411
Change in Human Body Temperature Over Time: Defining a New Normal
Myroslava Protsiv, Catherine Ley and Julie Parsonnet
Division of Infectious Diseases and Geographic Medicine, Stanford School of Medicine, Stanford, CA 94305
Results

Introduction

• The “normal” human body temperature
of 37ºC (98.6ºF) was established in
th
mid-19 century in Germany by
Wunderlich.
• Studies suggest that normal body
temperature today is lower.
• We sought to establish whether body
temperature has changed over time.

Figure 1: Body temperature within
cohorts by age and sex (smoothed data)

Figure 2: Body temperature in UAVCW by
age and birth cohort, 1820s-1850s

Figure 3: Modeled body temperature by birth
year for men and women using data from the
three cohorts, 1810-2000

Methods

We compared temperature in three
cohorts:
• Union Army Veterans of the Civil War
1860-1940 (UAVCW, 50,873
measurements; men only)
• National Health and Nutrition
Examination Survey 1971-1975
(NHANES, 15,124 measurements)
• Stanford Translational Research
Integrated Database Environment 20072017 (STRIDE; 410,631 measurements)
We used multivariate linear regression to:
1. Model temperature within cohorts
controlling for BMI, age, sex, race,
time of day and birth year.
2. Assess changes in temperature over
200 years by birth cohort.

Temperature decreased with age and
increased with BMI in all cohorts (both
p<0.001).
Expected mean temperature at age 30
years with BMI of 25 based on
regression models *
Men

Women

1860-1940

37.02ºC

(NA)

1971-1975

36.87ºC

36.90ºC

2007-2017

36.65ºC**

36.75ºC**

Within the UAVCW cohort we could observe
a consistently decreasing temperature for
each birth decade.
Expected mean temperature in men at age
30 years with BMI of 25 in UAVCW ***
Cohort
ºC

1810 1820 1830
37.10 37.08 37.06

1840
37.04

1850
36.98

To assess changes in temperature over the
200 birth year span, we modeled expected
temperature using a second-order polynomial
for birth year controlling for age and BMI
and race.

* Model for men: 37.0134 – 0.0027 (AGE) + 0.0034 (BMI) – 0.1471 (period 1971-1975) – 0.3621 (period 2007-2017)
(R2=0.24). Model for women: 36.9494 – 0.0033 (AGE) + 0.0021 (BMI) – 0.1588 (period 2007-2017) (R2=0.05).
** Temperature increased by time of day (p<0.001) in STRIDE cohort; time of day unavailable in other cohorts.
*** Model: 37.2123 – 0.004 (AGE) + 0.0008 (BMI) – 0.0205 (birth cohort1810s) (R2=0.016).

Using data from three cohorts in men from years
1800 to 2000, and from two in women from
1950 to 2000, we observed a steady decrease in
body temperature by birth decade for both men
(0.03 ºC) and women (0.02 ºC).
Conclusion

We identified a monotonic decrease in body
temperature of 0.03ºC per decade over the last
200 years with modern normal temperature 0.6
th
ºC lower than that of the mid-19 century.
The reasons for this decline are unknown but
the change correlates with declines in acute and
chronic infection and increases in body weight
and longevity.
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