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Individual differences in normal body temperature: longitudinal
big data analysis of patient records

Ziad Obermeyer,"* Jasmeet K Samra,’ Sendhil Mullainathan’

ABSTRACT
OBJECTIVE
To estimate individual level body temperature and

to correlate it with other measures of physiology and
health.

DESIGN
Observational cohort study.

SETTING
Outpatient clinics of a large academic hospital,
2009-14.

PARTICIPANTS

35 488 patients who neither received a diagnosis for
infections nor were prescribed antibiotics, in whom
temperature was expected to be within normal limits.

MAIN OUTCOME MEASURES

Baseline temperatures at individual level, estimated
using random effects regression and controlling for
ambient conditions at the time of measurement, body
site, and time factors. Baseline temperatures were
correlated with demographics, medical comorbidities,
vital signs, and subsequent one year mortality.

8.2% of individual temperature variation. Despite this,
unexplained temperature variation was a significant
predictor of subsequent mortality: controlling for all
measured factors, an increase of 0.149°C (1 SD of
individual temperature in the data) was linked to 8.4%
higher one year mortality (P=0.014).

CONCLUSIONS

Individuals’ baseline temperatures showed
meaningful variation that was not due solely to
measurement error or environmental factors. Baseline
temperatures correlated with demographics, comorbid
conditions, and physiology, but these factors
explained only a small part of individual temperature
variation. Unexplained variation in baseline
temperature, however, strongly predicted mortality.

Introduction

Have you ever felt cold, or warm, in a room where
everyone else felt comfortable? This common
experience about room temperature has some
interesting lessons for body temperature and how
we measure it. To know how warm or cold someone

1y woy papeojumoq "L1L0Z Jequadaq €| uo 8ol Twa/gel L'0L se paysiand sy (rNg

(Research article 2017;359:j5468 DOI: 10.1136/bm;.j5468 | BMJ)
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ABSTRACT

OBJECTIVE

To estimate individual level body temperature and
to correlate it with other measures of physiology ana
health,

DESIGN
Observational cohort study.

SETTING
Outpatient clinics of a large academic hospital,
2009-14.

PARTICIPANTS

35 488 patients who neither received a diagnosis for
infections nor were prescribed antibiotics, in whom
temperature was expected to be within normal limits

MAIN OUTCOME MEASURES

Baseline temperatures at individual level, estimated
using random effects regression and controlling for
ambient conditions at the time of measurement, bod
site, and time factors. Baseline temperatures were
correlated with demographics, medical comorbidities
vital signs, and subsequent one year mortality.

RESULTS

In a diverse cohort of 35 488 patients (mean age 52.9
years, 64% women, 41% non-white race) with 243 50
temperature measurements, mean temperature was
36.6°C (95% range 35.7-37.3°C, 99% range 35.3-
37.7°C). Several demographic factors were linked to
individual level temperature, with older people the
coolest (-0.021°C for every decade, P<0.001) and
African-American women the hottest (versus white
men: 0.052°C, P<0.001). Several comorbidities were
linked to lower temperature (eg, hypothyroidism:
-0.013°C, P=0.01) or higher temperature (eg, cancer,
0.020, P<0.001), as were physiological measurement
(eg, body mass index; 0.002 per m/kg’, P<0.001).
Overall, measured factors collectively explained only

Mean age 52.9 years.
Mean temperature (oral)
36.6'C (95% CI 35.7-37.3) C

Lower and higher temperature
linked to many diseases



Figure 1. Relation of temporal and environmental
factors to measured body temperature.
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Decreasing human body temperature in
the United States since the Industrial
Revolution
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Figure 1. Body temperature measurements by age as observed in three

different time periods: 1860-1940 (UAVCW), 1971-1975 (NHANES 1), and

2007-2017 (STRIDE).
A

B Coefficient (Standard error)
NHANES STRIDE
E white black UAVCW 1971-1975 2007-2017
) . 1860-1940
: 375 Men Women Men Women
g T 37.14 37.73 36.80 36.67 36.79
- (0.025) (0.18) (0.18) (0.02) (0.02)
s |, | | Saieie - A i) -0.003 -0.003 -0.003 -0.003 -0.004
E — » 3 yr (0.0001) (0.0005) | (0.0006) | (0.0001) | (0.0001)
° T e O e | | . -0.0002 00009 | 0.0006 0.001 0.0007
8 36.5- Weight (ke) (0.0001) (0.0005) | (0.0004) | (0.0001) | (0.0001)
° Height (cm) 0.0001 -0.0003 -0.002 -0.002 -0.001
g e (0.0002) ©0001) | (0001 | (0.0001) | (0.0001)
% 36.0- Co -0.021 -0.001 0.01 -0.06 -0.05
E e ExhicRy: Biack (0.002) ©0023) | 002 | (0003 | (0.002)
' ] 0.118 0.054 0009 | -0.0075
. Ethnicity: Other NA (0.066) (0.075) (0.002) (0.002)
s 0.012 0.001 0.02 0.02
3 37.0- Time of day - ©o016) | (0.002) | (0.0003) | (0.0002)
-5 D, e (L § Adjusted R’ 0.01 0.05 0.03 0.05 0.05
° - =) — 3
é 36.5- = Modeled temperature, Age 30 years, weight 70 kg and height 170 cm
2 UAVCW NHANES STRIDE
E 1860-1940 1971-1975 2007-2017
é‘ 36.0- Black Men 37.01 36.85 36.62
2 30 40 50 60 70 8030 40 50 60 70 80 ‘370:7"33’0” ‘3"";::;'“’ ‘36'2:22“’”
0 ! £
AQe, yhars i (37.03-37.04) (36.80-36.86) (36.68-36.68)
_ v . 3687 36.72
Time period of the measuremement = 1860-1940 =~ 1971-1975 = 2007-2017 Black Women NA (36.82.36.92) (367136.72)
, 36.86 3677
s A (36.83-36.89) (36.77-36.77)

(A) Unadjusted data (local regression) for temperature measurements, showing a decrease in temperature across age in white men, black men, white
women, and black women, in the three cohorts. (B) Coefficients and standard errors from multivariate linear regression models for each cohort
including age, weight, height, ethnicity group and time of day as available. Yellow cells are statistically significant at a p value of < 0.01, orange cells
are of borderline significance (p<0.1 but>0.05), and remaining uncolored cells are not statistically significant. (C) Expected body temperature for 30
year old men and women with weight 70 kg and height 170 cm in each time period/cohort.
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Figure 3. Modeled body temperature over time in three
cohorts by birth year (black and white ethnicity groups).
A White Black

B Coefficient (Standard error)
White Black
Men Women Men Women
Intercept 37.60 37.65 37.46 38.04
(0.020) (0.030) (0.039) (0.068)
Age (yrs) -0.0060 -0.0066 -0.0054 -0.0086
(0.0001) (0.0001) (0.0001) (0.0003)
. 0.001 0.0008 0.0004 0.0004
Weight (kg) (0.0001) | (0.0001) | (0.0001) | (0.0001)
Height (em) -0.0015 -0.0012 -0.0007 -0.0019
Mo B (0.0001) | (0.0001) | (0.0002) | (0.0003)
Birth year -0.0030 -0.0029 -0.0032 -0.0040
Women [l (0.0001) | (0.0001) | (0.0001) | (0.0002)
Adjusted R’ 0.19 0.03 0.27 0.05
TH'llil ’.4'5' 1‘0‘Illll 1?:? U ;’lil(l. ’1"‘.‘\2(_' 'v",‘:;(' "-;UL 1".%. A;ai'l:

Year of birth

(A) Body temperature decreases by birth year in white and black men and women. No data for women were available for
the birth years from 1800 to 1890. (B) Coefficients (and standard errors) used for the graph from multivariate linear
regression including age, body weight, height and birth year. All cells are significant at greater than 99% significance level.
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