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ABSTRACT
Background: Variation in baseline ear temperature, taken in the unadjusted mode, has yet to be established in different age
groups. Because normal body temperatures show large variations, the same may be expected for increased temperatures in
fever. The aims were to study variations in normothermic body temperatures measured with an ear thermometer and to
determine differences between actual and perceived body temperature during a febrile episode (referred to as difftemp) in
apparently healthy children and adults.

Methods: Ear temperature was measured once in 2,006 individuals (61.7% females): 683 children aged 2 and 4 years, 492
adolescents aged 10-18 years, 685 adults aged 19-65 years and 146 elderly aged 66-89 years. Difftemp was estimated as
the difference between the individual’s ear body temperature, measured in the present study, and the respondent’s reported
temperature when feverish.

Results: Mean ear temperature was 36.4 � 0.61C overall and in the child and adult groups. In adolescents, it was 36.5 �
0.51C, and in elderly, 36.1 � 0.51C. Temperature in men was 36.3 � 0.61C, and in women, 36.5 � 0.51C. Difftemp was 1.1
� 0.71C in adolescents, 1.5 � 0.71C in children and adults, and 1.6 � 0.71C in those 465 years.

Conclusions: Ear body temperature is lower than traditionally reported and differs with age and sex. An individual difftemp of
1.0-1.51C along with malaise might indicate fever.

Key Indexing Terms: Ear body temperature; Healthy individuals; Children; Adults; Elderly; Difftemp; Fever. [Am J Med Sci
2017;354(4):370–378.]
INTRODUCTION

ody temperature remains an important sign of health
and disease in everyday life and in medical care. For
example, fever is the main complaint in approx-

imately 30% of patients attending pediatric care.1-4 In the
frail elderly, fever may help to verify an ongoing infection
when there are no other specific signs and symptoms.5,6

Normal body temperature was defined as 371C, and fever
as 38.01C, by Wunderlish7 in the middle of the 19th
century, when physiological mechanisms such as body
temperature regulation, hormonal effects, cellular metabo-
lism, physical activity, immunology, the inflammatory
response and microbiology were still undiscovered and
the calibration of thermometers was not yet accurate. In
addition, measurements were performed on patients who
were ill, which suggests that a large number may have
been febrile. Finally, axillary measurements were used,
which give only an estimate of peripheral temperature,8

and the measurements were performed in a nonstandar-
dized way. Today, normal body temperature is generally
accepted as more a range of variation than a fixed value9

and depends on circadian rhythm,10 sex,11-13 physical
activity,14 and age.15 In general, children are considered
to have a higher body temperature than adults because
they are growing and have a faster metabolism,9 while
age-related factors and impaired thermoregulation16-20

might result in elderly people having a lower body temper-
ature.21-23

The infrared ear thermometer (IRET) is an alternative
to other noninvasive methods to measure body
temperature. As the probe of the IRET is placed approx-
imately 1.5 cm away from the tympanic membrane, the
reading is a mix of heat from the tympanic membrane
and the aural canal.24 The accuracy with which the
sensing probe senses the infrared radiation emitted by
the eardrum directly corresponds with the overall accu-
racy, repeatability and usability of the tympanic ther-
mometer. The sensing probe must be sensitive to the
infrared energy emitted by an eardrum while providing a
high degree of accuracy, repeatability and thermal noise
immunity. Hence, the measurement accuracy is depend-
ent on the correct positioning of the probe such that the
sensor is directed toward the membrane and placed in a
way that no air leaks in from the environment. Note-
worthy is that the other noninvasive sites, such as the
rectal, oral and axillary, show limitations in measurement
accuracy owing to placement of the thermometer.9 The
influence of cerumen,25-28 and of otitis media25,29 is
inconsistent. Owing to observed differences between left
and right ear and poor repeatability,30,31 some advocate
duplicate or triplicate ear temperature measurements
and the use of ear tug technic,12,32-34 whereas we and
others report that 1 measurement and not using ear tug
is sufficient.13,35 IRET can be set to measure body
temperature without adjustment (ear or equal mode) or
adjusted with reference to another site (e.g., oral, rectal
or pulmonary arterial).36 However, Ring et al37 empha-
sized the existence of not 1, but several, core body
temperatures dependent on temperature gradients
within the body. Hence, no factor exists to allow the
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accurate use of temperatures recorded at 1 site to
estimate the temperature at another.38 In clinical
practice, though, this mistaken association between
temperatures at different sites remains widespread,
causing a great deal of uncertainty in assessing body
temperature39 especially when using the ear site. Cham-
berlain et al12 reported right ear temperatures, measured
in the ear or equal mode, of 36.78 � 0.471C in children
aged 3 days to 10 years compared with 36.51 � 0.461C
in people aged 11 years and older. They found that age
was the strongest predictor of temperature, followed by
sex. Earlier studies reported a mean ear temperature of
36.6 � 0.61C in healthy men and women, with a higher
temperature in fertile women than in men and meno-
pausal women,13 a mean temperature of 36.9 � 0.61C in
nursing home residents and a lower mean ear temper-
ature (r36.21C) more common in individuals with
impaired physical and cognitive function.23 A previous
systematic review concluded that studies in random
samples are needed to confirm the effect of sex and
age on the range of normal body temperature.40 This
suggests a need to establish the variation in baseline ear
temperature, taken in the equal or unadjusted mode, for
different age groups. However, if the random sample is
to reflect everyday life in an apparently healthy popula-
tion as truly as possible, other individual “errors” that
also might affect body temperature have to be consid-
ered.9,13 We assume that the presence of chronic
disease (such as diabetes, asthma, allergy, etc.), intake
of drugs, sore throat, vomiting or diarrhea, runny nose,
cough, allergy and recent vaccination might be such
“errors,” indicating “something is going on,” but not the
same as malaise and therefore not a reason to see a
doctor. In addition, physical activity and intake of para-
cetamol (acetaminophen or APAP) on the same morning
before measurement may affect body temperature.
Because normal body temperature shows large varia-
tions, it is also reasonable that the same should hold true
for increased temperature in fever.39,41 Considering how
much knowledge and data we now possess, and our
obligation to base clinical decisions on evidence-based
and reflected knowledge,42 it is appropriate to recon-
sider the definition of fever. In an attempt to address
this, based on finding that the 99th percentile was
37.91C for children younger than 11 years and 37.61C
for people 11 years or older, Chamberlain et al12

suggested ear temperatures above these as appropriate
age-related cutoffs for fever screening. Darowski et al21

suggested 37.21C for those 470 years old. However,
instead of a fixed cutoff value, another method to define
fever is the increase in temperature from the individual
baseline, referred to as difftemp. How great this increase
might be requires further study. As a first attempt
to define difftemp, we asked people what temperature
they assessed as fever and compared that with the
body temperatures recorded in this present study. The
aims were to study variations in normothermic body
temperatures measured with an ear thermometer and to
Copyright © 2017 The Authors. Published by Elsevier Inc. on behalf of Southe
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-n
www.amjmedsci.com � www.ssciweb.org
determine differences between actual and perceived
body temperature during a febrile episode (referred to
as difftemp) in apparently healthy children and adults.
METHODS
The study was a multicenter, cross-sectional survey

with data collected in southeast Sweden from 2013-2014.
The study follows the Helsinki Declaration43 and

was approved by the regional ethics committee at the
Linköping University (2011-08-10, No. 0117263-31).
Individuals who participated in the study were informed
that they could terminate participation at any time with-
out giving reasons. Privacy was protected by coding so
no data could be traced to a single individual. The
respondents gave written informed consent, stating that
their participation was voluntary. The safety of the
research process for patients undergoing elective sur-
gery was certified by the chief physicians at the ortho-
pedic clinic. The safety of the research process in the
public child healthcare centers (CHCs) and in school
healthcare (SHC) was assured by the County Council’s
School Health Physician.
Participants
The convenience sample was recruited through

CHCs and SHC nurses. In total, 16 CHCs and 22 SHC
centers were invited. Of these, 30 agreed to join the
study (12 CHC and 18 SHC). Elective orthopedic hip and
knee surgery patients from 1 county hospital were also
recruited. The management of participating CHCs, SHC
nurses, and the orthopedic surgery center approved the
study.
Data Collection
Inclusion of participants and ear body temperature

measurements were conducted from August 2013-June
2014. In all subgroups, individuals who had difficulty
communicating in or reading Swedish or both were
excluded. Background data were gathered through a
written, coded questionnaire about the presence of
disease (heart disease, asthma, diabetes type II and
inflammation of the muscles and joints); regular intake of
drugs related to disease; fever, sore throat, vomiting or
diarrhea, runny nose, cough and allergy in the last
3 days; vaccination in the last 7 days; and intake of
medication and exercise such as jogging, cycling, or
gymnastics on the same morning before measurement.
Adolescents and adults were asked about the presence
of chronic obstructive pulmonary disease, chronic pain
and thyroid disease, and women were asked about their
menstruation and intake of contraceptives and hor-
mones. All participants were also asked about their
personal definition of the increased temperature, in 1C,
that indicates fever and their preferred site for measuring
body temperature.
rn Society for Clinical Investigation This is an open access article
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Children Aged 2 and 4 Years
CHC nurses measured body temperature in con-

junction with regular checks on 2½- and 4-year-old
controls. Parents invited to the CHC control received
written information about the study. If they agreed to
participate, they answered a questionnaire about their
own and their child’s health and body temperature
assessed as fever and brought the document to the
CHC visit. The CHC nurse then measured temperature in
the right and left ear once each on both the child and the
parent.

Adolescents Aged 10-18 Years
Students in grades 4, 7 and 10 along with their

parents, were asked in writing to participate in the study
by SHC nurses. Informed consent and the completed
questionnaires about the student’s health and body
temperature assessed as fever, answered by parents
or students, were submitted to the SHC nurse. The SHC
nurse then participated in a morning lesson in each
participating class and measured the students’ temper-
atures once in each ear.

Adults Aged 19-65 Years and Elderly Aged 66-89
Years

Except for parents of children 2 and 4 years old in
the CHC control group, adults over 18 years undergoing
elective surgery of the hip or knee at the orthopedic
clinic at a county hospital were invited the evening
before surgery to participate in the study. Those who
accepted answered the questionnaire, provided by a
registered nurse (RN), about their health and the body
temperature they assessed as fever. The next morning,
before transfer to the operation theater, their temper-
ature was measured once each in both ears by an RN or
a nursing assistant. A total of 197 individuals were
recruited from the orthopedic clinic.

Ear body temperature was measured before lunch
(6:00 AM-12:00 PM) in 1,631 participants (81.3%) and after
lunch (2:00 PM-4:00 PM) in 376 (18.7%). This wide interval
was aimed to accommodate appointments at the CHC
for 29% of children and their parents. In adolescents and
elderly adults, all temperatures were taken from 6:00 AM-
9:00 AM. Body temperature was measured with Genius 2
(Covidien/Medtronic, Boston, MA) set in the ear mode
(i.e., not adjusted to another reference site). The meas-
urements in CHC and SHC children were taken with
thermometers provided by the manufacturer (Covidien/
Medtronic, Boston, MA) and in the county hospital with
existing Genius 2 devices. The measured temperatures
were documented in the questionnaire, described earlier.
Thermometers in the CHCs and SHCs were calibrated
by the manufacturer and those in the orthopedic unit by
the medical engineering department at the county
hospital, according to standard procedure, using an
infrared blackbody (IR-3000, Thermoscan Inc.) before
the study. All thermometers reported temperatures
372
within 0.11C of the reference temperature at 37 and
401C according to the ISO standard.44 The CHC nurses
attended a lecture by the corresponding author with
practical information and training about measuring body
temperature with the Genius ear thermometer (Covidien/
Medtronic, Boston, MA). They and the SHC nurses all
received an instructional compact disc (Covidien/Med-
tronic, Boston, MA) for personal training before measure-
ments started. The ear was the routine site for measuring
body temperature at the county hospital where elective
hip or knee orthopedic patients were recruited.

Estimation of Difftemp
Difftemp was estimated as the difference, in 1C,

between an individual’s actual ear body temperature as
measured by healthcare staff and the respondent’s
experience of fever temperature when feeling ill.

Data Analysis
The results are presented using the descriptive

statistics mean and standard deviation (m � SD) and
99% CI. Student’s t test, analysis of variance (ANOVA)
with post hoc Fisher’s least significant difference (LSD),
and chi square were used to analyze temperature in
relation to background factors. Box-and-whisker plots
illustrate medians and 25th and 75th percentiles of
baseline body temperature and difftemp. Whiskers indi-
cate minimums and maximums and circles represent
values between 1.5 and 3� the interquartile range
(PASW Statistics 21 software, SPSS Inc., Chicago, IL).
Significance level was P o 0.05.

RESULTS
The study sample consisted of 2,006 people aged

2, 4 and 10-89 years; 1,244 females (61.9%); and
93% below 65 years. In the female group, 9.3%
had ceased menstruation, 13.3% had not yet started
and 8.0% were on hormone medication (estrogen or
contraceptives).

Chronic disease (other than asthma) and long-lasting
pain were more common in the adults and elderly
subgroups, and 1.7% reported daily intake of drugs that
lower temperature during fever [acetaminophen, APAP
(Figure 1)].

Up to 3 days before measurement, 412 individuals
(20.6%), mainly small children, experienced runny nose,
while fever, sore throat, vomiting or diarrhea, allergies
and vaccination in the 7 days before measurement were
less common. On the day of measurement, 260 (13%)
reported taking acetaminophen or APAP that morning,
with the highest rates in individuals aged 19 years or
older. Eighty-eight (4.4%) had performed physical activ-
ity (e.g., cycling, running and gymnastics) that morning
(Figure 2).

Still-menstruating women had a higher mean ear
temperature than postmenopausal women. Individuals
with reported chronic heart disease had a lower mean
THE AMERICAN JOURNAL OF THE MEDICAL SCIENCES
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FIGURE 1. Distribution of chronic conditions and daily intake of drugs that lower temperature during fever (acetaminophen, APAP), in 2,006
men and women aged 2-89 years.
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temperature than individuals with no heart disease.
The same tendency was seen in individuals reporting
COPD and intake of paracetamol or APAP. Individuals
reporting a sore throat (18 of whom had taken
paracetamol or APAP the same morning) had a mean
0.11C higher temperature than the rest of the sample
(Table 1). To consolidate the credibility of data,
statistical analysis was performed with and without
individuals experiencing fever, vomiting or diarrhea,
cold or runny nose, or allergies, or all of these, in the
3 days before measurement or exercise the same
morning as reported by the respondents. As no differ-
ences were found we present data with all individuals
included.
FIGURE 2. Distribution of factors that might affect body temperature in 2,0
adults 5, elderly 11.

Copyright © 2017 The Authors. Published by Elsevier Inc. on behalf of Southe
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-n
www.amjmedsci.com � www.ssciweb.org
Mean ear temperature was 36.4 � 0.61C in both ears
(range: 34.1-38.11C in the right ear, and 34.2-38.31C in
the left ear). Mean temperature in adolescents and
elderly differed significantly from that of the other age
groups (P o 0.001). Mean ear temperature for both ears
was lower in men than in women (36.3 � 0.61C versus
36.5 � 0.51C, P o 0.001). The difference between sexes
was present in all age groups except for the elderly
(Table 2). The 99% CI was 36.3-36.51C for children and
adults, 36.4-36.61C for adolescents and 36.0-36.31C for
the elderly. Figure 3 illustrates that the median ear body
temperature was the same in all age groups, and that
only 28 out of 2,006 individuals showed temperatures
outside the whiskers range (20 below and 8 above)
06 men and women aged 2-89 years. Missing data; adolescents 25,

rn Society for Clinical Investigation This is an open access article
d/4.0/).

373

http://www.pharmacyteaching.com


TABLE 1. Ear body temperature by characteristics in individuals aged 2, 4 and 10-89 years.

Condition n

Temperature (1C)

Right ear Left ear

Menstruation Not yet menstruating 167 36.6 � 0.4 36.5 � 0.5
Menstruating 615 36.5 � 0.6* 36.5 � 0.5**

Postmenopausal 116 36.2 � 0.5 36.2 � 0.6
Hormonesa Yes 99 36.5 � 0.6 36.6 � 0.4***

No 1,903 36.6 � 0.4 36.6 � 0.4
Chronic heart disease Yes 46 36.2 � 0.6* 36.2 � 0.5**

No 1,943 36.4 � 0.6 36.2 � 0.6
COPDb Yes 6 36.2 � 0.3 36.2 � 0.2**

No 1,962 36.4 � 0.6 36.4 � 0.6
Asthma Yes 153 36.4 � 0.6 36.4 � 0.5

No 1,837 36.4 � 0.6 36.4 � 0.6
Diabetes Yes 35 36.2 � 0.6 36.2 � 0.7

No 1,954 36.4 � 0.6 36.4 � 0.6
Hypothyroid or hyperthyroid Yes 27 36.1 � 0.7 36.2 � 0.6

No 1,940 36.4 � 0.6 36.4 � 0.6
Inflammation in joints, muscles Yes 46 36.3 � 0.6 6.2 � 0.6

No 1,938 36.4 � 0.6 36.4 � 0.6
Long-lasting pain in joints, muscles Yes 43 36.3 � 0.5 36.4 � 0.6

No 1,915 36.4 � 0.6 36.4 � 0.6
Drugs lowering temperature dailyc Yes 33 36.2 � 0.5** 36.1 � 0.5***

No 1,963 36.4 � 0.6 36.4 � 0.6
Drugs lowering temperature todayc Yes 260 36.3 � 0.5** 36.3 � 0.6**

No 1,750 36.4 � 0.6 36.4 � 0.6
Last 3 days
Fever Yes 39 36.4 � 0.6 36.4 � 0.6

No 1,946 36.4 � 0.6 36.4 � 0.7
Sore throat Yes 146 36.5 � 0.5* 36.5 � 0.6***

No 1,839 36.4 � 0.6 36.4 � 0.6
Runny nose Yes 412 36.4 � 0.6 36.4 � 0.6

No 1,572 36.4 � 0.6 36.4 � 0.5
Vomiting/diarrhea Yes 27 36.4 � 0.5 36.4 � 0.6

No 1,952 36.4 � 0.6 36.4 � 0.6
Allergy Yes 99 36.4 � 0.6 36.5 � 0.6

No 1,885 36.4 � 0.6 36.4 � 0.6
Vaccination within 7 days Yes 16 36.2 � 0.5 36.5 � 0.4

No 1,970 36.4 � 0.6 36.4 � 0.6
Exercise day ofd Yes 88 36.5 � 0.6 36.5 � 0.6

No 1,865 36.4 � 0.6 36.4 � 0.7

a Estrogen, contraceptives.
b Chronic obstructive lung disease.
c Paracetamol, acetaminophen/APAP.
d e.g., running, cycling, and gymnastics.
* P o 0.001.
** Po 0.05.
*** P o 0.01.

Sund Levander and Grodzinsky
(Figure 3). In individuals visiting the CHC from 2:00 PM-
4:00 PM (201 children and 175 parents), mean body
temperature was 0.3-0.41C higher than in those measured
before 12:00 PM (482 children and 510 parents), Po 0.001.

The declared threshold assessed as fever temper-
ature was 37.8 � 0.41C for children, adults and the
elderly, and 37.6 � 0.51C in adolescents. For the total
sample, mean difftemp was 1.4 � 0.71C, irrespective of
374
right or left ear site. Difftemp was estimated as higher in
men than in women, P o 0.001. Divided into age
groups, the estimated mean difftemp of adolescents
was significantly lower than that of children, adults and
the elderly, P o 0.001 (Table 3). The respondents
declared the ear site as the most common choice for
measuring body temperature (30.2%), followed by rectal
or oral sites (25.9% and 21.6%, respectively), the axillary
THE AMERICAN JOURNAL OF THE MEDICAL SCIENCES
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TABLE 2. Difference in ear body temperature, divided by age and sex in 762 men and 1,244 women. Statistical test with ANOVA and post hoc test
least significant difference.

Age in
years n (%)

Temperature right ear (1C) m � SD Temperature left ear (1C) m � SD

Men Women
Men and
women Men Women

Men and
women

2 and 4 683 (34.0) 36.3 � 0.6a,b 36.4 � 0.5a,* 36.4 � 0.6b 36.3 � 0.6a 36.5 � 0.6a,** 36.4 � 0.6c

10-18 492 (24.5) 36.3 � 0.5a 36.6 � 0.5a,** 36.5 � 0.5c,** 36.4 � 0.5a 36.5 � 0.6a,** b36.5 � 0.5**

19-65 685 (34.1) 36.2 � 0.6a 36.4 � 0.5a,** 36.4 � 0.6b 36.2 � 0.6a 36.5 � 0.6a,** 36.4 1C � 0.6c

66-89 146 (7.3) 36.2 � 0.4a 36.1 � 0.6a 36.1 � 0.5c,** 36.1 � 0.4a 36.1 � 0.6a 36.0 � 0.6c,**

a Comparison between men and woman within each age group.
b 1 missing.
c Comparison of men and women together between age groups.
* P o 0.01.
** P o 0.001

SD, standard deviation.

Variation in Normal Ear Temperature
site (7.6%) and the forehead (0.7%); 7.1% used different
sites for measurement, and 1.1% claimed they never
measure body temperature.

DISCUSSION
This study addressed clinical accuracy in the assess-

ment of variations of body temperature between individu-
als, using ear temperature with no adjustments to another
reference site, and a new approach to assess the individ-
ual’s own expression of temperature regarded as fever if
accompanied by malaise (difftemp). It is reasonable to
believe that individuals are fully aware of their temperature
assessed as fever, especially as this is one of the first
questions they are asked when seeking healthcare.

This was also the largest study, other than that of
Chamberlain et al,12 that measures ear temperature not
adjusted to another reference site in apparently healthy
subjects. Chamberlain et al reported ear temperature in
FIGURE 3. Distribution of baseline right and left ear body tempera-
ture in 2,006 men and women, divided into age groups. Dotted lines
indicate traditional definition of normal body temperature. Subdivi-
sion of the box illustrates median and the 25th and 75th percentiles,
whiskers indicate the range and circles represent values between
1.5 and 3 times the interquartile range.

Copyright © 2017 The Authors. Published by Elsevier Inc. on behalf of Southe
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-n
www.amjmedsci.com � www.ssciweb.org
the unadjusted mode in 2,447 individuals drawn from
emergency departments, newborn nurseries and geriat-
ric inpatient and outpatient facilities, excluding individu-
als who had taken medication affecting normal body
temperature within the preceding 24 hours, had fever or
illness commonly associated with fever within 48 hours
(i.e., sore throat, generalized rash, vomiting or diarrhea,
cough, congestion or runny nose) or had been immu-
nized in the previous 7 days. However, despite these
exclusion criteria, there may have been a risk of proc-
esses affecting body temperature in that study as all
participants except newborns had sought medical care
for some reason. In the present study, we included
approximately 20%, mainly small children, that had
symptoms of a cold, etc. the last 3 days and approx-
imately 15%, mainly elderly, reporting chronic disease or
conditions indicating ongoing inflammatory processes.
However, these different conditions had not caused any
contact with healthcare and did not affect body temper-
ature, which was confirmed in our statistical analysis.
Hence, we can assume that individuals included in the
present study represent everyday life in an apparently
healthy population.
TABLE 3. Difftemp, defined as the difference between temperatures
considered by the individual to be increased temperature in fever minus
measured temperature, by age and sex in 1,706 men and women.

n

Diffemp (1C) mean � SD

Right ear Left ear

Age in years
2 and 4 571 1.5 � 0.7 1.5 � 0.7
10-18 438 1.1 � 0.7* 1.1 � 0.7*

19-65 573 1.5 � 0.7 1.4 � 0.7
66-89 124 1.6 � 0.7 1.7 � 0.7

Sex
Male 640 1.5 � 0.7*** 1.5 � 0.7***

Female 1,066 1.3 � 0.7 1.3 � 0.7

* P o 0.001, indicating differences between age groups and between
men and women.

rn Society for Clinical Investigation This is an open access article
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The variation in ear temperature was greater in our
study than that reported in a systematic review,40 although
that review reported a lack of standardized measure-
ments. A difference in temperature between the left and
right ear in the same individual has also been
reported,33,36,45-49 indicating the effect of operator per-
formance.31 A narrow ear cavity may complicate the
insertion of the probe correctly.50 The present results,
though, show no difference in mean temperatures and a
negligible intraindividual variation between ear sites, which
indicate acceptable intervariation between operators.

Similar to others’,12,21,22 our results clearly establish
that the traditional definition of normal body temperature
as 371C should not be applied when the ear site is used.
Not surprisingly, the results confirm that sex11-13,51 and
age15,51 have an impact on body temperature. The
differences in temperature found between sexes due to
female hormones (i.e., the increase in temperature after
ovulation and during pregnancy) are confirmed by earlier
studies.12,52,53 An earlier study reported higher rectal,
oral and axillary body temperatures in still-menstruating
women than in men, but (contradicting the present
study) no difference in ear temperature,13 which may
be due to a small sample. In that study, a higher mean
temperature in still-menstruating women than in meno-
pausal or postmenopausal women was also found,13

which was confirmed in the present results. It is obvious
that hormones influence body temperature in children
over 10 years of age as demonstrated by the signifi-
cantly increased body temperature of adolescents.
However, the difference found between sexes in all the
included age groups except the elderly aged was
unexpected. Also, in contrast to Chamberlain et al12

and general opinion, our results show that small chil-
dren, 2 and 4 years old, do not have a higher body
temperature than adults, despite a suggested higher
metabolic rate related to growing. The present results
indicate differences between subgroups. In an earlier
study, we have also shown individual differences within
subgroups.13 Therefore, we argue that body temperature
should be based on individual body temperature instead
of traditional definition based on a cutoff value. With the
exception of rectal site temperature,22,23 other studies
have also shown lower body temperatures in people
over 65 years than in younger ages because of age-
related factors16-20 and secondary to impairment and
disease.40 It is striking that so many reported taking
acetaminophen the same morning as the temperature
measurement. This can partly be explained by the
routine preoperative administration of acetaminophen
1 g to patients undergoing elective knee surgery, but it
is unknown why the remaining participants, especially
the 25 children and 50 adolescents, probably without
prescription, took acetaminophen. The lower temper-
ature in individuals with reported chronic heart disease
and daily medication with acetaminophen in the present
study is probably more related to increased age than to
the condition or medication, though the number of
376
individuals in this subset is too small to justify any
statistical interpretations. It would be expected that what
individuals consider as temperature in fever is affected
by the traditional value that is accepted as indicating a
fever (381C or more). Though, in line with previously
suggested cutoff temperatures for fever,12,21,54-57 the
present results also verify that peoples’ declared per-
ception of increased temperature in fever is lower than
traditionally stated. A lower threshold for temperature
assessed as fever, as suggested by Chamberlain et al12

and Radomski et al,55 might seem convenient at first, but
it can cause the same confusion as the traditional 381C
because of interindividual and intraindividual varia-
tions.13,38,39,58 The possible increase in normal body
temperature due to activated proinflammatory cytokines
in chronic heart disease, diabetes and other permanent
inflammatory conditions such as rheumatoid arthritis,
inflammatory bowel disease, multiple sclerosis, epilepsy,
Parkinson’s disease and Alzheimer’s disease59 on nor-
mal body temperature need to be further studied. If
“normal” body temperature is constantly elevated due to
proinflammatory cytokines, the question arises as to
whether a smaller increase from normal than that
suggested in the present results constitutes temperature
assessed as fever. Setting an age limit of 11 years for
assessing fever in children using a different temperature
threshold, according to Chamberlain et al,12 does not
take into account variability owing to differences in the
individual influences of hormones in adolescents.

We believe that individuals themselves (and for their
children) can express increased temperature in fever
related to feelings of malaise very well, which is funda-
mental when assuming a process including fever. Using
the difftemp would enhance the individual’s own per-
ception of feverish temperature and would account for
both higher and lower normal body temperatures if the
same site of measurement is used. Difftemp is especially
useful in assessing suspected infections in frail elderly
individuals with lower baseline temperatures, a well-
known clinical problem.60-62 Based on the present
results, it is reasonable to propose further clinical studies
to explore whether a difftemp of approximately
1.0-1.5 1C accompanied by malaise could be considered
to indicate increased temperature defined as fever.
Limitations
A limitation of the present study is that no examina-

tion was performed for otitis media or cerumen, which
might affect ear temperature.25,29 In this sample, though,
it is reasonable to assume that the presence of otitis was
negligible, and there was no difference between sites,
suggesting no wax. Chronic conditions were only con-
firmed by probable medical examination for the ortho-
pedic patients, while the remaining subjects reported for
themselves (and their young children in the study). It is
reasonable to assume that parents are aware of their
own and their children’s chronic medical conditions, so
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the sample can be considered representative of an
apparently healthy population, which also can be seen
as strength of this study. Another limitation is that the
estimation of difftemp is based on standardized meas-
urements of ear temperatures in the present study and
statements, based on measurements performed by
individuals under conditions we do not have control
over. However, healthcare does not have control over
these conditions today either.

CONCLUSION
A normal body temperature of 371C should not be

assumed when the ear site is used. Instead of current
cutoff values assessed as fever, we propose that an
increase of 1.0-1.51C from the individual’s normal body
temperature together with malaise, is indicative of
increased temperature defined as fever.
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