank, 103,707 participants 
wore an activity monitor on the wrist for a week. Alongside accelerometer data the sensor 
recorded temperature. Pilot studies for this project demonstrated that the sensor’s 
temperature is influenced by both the ambient environmental temperature and heat from 
the wrist. As such, it is suitable for characterising the experienced temperature of an 
individual. 
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Methods 
A full research plan was submitted to an online pre-registration repository prior to the 
analysis of the data10. This allows research questions and hypotheses to be recorded and 
guards against data mining or significance hacking11.  

Sources of data 
All variables except external temperature (see below) are drawn from the UK Biobank 
dataset. The UK Biobank is an on-going cross-sectional health study of UK adults, which 
recruited over 500,000 people from the general population. Of these, 236,519 participants12 
were invited to wear an Axivity AX3 wristband sensor for one week to provide data on 
physical activity. The Axivity device encodes accelerometer, temperature and lux light level 
data into a single data file. 103,707 such files were available for analysis in this study. The 
age of the participants at the time of wearing the wristband ranged from 43 to 79, the 
median age was 64. An examination by Fry et al. of the whole UK Biobank sample found 
evidence of the ‘healthy volunteer’ bias, that participants smoke, drank alcohol and were 
obese at lower rates than the general population13. Figure 1 gives the approximate 
geographical distribution of participants. 
 
Experienced temperature 
The thermal environment of humans is complex14. The primary pathways for heat transfer 
are conduction, convection, radiation and evaporative exchange. Since these pathways can 
be highly anisotropic and influenced by local heating, clothing, air movement, moisture 
levels and many other factors, characterising this environment is difficult. No single 
temperature will capture an individual’s thermal environment fully. However, a wrist worn 
temperature sensor reflects the thermal environment well, since it is not dramatically 
influenced by core body heat. Wrist temperature varies diurnally with a peak during 
sleeping hours15 16. However, there is little variation in amplitude as a function of either 
gender17 or age18. It is therefore most likely the best location to capture experienced 
temperature. 
 
Baseline demographic data collection was completed in 2010. The wristband data were 
collected between June 2013 and December 2015, with an approximately flat distribution of 
wear-period start times across the data collection duration. The total number of participants 
in each season across the 2.5 years of data collection were winter: 16,130, spring: 21,301, 
summer 17,689, autumn 22,623. There were no wear-periods which began in the first week 
of the year. 
 
The data from the UK Biobank were processed in the following manner. 80,050 participants 
remained after a wear-time requirement of 90% was imposed and the data down sampled 
to a 5-second interval (in line with the study by Doherty et al. using the same device12). 
78,578 remained after participants with conditions associated with abnormally cold hands 
(such as Raynaud's disease) or disrupted circadian rhythms (dementia and Alzheimer’s 
disease) were excluded19. Participants carrying out shift-work were also excluded at this 
stage20 21 22. Outliers with an experienced temperature above 40°C or below 20°C were 
excluded, as were participants with missing data or those who opted to withdraw, leaving 
77,743 participants in the study. 
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The experienced temperature variable was derived from the temperature time series in the 
following manner: First, the first and last day’s data were excluded to remove transient 
effects at the start and end of the trial period. Second, all data points with an activity 
reading above the median value were excluded in order to remove times at which 
participants were active or exercising. The resultant time series was not trivial to 
summarise. However, the decision was made at the Pre-analysis stage that the first decile 
be taken to represent the coldest temperatures experienced. The minimum was not used as 
it is susceptible to being biased by single brief cold temperature readings, and the mean is 
dominated by the warm microclimate of the bed while sleeping. 
  
External temperature 
The external temperature for the week during which the Axivity wristband was worn was 
given by gridded NASA MEERA-2 dataset23. Each participant’s approximate home location 
was matched to the corresponding grid square and the 5-day average of the 2-meter air 
temperature calculated. The grid resolution in the NASA MEERA-2 dataset is 0.625°×0.5°  
which corresponds to approximately 70×35 km – around 200 grid squares cover the UK24. 

Multiple regression 
The research was designed to allow for the use of multi-level modelling to account for 
regional grouping of the data. However, a calculation of the variance partition coefficient, 
which measures the amount of the variance that is explained by regional differences, was 
found to be less than 0.2%. Given that 99.8% of the variance was not due to regional 
differences, a simpler multiple regression model was adopted.  
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Results 
Table 1 reports the regression model for 77,743 participants using the variables external 
temperature, age, sex, accommodation and tenure types, household income and size, 
employment status, whether the home has gas or solid fuel appliances and ethnicity. Table 
2 reports additional variables of financial situation satisfaction and heating type for a 
smaller sample of 29,646 individuals – all other coefficients agreed with those in table 1, but 
with wider confidence intervals. The variance inflation factor was less than 2.1 for all 
variables, indicating a low risk of multi-collinearity.  

External temperature vs experienced temperature 
The experienced temperature falls by 0.08°C for every degree drop in external temperature.  
The experienced temperature recorded during coldest periods is therefore 1.8°C colder than 
the warmest periods. This relationship is illustrated in figure 2.  

Demographic and building factors 
The model revealed a number of significant differences of at least 0.1°C at the <1% level. For 
every year of age increase for participants, the experienced temperature was found to 
increase by 0.02°C, which means, on average, a 75-year-old had an experienced 
temperature 0.7°C higher than a 40-year-old. Participants with a Chinese ethnic background 
were found to have an experienced temperature 0.65°C colder than white participants. 
 
The experienced temperature of those renting from the local authority was 0.16°C higher 
than those who owned their homes outright. Those who live in flats were 0.10°C warmer 
than in house/bungalows. Participants who lived in homes with oil/kerosene heating 
systems were 0.14°C colder than those with gas central heating. Those who make regular 
use of open solid fuel fires were 0.15°C colder than the majority who have a gas hob or 
cooker – this slightly unusual comparison results from the UK Biobanks variables. 
 
Participants unable to work due to sickness or disability had experienced temperatures 
0.18°C higher than those in employment. There is some evidence that financial situation 
satisfaction negatively correlates with experienced temperature; those who report being 
very unhappy with their financial situation were 0.28°C warmer than those who were 
extremely happy, although no other significant differences in this category were found.  

Uncertainty analysis 
The quoted confidence intervals account for statistical uncertainty only. Substantial 
unquantified uncertainty exists regarding whether the participant remained close to their 
home address for the duration of the trial. Furthermore, the accuracy of an individual 
Axivity device is ±1°C25 – this accounts for some of the variance visible in figure 2. 
Uncertainties exist as to whether the demographic variables collected in the initial baseline 
data collection exercise were still accurate at the time of wearing the Axivity device.  
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Discussion 

Main finding of this study 
The experienced temperature of sedentary older UK adults drops by 0.08°C for every degree 
decrease in external temperature, corresponding to around a 1.8°C difference between the 
warmest and coldest periods of the year. A key hypothesis that results from this finding is 
that countries which suffer lower levels of cold related illness might have a less steep 
gradient in experienced temperature against external temperature. Whether the observed 
gradient of 0.08°C is sufficient to explain the prevalence of cold related illness in the UK is 
still an open question. Furthermore, it is important not to interpret this figure in a way that 
ignores the large degree of heterogeneity in experienced temperatures, both between 
different demographic groups and within an individual’s daily experience. 

What is already known on this topic  
To date, no work has been conducted attempting to record the personal thermal 
environment of people at the population level. At the small sample level, the individual 
experienced temperature (IET) was defined by Kuras et al. for which 23 participants in 
Boston wore iButton temperature sensors record the IET during a 6-day period which 
included a heat wave9. IETs were 3.7°C lower than the outdoor ambient temperature, and 
1°C higher than those recorded during a reference period which was 6.5°C cooler than the 
heat wave.  
 
The largest recent survey (N=821) of internal temperatures and dwelling characteristics of 
English homes found several significant differences in living room temperatures26. Those 
living in local authority homes were 1.8°C warmer than in owner occupied dwellings. The 
living rooms of retired people were 1°C higher than those of people in full-time 
employment.  
 
A nationally representative estimate of average UK internal domestic temperatures found 
them to decrease by 0.17°C for every centigrade drop in external temperature27. This is 
steeper decline than the 0.08°C figure reported here, and consistent with the observation 
that the microclimate of the bed provides warmer experienced temperatures than 
suggested by room temperature measurements. 

What this study adds 
This is the first study to have examined the variation of experienced temperature in a large 
sample of the population. The regression model reveals significant differences between 
demographic groups and certain building characteristics. This approach allows for 
specifically targeted interventions to be developed, which might more effectively combat 
the negative health impacts of cold. The relationship between the experienced temperature 
and health outcomes will appear in a future manuscript. 
 
The lower experienced temperature of those with oil/kerosene heating systems and open 
fires accords with the current understanding of fuel poverty in the UK. The result that 
people of a Chinese ethnic background have significantly lower experienced temperatures 
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warrants further investigations – this might be cause for concern, or merely reflective of 
different heating practices, such as the use of electric blankets. 
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Limitations of this study 
The relationship between ambient and experienced temperature is complex, and makes 
interpretation difficult. Before further work is conducted, the significant differences that 
this study has revealed should only be used as justification for further enquiry. The 
temperature sensor’s position on the wrist means that this measure of experienced 
temperature may not agree with readings taken with sensors placed at other locations on 
the body. Furthermore, since the temperature readings contain a component of body heat, 
they are generally higher than the local ambient temperature. Therefore, care must be 
taken not to conflate the values of measured experienced temperature reported here with 
other bodily or ambient temperatures 
 
Clothing which covers the wrist increases the temperature reading of the sensor, all other 
things being equal. Therefore, the method used here records cold exposure more reliably 
than high temperature exposure. This is because there is an ambiguity at high recorded 
temperature whether the reading is a result of a high ambient temperature or a sensor 
worn under a heavy coat, for example. Conversely, there are no physical mechanisms which 
could result in colder temperature readings in the absence of cold ambient temperatures, 
so this ambiguity does not exist for cold temperatures.   
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Figure 1 The approximate location of the study participants with the seasonally corrected 
experienced temperature 
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Figure 2 The seasonal variation of experienced temperature, as a function of external 
temperature. Due to the high number of data points, they are represented as a density 
cloud.  The gradient of the regression line is 0.08  
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Table 1 Regression results for the full sample of 77,743 study participants 

Predictor variable (relative 
subcategory, N)  Sub-category (N) b 

b 
95% CI 
[LL, UL] 

(Intercept) - 26.48** [26.32, 26.64] 

External temperature  - 0.08** [0.08, 0.08] 
Age - 0.02** [0.02, 0.02] 
Sex (Female, 43758) Male (33985) -0.08** [-0.10, -0.05] 

Accommodation type 
(House/bungalow, 71508) 

Flat (6084) 0.10** [0.05, 0.15] 

Temporary (54) 0.07 [-0.42, 0.57] 

None of above (84) -0.17 [-0.56, 0.23] 
Prefer not to answer (13) -0.22 [-1.25, 0.81] 

Tenure type (Own outright, 
44528) 

Mortgage (28469) 0.03 [0.00, 0.06] 

Rent Local Authority (2105) 0.16** [0.07, 0.24] 
Rent private (1506) -0.07 [-0.17, 0.03] 
Shared (173) 0.03 [-0.25, 0.31] 

Rent free (470) 0.03 [-0.14, 0.20] 

None of above (277) 0.04 [-0.18, 0.26] 
Prefer not to answer (215) -0.20 [-0.45, 0.06] 

Household Income £ (Less than 
18,000, 10613) 

18,000 to 30,999, (17753) 0.08** [0.03, 0.12] 

31,000 to 51,999 (20002) 0.04 [-0.01, 0.09] 
52,000 to 100,000 (17017) 0.04 [-0.01, 0.09] 
Greater than 100,000 (4855) 0.02 [-0.04, 0.09] 

Prefer not to answer (5478) 0.10** [0.04, 0.17] 
Do not know (2025) 0.17** [0.08, 0.26] 

Household size - 0.00 [-0.01, 0.02] 

Employment status (In paid 
employment or self-employed, 
39810)  

Retired (27422) 0.04* [0.00, 0.08] 
Looking after home and/or family (3230) -0.05 [-0.12, 0.02] 
Unable to work because of sickness or 
disability (1436) 

0.18** [0.08, 0.28] 

Unemployed (904) -0.06 [-0.18, 0.06] 
Doing unpaid or voluntary work (3751) -0.05 [-0.11, 0.02] 
Full or part-time student (741) -0.14* [-0.27, -0.00] 
None of the above (350) -0.19 [-0.39, 0.00] 

Prefer not to answer (99) 0.10 [-0.27, 0.46] 

Gas or Solid Fuel (Gas hob or gas 
cooker, 55130) 

Gas fire (6750) -0.01 [-0.06, 0.03] 
An open solid fuel fire (2302) -0.15** [-0.23, -0.08] 
None of the above (13509) 0.08** [0.04, 0.12] 

Prefer not to answer (41) 0.42 [-0.15, 1.00] 

Do not know (11) -0.99 [-2.08, 0.10] 
Ethnicity (White, 75333) Asian (662) 0.15* [0.01, 0.29] 

 Black (584) 0.09 [-0.06, 0.24] 

 Chinese (157) -0.65** [-0.94, -0.37] 
 Mixed (398) -0.10 [-0.28, 0.08] 
 Other ethnic group (397) -0.13 [-0.32, 0.05] 
 Prefer not to answer (192) -0.22 [-1.02, 0.59] 
 Do not know (20) -0.01 [-0.28, 0.25] 
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Table 2 Regression results for additional variables for a smaller sample of 29,646 
participants. 

Predictor variable (relative 
subcategory, N)  Sub-category (N) b 

b 
95% CI 
[LL, UL] 

Financial situation satisfaction 
(Extremely happy, 2770) 
 

Very happy (10881) 0.01 [-0.06, 0.09] 

Moderately happy (12845) 0.01 [-0.06, 0.09] 

Moderately unhappy (2080) 0.07 [-0.04, 0.18] 

Very unhappy (646) 0.28** [0.12, 0.45] 

Extremely unhappy (328) 0.13 [-0.09, 0.35] 

Prefer not to answer (50) -0.36 [-0.88, 0.15] 

Do not know (46) -0.02 [-0.56, 0.51] 
Heating type (Gas central 
heating, 27442) 

Electric storage heaters (670) 0.07 [-0.08, 0.22] 

Oil (kerosene) central heating (832) -0.14* [-0.28, -0.00] 

Portable gas or paraffin heaters (8) -0.79 [-2.06, 0.49] 

Solid fuel central heating (98) -0.25 [-0.62, 0.13] 

Open fire without central heating (82) -0.31 [-0.72, 0.09] 

None of the above (485) -0.04 [-0.21, 0.13] 

Prefer not to answer (13) 1.22* [0.06, 2.38] 
Do not know (16) -0.77 [-1.69, 0.14] 

 
 

References 

1 Office of National Statistics. Statistical bulletin: Excess winter mortality in England and 
Wales: 2016 to 2017 (provisional) and 2015 to 2016 (final) Accessed 4/10/2018 Available 
from:https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/
deaths/bulletins/excesswintermortalityinenglandandwales/2016to2017provisionaland2015t
o2016final 
 
2 Hajat, S., Gasparrini, A., 2016. The Excess Winter Deaths Measure. Epidemiology 27, 486–
491.  
 
3 Liddell, C., Morris, C., Thomson, H., Guiney, C., 2016. Excess winter deaths in 30 European 
countries 1980–2013: a critical review of methods. J Public Health (Oxf) 38, 806–814. 
 
4 van Lichtenbelt, W.M., Hanssen, M., Pallubinsky, H., Kingma, B., Schellen, L., 2017. Healthy 
excursions outside the thermal comfort zone. Building Research & Information 45, 819–827. 
https://doi.org/10.1080/09613218.2017.1307647 
 
5 Costello, J.T., Baker, P.R., Minett, G.M., Bieuzen, F., Stewart, I.B., Bleakley, C., 2015. Whole‐
body cryotherapy (extreme cold air exposure) for preventing and treating muscle soreness 
after exercise in adults. Cochrane Database of Systematic Reviews. 
https://doi.org/10.1002/14651858.CD010789.pub2 
 

                                                      

https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/excesswintermortalityinenglandandwales/2016to2017provisionaland2015to2016final
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/excesswintermortalityinenglandandwales/2016to2017provisionaland2015to2016final
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/excesswintermortalityinenglandandwales/2016to2017provisionaland2015to2016final
https://doi.org/10.1080/09613218.2017.1307647
https://doi.org/10.1002/14651858.CD010789.pub2


This article has been accepted for publication in the Journal of Public Health, Published by 

Oxford University Press. Accepted: 2019-03-05. DOI: 10.1093/pubmed/fdz025 

 

 

                                                                                                                                                                     
6 Freiman, A. 2005. History of cryotherapy. Dermatology Online Journal 11. 
 
7 National Institute for Health and Care Excellence (NICE), 2007. Laparoscopic cryotherapy 
for renal cancer. Interventional procedures guidance [IPG405]. Accessed Oct 22 2018 
https://www.nice.org.uk/guidance/IPG405 
 
8 Jevons, R., Carmichael, C., Crossley, A., Bone, A., 2016. Minimum indoor temperature 
threshold recommendations for English homes in winter – A systematic review. Public 
Health 136, 4–12. https://doi.org/10.1016/j.puhe.2016.02.007 
 
9 Kuras, E.R., Hondula, D.M., Brown-Saracino, J., 2015. Heterogeneity in individually 
experienced temperatures (IETs) within an urban neighborhood: insights from a new 
approach to measuring heat exposure. International Journal of Biometeorology 59, 1363–
1372. https://doi.org/10.1007/s00484-014-0946-x 
 
10 Kennard, H.R, Huebner, G.M, Shipworth, D. Pre-analysis plan: Experienced Temperature 
and Health submitted 04/09/2018 Available at http://egap.org/registration/5161   
 
11 Huebner, GM; Fell, M; Nicolson, M; Shipworth, D; Elam, S; Hanmer, C; Kennard, H; Are we 
heading towards a replicability crisis in energy efficiency research? A toolkit for improving 
the quality, transparency and replicability of energy efficiency impact 
evaluations. In: Proceedings of the European Council for an Energy Efficient Economy ECEEE 
2017 Summer Study on energy efficiency: consumption, efficiency and limits. UKERC: 
London, UK. 
 
12 Doherty, A., Jackson, D., Hammerla, N., Plötz, T., Olivier, P., Granat, M.H., White, T., Hees, 
V.T. van, Trenell, M.I., Owen, C.G., Preece, S.J., Gillions, R., Sheard, S., Peakman, T., Brage, 
S., Wareham, N.J., 2017. Large Scale Population Assessment of Physical Activity Using Wrist 
Worn Accelerometers: The UK Biobank Study. PLOS ONE 12, e0169649. 
https://doi.org/10.1371/journal.pone.0169649 Github repository: 
https://github.com/activityMonitoring/biobankAccelerometerAnalysis 
 
13 Fry, A., Littlejohns, T.J., Sudlow, C., Doherty, N., Adamska, L., Sprosen, T., Collins, R., Allen, 
N.E., 2017. Comparison of Sociodemographic and Health-Related Characteristics of UK 
Biobank Participants With Those of the General Population. Am J Epidemiol 186, 1026–
1034. https://doi.org/10.1093/aje/kwx246 
 
14 Gagge, A.P., Nishi, Y., 2011. Heat Exchange Between Human Skin Surface and Thermal 
Environment, in: Terjung, R. (Ed.), Comprehensive Physiology. John Wiley & Sons, Inc., 
Hoboken, NJ, USA. https://doi.org/10.1002/cphy.cp090105 
 
15 Areas R, Duarte L, Menna-Barreto L, 2006. Comparative analysis of rhythmic parameters 
of the body temperature in humans measured with thermistors and digital thermometers. 
Biological Rhythm Research 37, 419–424. https://doi.org/10.1080/09291010600869752 
 

https://doi.org/10.1016/j.puhe.2016.02.007
https://doi.org/10.1007/s00484-014-0946-x
https://github.com/activityMonitoring/biobankAccelerometerAnalysis
https://doi.org/10.1080/09291010600869752


This article has been accepted for publication in the Journal of Public Health, Published by 

Oxford University Press. Accepted: 2019-03-05. DOI: 10.1093/pubmed/fdz025 

 

 

                                                                                                                                                                     
16 Sarabia, J.A., Rol, M.A., Mendiola, P., Madrid, J.A., 2008. Circadian rhythm of wrist 
temperature in normal-living subjects: A candidate of new index of the circadian system. 
Physiology & Behavior 95, 570–580. https://doi.org/10.1016/j.physbeh.2008.08.005 
 
17 Chilcott R P, Farrar R, 2000. Biophysical measurements of human forearm skin in vivo: 
Effects of site, gender, chirality and time. Skin Research and Technology 6, 64–69. 
https://doi.org/10.1034/j.1600-0846.2000.006002064.x 
 
18 Howell TH, 1983. The skin temperature gradient in the upper limbs of old women. 
Experimental gerontology 18, 255–61. 
 
19 Harfmann, B.D., Schroder, E.A., England, J.H., Senn, N.J., Westgate, P.M., Esser, K.A., Kern, 
P.A., 2017. Temperature as a Circadian Marker in Older Human Subjects: Relationship to 
Metabolic Syndrome and Diabetes. J Endocr Soc 1, 843–851. 
https://doi.org/10.1210/js.2017-00086 
 
20 Jang TW, Kim H, Kang SH, Choo SH, Lee IS, Choi KH, 2017. Circadian Rhythm of Wrist 
Temperature among Shift Workers in South Korea: A Prospective Observational Study. 
International journal of environmental research and public health 14. 
https://doi.org/10.3390/ijerph14101109 
 
21 Ferreira L R.C, Miguel M A.L, Figueiredo De Martino, M M, Menna-Barreto L, 2013. 
Circadian rhythm of wrist temperature and night shift-work. Biological Rhythm Research 44, 
737–744. https://doi.org/10.1080/09291016.2012.739931 
 
22 Bracci M, Ciarapica V, Copertaro A, Barbaresi M, Manzella N, Tomasetti M, Gaetani S, 
Monaco F, Amati M, Valentino M, Rapisarda V, Santarelli L, 2016. Peripheral skin 
temperature and circadian biological clock in shift nurses after a day off. International 
Journal of Molecular Sciences 17. https://doi.org/10.3390/ijms17050623 
 
23 Global Modeling and Assimilation Office (GMAO) (2015), inst1_2d_asm_Nx: MERRA-2 3D 
IAU State, Meteorology Instantaneous 3-hourly (p-coord, 0.625x0.5L42), version 5.12.4, 
Greenbelt, MD, USA: Goddard Space Flight Center Distributed Active Archive Center (GSFC 
DAAC), Accessed May 28 2018 at doi: 10.5067/3Z173KIE2TPD.  
 
24 Global Modeling and Assimilation Office (GMAO) (2016), MERRA-2: File Specification 
Office Note No. 9 (Version 1.1) Release Date: March 21, 2016 Accessed May 28 2018 
https://gmao.gsfc.nasa.gov/pubs/docs/Bosilovich785.pdf 
 
25 Axivity, 2015. AX3 Data Sheet. Accessed:  August 10 2017 
https://axivity.com/files/resources/AX3_Data_Sheet.pdf  
 
26 Hamilton, I.G., O’Sullivan, A., Huebner, G., Oreszczyn, T., Shipworth, D., Summerfield, A., 
Davies, M., 2017. Old and cold? Findings on the determinants of indoor temperatures in 
English dwellings during cold conditions. Energy and Buildings 141, 142–157. 
https://doi.org/10.1016/j.enbuild.2017.02.014 

https://doi.org/10.1016/j.physbeh.2008.08.005
https://doi.org/10.1034/j.1600-0846.2000.006002064.x
https://doi.org/10.1210/js.2017-00086
https://doi.org/10.3390/ijerph14101109
https://doi.org/10.1080/09291016.2012.739931
https://doi.org/10.3390/ijms17050623
https://axivity.com/files/resources/AX3_Data_Sheet.pdf
https://doi.org/10.1016/j.enbuild.2017.02.014


This article has been accepted for publication in the Journal of Public Health, Published by 

Oxford University Press. Accepted: 2019-03-05. DOI: 10.1093/pubmed/fdz025 

 

 

                                                                                                                                                                     
 
27 Chambers, J.D., Oreszczyn, T., 2019. Deconstruct: A scalable method of as-built heat 
power loss coefficient inference for UK dwellings using smart meter data. Energy and 
Buildings 183, 443–453. https://doi.org/10.1016/j.enbuild.2018.11.016  

https://doi.org/10.1016/j.enbuild.2018.11.016

