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Diurnal variations of fever in children: results
from an app-based observational study
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Abstract

Background Fever is a frequent concern in early childhood. However, its management remains inconsistent,
driven in part by persistent “fever phobia”and heterogeneous advice. Although body temperature follows a well-
established circadian rhythm, the diurnal expression of fever in young children is insufficiently described. We aimed
to characterise 24-hour patterns of febrile temperatures in children aged 0-7 years using real-world data from a
participatory mobile health registry (FeverApp), with specific attention to age and antipyretic use.

Methods We analysed 28,620 fever episodes recorded in the FeverApp registry between September 2019 and
September 2023, comprising 12,454 children (median age 14 months) and 122,890 time-stamped temperature
measurements. Mean hourly temperatures were calculated by pooling all eligible entries within hourly bins and were
stratified descriptively by age group and recorded antipyretic use, without consideration of dependency. Between-
group differences were summarised descriptively using mean differences.

Results Mean temperature demonstrated a clear diurnal pattern, reaching a nadir at 06:00 (38.25 °C) and a late-
evening peak at 23:00 (38.93 °C), corresponding to an observed trough-to-peak difference of 0.68 °C. Infants (<12
months) showed lower entry-level mean temperatures than older children (1-7 years), with differences smallest
around the morning trough and more pronounced later in the day. Recordings close to documented antipyretic
administration had higher mean temperatures throughout the day, consistent with confounding by indication, while
the overall diurnal pattern remained preserved. High-fever measurements (> 39 °C) were least frequent in the early
morning (05:00-08:59) and most frequent during late evening/night (21:00-00:59).

Conclusions Fever in young children should be interpreted as a dynamic 24-hour pattern rather than as a single
static temperature value. In this app-based observational cohort, recorded febrile temperatures followed a clear
aggregate time-of-day pattern, with lower values in the early morning and higher values later in the day. This
temporal context may help clinicians and caregivers interpret fever more realistically: a low morning value should not
be used as reassurance in isolation, while late-day increases may partly reflect expected circadian dynamics. Because
the analysis is descriptive and entry-level, these findings should not be interpreted as individual fever trajectories,
child-level risks, or inferential estimates.
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Trial registration The FeverApp registry is registered in the German Clinical Trials Register (DRKS), number
DRKS00016591, registered 07 February 2019 (https://drks.de/search/en/trial/ DRKS00016591), as a non-interventional

observational study protocol.
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Background

Fever remains among the most common reasons for con-
sultation in pediatric emergency departments [1] and
illustrates how caregiver behaviour is shaped by cultural
beliefs and cognitive biases, most notably the persistent
phenomenon of “fever phobia” [2]. Despite robust evi-
dence that most childhood fevers are self-limited and
benign, anxiety about elevated body temperature contin-
ues to drive premature or excessive interventions. Prac-
tices such as alternating antipyretics or administering
medication at the first sign of fever or with the sole aim
of lowering the temperature remain common, although
supportive evidence is limited [3]. This discrepancy
underscores the ongoing need for accessible, evidence-
based guidance that situates fever within physiological
norms and supports appropriate decision-making [4].

Chronobiology provides an important framework for
such contextualisation. In healthy individuals, core body
temperature follows a well-described circadian rhythm,
typically fluctuating by around 1 °C over 24 h [5, 6]. The
nadir usually occurs in the early morning (approximately
04:00-06:00), followed by a rise toward an afternoon or
early-evening peak [5, 6]. This rhythm is closely linked to
hormonal cycles (e.g., cortisol and melatonin) and central
thermoregulatory pathways [7]. In U.S. national triage
data, fever detection was substantially lower in the morn-
ing than later in the day, and high-grade fever (>39 °C)
was comparatively uncommon before 09:00 [8]. Although
atypical courses exist (e.g., persistent fever or irregular
trajectories), diurnal variation remains a common feature
in uncomplicated viral and bacterial illness [9].

Despite these established principles, diurnal patterns
of pediatric fever remain insufficiently characterised out-
side institutional settings. High-frequency, time-stamped
temperature data from the home environment have tra-
ditionally been scarce; app-based registries now enable
ecological capture of fever trajectories at scale [10, 11].
Applications such as FeverApp allow caregivers to docu-
ment temperature, symptoms, and medication use in real
time, generating ecologically valid datasets for chrono-
biological and clinical analyses [11]. Beyond function-
ing as a digital fever diary, FeverApp was designed as a
participatory research platform, enabling caregivers
to contribute structured real-world data while receiv-
ing guideline-based support for fever management [12].
This approach aligns with broader developments in pub-
lic health and digital citizen science, including efforts to

strengthen public trust and engagement in real-world
evidence generation [13].

From a medical informatics perspective, FeverApp
operationalises a scalable ecological momentary assess-
ment (EMA) registry model. Caregivers record struc-
tured, time-stamped entries on symptoms, temperature,
and medication use via smartphone, with synchroni-
sation to an academically governed database for sec-
ondary analyses. In contrast to many standalone fever
diary applications, the key innovation lies in combining
guideline-based decision support with the generation of
pseudonymised real-world data that can inform pediatric
and digital health research.

In the present study, we analyse FeverApp registry
data to describe temporal dynamics of fever in children
aged 0-7 years. Our primary objective is to character-
ise the aggregate 24-hour temperature pattern during
febrile episodes, with specific attention to age strata and
recorded antipyretic use. Rather than estimating indi-
vidual fever trajectories, we summarise how caregiver-
recorded temperature entries are distributed across
the day in a large real-world registry. We also explore
whether the expected lower morning and higher late-day
temperature pattern remains visible during febrile illness
and whether this aggregate pattern differs by age group
or recorded antipyretic exposure.

A more precise understanding of these patterns is
directly relevant for clinical practice. It supports a more
nuanced interpretation of fever measurements, particu-
larly early-morning readings, and can help families form
realistic expectations regarding daily fluctuations. More-
over, this study illustrates how citizen-engaged, app-
based data collection can generate clinically meaningful
insights into pediatric health phenomena that are diffi-
cult to capture through conventional clinical workflows.

Methods

Study design and data source

This study is a retrospective observational analysis based
on data from the FeverApp registry, an ongoing app-
based cohort designed to capture pediatric febrile epi-
sodes in real-world home settings. FeverApp is a freely
available smartphone application developed by pediatric
specialists and researchers and launched in Germany in
2019. The app serves two purposes: (i) providing care-
givers with evidence-based information and guidance
on fever management, and (ii) enabling structured, stan-
dardised documentation of febrile episodes for research.
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During the study period, FeverApp was available to fami-
lies throughout Germany; however, recruitment and
use were not population-based. Families accessed the
app through participating pediatric practices and study-
related dissemination channels, and the registry therefore
represents a Germany-based app-using cohort rather
than a representative sample of all children in Germany.

During a febrile episode, parents or legal guardians can
record the child’s body temperature, associated symp-
toms, administered antipyretics and other medications,
and relevant contextual information. All entries are
time-stamped and synchronised in pseudonymised form
to a central research database (the FeverApp registry),
allowing analyses of fever trajectories under naturalistic
conditions. For the present analysis, the temperature-
entry dataset (“loops”) was merged with the medication
dataset. An antipyretic-use indicator was derived from
medication entries and linked to the corresponding tem-
perature data to enable stratified analyses by recorded
antipyretic administration.

Participation is voluntary and requires informed digi-
tal consent obtained during the in-app registration pro-
cess. The study protocol, including procedures for data
protection, pseudonymisation, and ethical oversight,
was approved by the responsible institutional research
ethics board (see Declarations). The registry is regis-
tered in the German Clinical Trials Register (DRKS) as a
non-interventional observational cohort (DRKS0001659,
registered 07 February 2019, https://drks.de/search/en
/trial/ DRKS00016591). Data processing was conducted
in accordance with applicable data-protection regula-
tions, including the General Data Protection Regulation
(GDPR).

Participants and inclusion criteria

We analysed febrile events recorded in children aged 0-7
years in the FeverApp registry. For clarity, we distinguish
between a fever episode (the overall febrile event) and the
clinical stages of fever that may occur within an episode.
Operationally, a fever episode was defined as a sequence
of fever-related entries without a gap exceeding 48 h; a
pause of >48 h between entries was treated as the bound-
ary to a new episode.

Within a single fever episode, children may pass
through classic phases (rise, plateau/peak, and defer-
vescence). We did not classify recordings into these
phases of a single episode; instead, we analysed the time-
stamped temperature trajectory independent from any
stage. We included all fever episodes recorded between
September 2019 (registry launch) and September 2023
that contained at least one temperature measure-
ment >38.0 °C (100.4 °F). Episodes temporally associated
with routine vaccinations were retained.
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To improve measurement comparability and to reflect
age-specific recommendations applied in this study,
we restricted the dataset to rectal temperature mea-
surements in infants (<12 months) and tympanic mea-
surements in children aged 1-7 years. Measurements
obtained from other sites (e.g., axillary or oral) were
excluded. This approach is consistent with German guid-
ance, which commonly recommends rectal measurement
in infants and tympanic measurement in older children,
while oral measurement is generally reserved for ado-
lescents. As this study is based on a registry with pas-
sive ecological momentary assessment, active follow-up
of individual participants was not conducted and is not
applicable to this study design.

Data collection and variables

For each episode, FeverApp enabled structured, time-
stamped documentation of body temperature (recorded
to one decimal place), the time of measurement (local
time), and caregiver-reported antipyretic administration.
Beyond the numeric temperature value, the app allows
caregivers to record accompanying symptoms, general
condition and warning signs, illness duration, healthcare
contacts, and medication use. These contextual data were
not used to assign diagnoses in the present analysis.

The primary variables for this analysis were: (1) time of
day of the temperature recording, (2) age group (infants
(<12 months) and older children (1-7 years)) and (3)
antipyretic use. Antipyretic use was operationalised
based on medication entries recorded within +1 h of
the corresponding temperature measurement. Recorded
antipyretics predominantly comprised paracetamol and
ibuprofen. The exact dose, formulation, route of adminis-
tration, adherence, and pharmacodynamic timing beyond
the + 1-hour exposure window were not analysed.

FeverApp also allows documentation of broader clini-
cal context (e.g., symptoms, healthcare utilisation, and
illness duration). These elements have been reported
elsewhere [14] and were not the focus of the present
analysis. Physician-confirmed diagnoses, laboratory
or microbiological results, and sepsis criteria were not
available in the analysed dataset. Consequently, episodes
could not be differentiated into upper respiratory tract
infections, urinary tract infections, gastroenteritis, sep-
sis, or other aetiological categories. Pre-existing neuro-
logical conditions, hypothalamic dysfunction, structural
brain abnormalities, or other disorders potentially affect-
ing thermoregulation were likewise not systematically
captured. Such children could therefore not be analysed
separately or excluded with certainty.

Outcome measures and statistical analysis
The primary outcome was the diurnal (time-of-day) pat-
tern of body temperature during febrile episodes. To
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quantify and visualise this pattern, each temperature
recording was assigned to an hourly interval (00:00—
00:59, 01:00-01:59, ..., 23:00-23:59), and the entry-level
mean temperature was calculated for each hour across all
eligible recordings.

All analyses in the revised manuscript are descriptive
and entry-level. No weighting by child, fever episode, or
family was applied. Therefore, the displayed fever curves
represent the average temperature at each time point
across all eligible entries from all children, not the tra-
jectory of any individual child. Because some children
contributed only one entry whereas others contributed
multiple entries at the same time or across different days,
the measurements are not statistically independent.

To visualise the distribution underlying the hourly
mean curves, we additionally generated a binned density
heatmap of the entry-level temperature recordings (Sup-
plementary Figure S1). Temperature values, recorded to
one decimal place, were cross-tabulated by hour of day
and 0.1 °C temperature bins and displayed as relative fre-
quencies. This heatmap was used as a descriptive visuali-
sation only. It did not incorporate weighting or clustering
by child, fever episode, or family and was therefore not
used for inferential interpretation.

For prespecified secondary descriptions, separate
24-hour curves were generated for age group (infants <12
months vs. children aged 1-7 years) and recorded anti-
pyretic exposure (measurements with vs. without a
documented antipyretic within +1 h of the temperature
entry). Group differences were summarised as observed
entry-level mean differences. These comparisons are not
interpreted as independent-sample tests.

In addition to mean trajectories, we evaluated the time-
of-day distribution of clinically relevant fever thresholds.
Temperatures >39.0 °C were classified as high fever and
240.0 °C as very high fever. Frequencies and observed
proportions were summarised across six prespecified
4-hour intervals (01:00-04:59, 05:00-08:59, 09:00—
12:59, 13:00-16:59, 17:00—20:59, 21:00-00:59). Analyses
were conducted using IBM SPSS Statistics (version 28,
IBM Corp., Armonk, NY, USA). Missing data were not
imputed.

Bias and error considerations

As this observational analysis was based on caregiver-
entered data, several potential sources of bias and mea-
surement error were considered. The restriction to rectal
measurements in infants and tympanic measurements in
older children improves comparability within age strata,
but it also creates complete confounding of measurement
site with age group. Differences in thermometer type,
device calibration, and caregiver technique could not be
standardised.
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The timing of temperature recordings was caregiver-
driven and may therefore be affected by sampling bias.
Measurements are more likely to be taken when care-
givers anticipate rising fever, when the child is awake, or
when symptoms cause concern. Recording density was
lower during night-time and early-morning hours, which
may influence mean estimates at specific time points.

Antipyretic administration was self-reported and may
be incompletely captured. The absence of a medication
entry may indicate true non-use or missing documenta-
tion. Antipyretic exposure was defined by medication
records within +1 h of the corresponding temperature
measurement; dose, formulation, route, adherence, and
non-pharmacological interventions such as cooling
wraps were not analysed.

Results

Participant characteristics and dataset overview

A total of 122,890 temperature recordings from 28,620
distinct fever episodes in 12,454 children were included.
This corresponds to a mean of approximately 2.3 epi-
sodes per child, 4.3 temperature recordings per episode,
and 9.9 temperature recordings per child. These obser-
vation levels are reported to make the hierarchical and
heterogeneous data structure transparent; however, the
revised analyses do not treat repeated entries as indepen-
dent child-level observations. Participant characteristics
are summarised in Table 1. The cohort consisted pre-
dominantly of young children, with a median age of 14
months (IQR 0-30), a mean age of 21 months (SD 18),
and an age range of 0—84 months. Overall, 6,569 children
were male (52.7%) and 5,885 were female (47.3%).

Medication information, including no medication,
was available for 27,108 episodes. Among these, 3,949
episodes (14.6%) included a recorded antipyretic entry,
whereas 23,159 episodes (85.4%) had no antipyretic
documented; medication data were missing for 1,512
episodes. The median peak temperature per episode was
39.2°C (IQR 38.6-39.7 °C).

Before summarising hourly mean temperatures, the
entry-level distribution of recorded temperatures was
inspected using a binned density heatmap (Supplemen-
tary Figure S1). This descriptive visualisation showed that
most app-recorded measurements clustered between
approximately 38 °C and 40 °C across the 24-hour period,
with a visible shift toward higher temperature bins in
the late evening and night. The density of recordings at
or above 39 °C appeared lowest during the early morn-
ing and increased later in the day, consistent with the
descriptive threshold analysis. Because each entry con-
tributed equally, the heatmap illustrates the registry-level
distribution of recorded measurements and should not
be interpreted as an individual fever trajectory or as a
child-level risk estimate.
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Table 1 Sample characteristics of the FeverApp dataset (September 2019-September 2023)

Characteristics Value

Study Period September 2019 — September 2023
Total number of children 12,454

Age range 0to 7 years

Median age (IQR)

Sex distribution

Total number of fever episodes

Total number of temperature readings
Accepted measurement methods
Episodes with antipyretic use
Episodes without antipyretic use
Median peak temperature per episode
Children <12 months

14 months (IQR 0-30 months); mean 21 months (SD 18); range 0-84 months
5,885 female (47.3%) / 6,569 male (52.7%)

28,620

122,890

Rectal (< 12 months) and tympanic (1-7 years)

3,949 (14.6% of 27,108 episodes with medication data; 1,512 missing)

23,159 (85.4% of 27,108 episodes with medication data; 1,512 missing)

39.2 °C (IQR: 38.6-39.7 °C)

5,531 children (44.4%)

Baseline characteristics of the FeverApp cohort and registry dataset included in the present analysis. Values are reported as n (%), median (IQR), or mean (SD), as

appropriate
Abbreviations: IQR interquartile range, SD standard deviation

Diurnal pattern of fever in the overall sample

Febrile temperatures showed a distinct diurnal pattern
across the recorded entries. As illustrated in Fig. 1, entry-
level mean body temperature varied systematically over
the 24-hour cycle, with the lowest values occurring in
the early morning and a gradual increase toward a late-
evening maximum. Mean temperature reached its nadir
at 06:00 (38.25 °C) and peaked at 23:00 (38.93 °C), cor-
responding to an observed trough-to-peak difference of
0.68 °C. Detailed hourly descriptive statistics are pro-
vided in Table 2.

When compared with established physiological base-
lines, the overall shape of the pediatric fever curve
resembles the canonical circadian rhythm of core body
temperature in healthy individuals, albeit shifted upward
due to the febrile state [5, 6]. The trough-to-peak ampli-
tude in our dataset was 0.68 °C, broadly consistent
with the circadian range reported in normothermic
populations.

However, the timing of the maximum differed from
the canonical pattern. In healthy individuals, the acro-
phase typically occurs in the late afternoon or early eve-
ning (around 17:00-18:00), followed by a gradual decline
toward the nocturnal nadir [5, 6]. In contrast, febrile chil-
dren in our cohort continued to show rising mean tem-
peratures beyond this expected turning point, with peak
values occurring late in the evening (=23:00) before a
steady descent. This delayed acrophase suggests that, in
young children, febrile dynamics may extend the ther-
mogenic phase, potentially reflecting sustained inflam-
matory drive and/or age-related differences in circadian
entrainment. This phase shift is clinically and biologically
relevant. It may be influenced by developmental features
of thermoregulatory control and by behavioural factors
such as sleep timing and evening activity. Importantly,
these findings indicate that although the fever curve
is circadian in form, it is not merely a vertically shifted

version of the healthy rhythm; rather, it appears phase-
shifted and likely shaped by interactions between illness-
related immune activation and endogenous circadian
regulation.

Age-related differences in fever pattern

We next examined diurnal fever trajectories stratified by
age (Fig. 2). Figure 2 depicts entry-level mean 24-hour
temperature curves for infants (<12 months) and older
children (1-7 years). In both strata, the aggregate diurnal
organisation of the fever curve was maintained, with an
early-morning nadir and a late-evening peak.

Across most hours, infants exhibited lower entry-level
mean temperatures than older children. Differences were
smallest around the morning trough (e.g., 06:00: 38.22 °C
vs. 38.26 °C) and more pronounced at other times, with
a maximum hourly difference of approximately 0.37 °C.
Detailed hourly descriptive estimates for both age groups
are provided in Table 3. During the early morning hours
(approximately 04:00-06:00), the curves largely con-
verged. These age-stratified curves are descriptive sum-
maries of recorded entries and should not be interpreted
as evidence of an individual-level developmental effect.

These differences are likely multifactorial. Older chil-
dren may mount more pronounced febrile responses
in the context of evolving innate and adaptive immune
function during early life [15-17]. In contrast, flatter
profiles in infants may reflect distinct thermoregulatory
characteristics in early infancy together with greater
caregiver involvement in thermal support and earlier
supportive measures, including antipyretic use [14, 18,
19]. Caregiver beliefs and thresholds for measuring and
treating fever may further shape documentation behav-
iour, particularly in very young children [2, 20].

Despite differences in magnitude, the timing of the
diurnal rhythm was consistent across age strata. In both
groups, mean temperatures were lowest in the early
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Fig. 1 Diurnal fever curve in the overall sample. Entry-level mean body temperature by hour of day (local time) across all eligible temperature record-
ings. The line represents aggregate registry-level means; it should not be interpreted as an individual fever trajectory or as a cluster-corrected estimate

morning (around 06:00-07:00) and highest late in the
evening (around 23:00). Importantly, a lower febrile
response in infants should not be interpreted as lower
illness severity. Clinically, in very young infants, serious
bacterial infection can occur even with modest tempera-
ture elevations [21].

Effect of antipyretic medication on fever profile

We next analysed temperature recordings stratified by
documented antipyretic administration. Figure 3 displays
entry-level mean 24-hour temperature curves for mea-
surements with a recorded antipyretic entry within +1 h
of the temperature record, most commonly paracetamol
or ibuprofen, compared with measurements without a
recorded antipyretic. The comparison is descriptive and
should not be interpreted as estimating the pharmaco-
logical effect of antipyretics.

Across the 24-hour cycle, mean temperatures remained
consistently higher in the antipyretic stratum (Fig. 3).
For example, at 21:00 the mean temperature was
39.33 °C among entries with documented antipyretic use

compared with 38.55 °C among entries without recorded
antipyretics, corresponding to an observed mean dif-
ference of 0.78 °C. Differences of similar magnitude
(approximately 0.6—1.0 °C) were observed across most
hours (Table 4).

In addition, the operational definition of antipyretic
exposure (a medication entry within +1 h of the tem-
perature record) captures both pre- and post-dosing
windows. Consequently, elevated temperatures mea-
sured shortly before administration, or after waning of
effect, may be classified within the “antipyretic” stratum.
Accordingly, this comparison does not estimate a causal
antipyretic effect but reflects an observational grouping
within a naturalistic dataset. Importantly, the circadian
structure of fever was preserved in both strata. Despite
clear differences in overall temperature level, the no-
antipyretic stratum showed a diurnal pattern consistent
with the overall sample; the antipyretic stratum showed a
comparatively attenuated pattern.

Finally, user interaction patterns in FeverApp sug-
gest that antipyretics are most administered in the late
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Table 2 Hourly summary statistics of paediatric body temperature during febrile episodes (overall sample)

Time N (entries/hour) Mean temp (°C) Upper 95% CI Upper 95% CI - Mean Lower 95% ClI Mean - Lower 95% ClI
1:00 AM 1,302 38.82 38.87 0.05 3878 0.04
2:00 AM 1,159 38.83 38.88 0.05 38.78 0.05
3:00 AM 1,143 38.76 38.81 0.05 38.71 0.05
4:00 AM 2,283 3852 3856 0.04 3848 0.04
5:00 AM 4,953 3833 38.36 0.03 3831 0.02
6:00 AM 6,778 38.25 38.27 0.02 38.23 0.02
7:00 AM 7,070 3826 3828 0.02 3824 0.02
8:00 AM 6,304 38.28 38.31 0.03 38.26 0.02
9:00 AM 5619 3836 3839 0.03 3834 0.02
10:00 AM 5811 3842 3844 0.02 3840 0.02
11.00 AM 6,014 3846 3849 0.03 3844 0.02
12:00 PM 6,171 3855 3857 0.02 3853 0.02
1:00 PM 6,505 38.58 38.60 0.02 38.56 0.02
2:00 PM 6,584 38.63 38.66 0.03 3861 0.02
3:00 PM 6472 3867 38.69 0.02 38.65 0.02
4:00 PM 7,228 3867 38.69 0.02 38.65 0.02
5:00 PM 9,181 3861 38.63 0.02 3859 0.02
6:00 PM 9,404 3857 38.58 0.01 38.55 0.02
7:00 PM 7,491 3857 38.59 0.02 38.55 0.02
8:00 PM 5,744 38.64 38.66 0.02 3861 003
9:00 PM 4,004 38.73 38.76 0.03 38.69 0.04
10:00 PM 2431 3874 38.78 0.04 38.70 0.04
11:00 PM 1,732 3893 3897 0.04 38.88 0.05
12:00 AM 1,492 3892 38.97 0.05 38.88 0.04

Mean body temperature (°C) aggregated by hour of day across all eligible temperature recordings. For each hourly bin, the table reports the mean, upper and lower
95% confidence interval (Cl), and the Cl half-widths (upper 95% Cl - mean; mean - lower 95% Cl)

Abbreviations: Cl confidence interval, N number of temperature entries per hour

afternoon or early evening, coinciding with periods of
higher fever intensity and perceived discomfort, whereas
overnight dosing appears less frequent, likely reflecting
avoidance of sleep disruption unless temperatures are
considered concerning. Current guidelines indeed rec-
ommend not to awake a child to measure fever or to give
an antipyretic [22]. This behavioural timing may further
contribute to the pronounced afternoon/evening separa-
tion between medicated and non-medicated recordings.

Frequency of high fever by time of day
To further evaluate the clinical relevance of the diurnal
fever rhythm, we analysed the time-of-day distribution of
high-grade fever descriptively. Among 121,364 tempera-
ture recordings included in the threshold analysis, 41,859
(34.5%) were >39.0 °C (high fever) and 7,591 (6.3%) were
240.0 °C (very high fever). The observed proportion of
high-fever measurements varied substantially across the
day and was lowest in the early morning (05:00—08:59,
24.8% =39 °C; 3.6% 240 °C). The highest proportions were
observed during the late evening/night (21:00-00:59,
46.6% =39 °C; 10.6% =40 °C).

The observed diurnal pattern has direct clinical impli-
cations. A child who presents with only mild to mod-
erate fever in the morning may still develop higher

temperatures later the same day; therefore, a low morn-
ing value should not be interpreted as definitive reassur-
ance in isolation. Conversely, high fever during the early
morning hours appeared comparatively uncommon in
the aggregated recordings and may justify careful clini-
cal assessment when accompanied by concerning symp-
toms or impaired general condition. Time of day should
not be used as a stand-alone diagnostic marker, but it can
complement assessment of age, general condition, warn-
ing signs, and clinical course.

Discussion

In this app-based observational study comprising more
than 122,000 temperature recordings in young children,
we describe a clear aggregate time-of-day pattern in
febrile temperature entries. To our knowledge, this rep-
resents one of the largest real-world datasets describing
diurnal fever patterns in children outside clinical settings.
By providing high-resolution, home-based measure-
ments, the study adds descriptive granularity at the inter-
face of chronobiology, pediatrics, and digital health.

We identified a consistent aggregate diurnal fever
rhythm characterised by lower recorded temperatures
in the early morning and a progressive rise toward a
late-evening peak. With an observed trough-to-peak
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measurements) versus children aged 1-7 years (tympanic measurements). Lines represent aggregate registry-level means and are not cluster-corrected

child-level trajectories

difference of approximately 0.68 °C, the entry-level curve
indicates that a comparatively modest fever reading in
the early morning may be compatible with higher tem-
peratures later in the day, without necessarily reflecting
disease progression alone [5, 6, 23]. This time depen-
dency challenges overly static fever interpretation: fixed
thresholds (e.g., >38.0 °C), while operationally useful, do
not account for circadian variation and may contribute to
underrecognition in the morning and overinterpretation
later in the day [24]. Fever assessment should therefore
be contextualised, integrating time of day and trajectory
rather than relying on isolated measurements [5, 23].

It is also worth noting that focal bacterial infections
may blunt or override typical circadian modulation of
fever, potentially contributing to early-morning high-
fever recordings. This hypothesis is consistent with
existing evidence: fever height alone is a poor predictor
of serious bacterial infection, particularly in infants and
toddlers, and the German S3 guideline on fever man-
agement explicitly cautions against interpreting fever

severity primarily through temperature thresholds,
emphasising the child’s general condition and warning
signs instead [22]. Whether atypical circadian fever pro-
files (e.g., persistent high-grade fever in the early morn-
ing) carry additional diagnostic signal warrants validation
in cohorts with microbiological linkage. Because physi-
cian-confirmed diagnoses were not available, we cannot
determine whether diurnal patterns differed between
uncomplicated upper respiratory tract infections and
severe bacterial infection or sepsis; this interpretation
remains hypothesis-generating.

The entry-level mean curves suggested age-related
differences in recorded fever intensity, while the over-
all timing of the diurnal pattern was similar across age
strata. This pattern is congruent with pediatric experi-
ence and biologically plausible mechanisms, including
developmental differences in immune signaling, ther-
moregulation, and caregiver response behaviour (e.g.,
earlier supportive measures or antipyretic use) [16, 17].
However, because age group was structurally linked to
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Table 3 Hourly mean temperature by age group (< 12 months vs. 1-7 years)
Time Infants (< 12 months) Children (1-7 years)

Mean (SD), °C 95% Cl, °C N Mean (SD), °C 95% Cl, °C N
1:00 AM 38.60 (0.83) 38.52-38.68 451 38.94 (0.87) 38.88-39.00 851
2:00 AM 38.59(0.92) 38.50-38.68 414 38.96 (0.90) 38.90-39.03 745
3:00 AM 38.57(0.87) 38.48-38.65 396 38.87 (0.90) 38.80-38.93 747
4:00 AM 3846 (0.88) 38.39-38.53 612 38.54(0.97) 38.49-38.59 1,671
5:00 AM 38.27 (0.86) 38.22-38.32 1,250 38.36 (0.95) 38.33-38.39 3,703
6:00 AM 38.22 (0.83) 38.18-38.25 1,675 38.26 (0.96) 38.24-38.29 5103
7:00 AM 38.19(0.86) 38.15-38.23 1,756 38.28 (0.96) 38.26-38.31 5314
8:00 AM 38.20 (0.83) 38.16-38.24 1,677 38.31(0.95) 38.29-38.34 4,027
9:00 AM 38.27 (0.85) 38.23-38.31 1,467 3840 (0.95) 38.37-3843 4,152
10:00 AM 38.29 (0.85) 38.25-38.33 1,422 3846 (0.93) 38.44-3849 4,389
11:.00 AM 38.35(0.83) 38.30-38.39 1,437 38.50 (0.95) 38.47-38.53 4,577
12:00 PM 38.37(0.84) 38.32-3841 1,478 38.61(0.93) 38.58-38.63 4,693
1:00 PM 38.37(0.85) 38.33-3842 1,397 38.63 (0.93) 38.61-38.66 5,108
2:00 PM 3843 (0.82) 38.39-3847 1,496 38.69 (0.91) 38.67-38.72 5,088
3:00 PM 3847 (0.84) 3843-38.51 1,501 38.73(0.89) 38.71-38.76 4,971
4.00 PM 3848 (0.79) 38.44-38.51 1,628 38.73(0.90) 38.70-38.75 5,600
5:00 PM 38.43(0.77) 38.40-3847 2,063 38.66 (0.89) 38.64-38.68 7118
6:00 PM 38.42(0.79) 38.39-3845 2,128 38.61(0.92) 38.59-38.63 7276
7:00 PM 38.38(0.84) 38.34-3842 1,723 38.63 (0.94) 38.60-38.65 5,768
8:00 PM 3842 (0.89) 38.37-3846 1,428 38.71(0.96) 38.68-38.74 4316
9:00 PM 38.56 (0.94) 38.50-38.62 962 38.78 (0.99) 38.74-38.81 3,042
10:00 PM 38.64 (0.89) 38.58-38.71 624 38.78 (1.02) 38.73-38.82 1,807
11:00 PM 38.75(0.84) 38.68-38.82 550 39.01(0.92) 38.96-39.06 1,182
12:00 AM 38.70(0.84) 38.62-38.77 469 39.03 (0.91) 38.97-39.08 1,023

Values are mean (SD) and 95% confidence intervals (Cl) in °C. Infants (< 12 months) were measured rectally; children aged 1-7 years were measured tympanically.
These measurement routes are collinear with age group and should be considered when interpreting between-group differences

Abbreviations: Cl confidence interval, N number of temperature entries per hourly bin, SD standard deviation

measurement site and because the data were analysed
as heterogeneous entry-level aggregates, these differ-
ences should be interpreted cautiously. For example, a
temperature of 38.2 °C in a 2-month-old may have differ-
ent diagnostic implications than 39.5 °C in an otherwise
well preschool child with a minor viral illness [25]. These
nuances are relevant for caregiver counselling and are
expressed in the new German guideline on fever manage-
ment in children and youth [22].

Recordings being temporally associated with anti-
pyretic administration were linked to higher mean
temperature profiles throughout the day. This is most
consistent with confounding by indication: caregiv-
ers tend to administer medication in response to higher
fever and/or greater discomfort, rather than medication
being ineffective. Antipyretic use did not abolish the cir-
cadian structure. Early-morning lows and evening peaks
persisted in medicated children. This observation sug-
gests that circadian regulation of thermoregulation and
immune function remains largely intact during febrile
illness and is only transiently modulated by pharma-
cological intervention. It also raises a clinically relevant
chronotherapeutic question: should timing of antipyretic
use be considered more deliberately? If a child is

comfortable during the morning circadian low, watchful
waiting may be reasonable, whereas later-day administra-
tion could potentially mitigate the expected evening rise.
However, newer guidelines agree that antipyretics should
not be given with the sole aim of reducing fever but are
rather to be seen as pain killers to alleviate significant
pain or discomfort [4].

The observed time-of-day dependence of high fever
has implications for triage and caregiver behaviour. In
the entry-level threshold analysis, 239 °C and 240 °C
recordings were least frequent in the early morning and
most frequent in the late evening/night. Recognising the
expected late-day rise may reduce unnecessary alarm and
inappropriate care-seeking, while high fever at an atypi-
cal circadian phase should be interpreted together with
warning signs, general condition, age, and clinical course.
Triage algorithms and app-based guidance could benefit
from explicit circadian framing, but time-of-day-adapted
thresholds require prospective validation before clinical
implementation.

Finally, this study demonstrates the feasibility and
utility of participatory, app-based research in pediat-
rics. Through FeverApp, we captured frequent, context-
rich, time-stamped data from thousands of families in
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a documented antipyretic entry within +1 h of the temperature measurement versus recordings without documented antipyretic use. Lines represent

aggregate registry-level means

real-world home settings. This ecological momentary
assessment (EMA) approach enables the analysis of
temporal symptom dynamics, reduces recall bias, and
supports detailed chronobiological evaluation of febrile
illness [10, 11]. Beyond methodological advantages,
the platform may strengthen parental engagement and
health literacy by combining evidence-based guidance
with structured data contribution. The reliability of the
registry has been supported in prior work, including
concordance between caregiver-reported and clinically
validated fever episodes and consistent medication doc-
umentation [10]. These observations align with broader
EMA evidence in children demonstrating good adher-
ence and parent-child agreement in mobile symptom
tracking [26], and with participatory digital health mod-
els indicating feasibility and ethical robustness across
youth health domains [27]. In practical terms, this means
that FeverApp-derived temperature values are embed-
ded in a broader caregiver-reported context, including
symptoms, medication use, and healthcare contacts, even

though the present analysis focused primarily on temper-
ature timing and antipyretic exposure.

Future developments should examine whether app-
based fever registries can be linked with validated non-
invasive continuous temperature monitoring devices.
Such integration could reduce caregiver-driven sampling
bias, capture nocturnal and early-morning temperature
dynamics more completely, and help distinguish biologi-
cal fever rhythms from measurement behaviour. Evidence
from pediatric oncology, haemato-oncology, oncology
nursing, and intensive-care settings suggests that con-
tinuous or high-frequency temperature monitoring may
support earlier fever detection in selected high-risk pop-
ulations [28-33]. However, these findings should not be
transferred directly to otherwise healthy children with
common febrile illnesses without prospective validation.

In the longer term, FeverApp-like platforms com-
bined with validated wearable-generated temperature
series could support age-stratified, time-of-day-specific
temperature maps, consistent with previous evidence
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Table 4 Hourly mean temperature by antipyretic use

Page 11 of 13

Time No antipyretics With antipyretics Comparison
Mean (SD), °C 95% Cl, °C N Mean (SD), °C 95% Cl, °C N Mean diff., °C SE 95% Cl, °C

1:00 AM 38.64 (0.82) 38.57-38.71 566 39.20 (0.74) 39.13-39.27 405 0.56 0.05 0.46-0.66
2:00 AM 38.59 (0.90) 38.51-38.67 484 39.29 (0.69) 39.22-39.36 387 0.70 0.06 0.59-0.81
3:.00 AM 38.56 (0.88) 38.48-38.63 531 39.24 (0.76) 39.16-39.32 323 0.68 0.06 0.57-0.79
4:00 AM 38.35(0.89) 38.29-38.40 1,130 39.21 (0.75) 39.13-39.28 400 0.86 0.05 0.76-0.96
5:.00 AM 38.21(0.86) 38.18-38.24 2,611 39.06 (0.78) 39.00-39.11 668 0.85 0.04 0.78-0.92
6:00 AM 3(0.85) 38.10-38.15 3,711 39.09(0.78) 39.03-39.15 729 0.96 0.03 0.90-1.02
7:00 AM 5(0.87) 38.12-38.18 3,778 39.02 (0.80) 38.96-39.07 756 0.87 0.03 0.81-093
8:.00 AM 8(0.86) 38.15-38.21 3,482 39.09 (0.75) 39.03-39.15 593 091 0.03 0.85-0.97
9:00 AM 38.25(0.88) 38.22-38.28 3,077 39.16 (0.78) 39.10-39.22 631 0.91 0.04 0.84-0.98
10:00 AM 38.33(0.85) 38.30-38.36 3,127 39.11 (0.75) 39.06-39.17 739 0.78 0.04 0.71-0.85
11:00 AM 38.36 (0.87) 38.33-3839 3,236 39.16 (0.77) 39.10-39.21 854 0.80 0.04 0.73-0.87
12:00 PM 38.45 (0.86) 38.42-3848 3,284 39.21(0.78) 39.16-39.26 914 0.76 0.03 0.70-0.82
1:00 PM 38.48(0.87) 38.45-38.51 3477 39.26 (0.75) 39.21-39.30 905 0.78 0.02 0.74-0.82
2:00 PM 38.54 (0.84) 38.51-3857 3,461 39.28(0.76) 39.23-39.33 959 0.74 0.02 0.70-0.78
3:.00 PM 38.58 (0.84) 38.55-38.60 3,394 39.29(0.76) 39.24-3933 985 0.71 0.02 0.67-0.75
4:00 PM 38.58(0.82) 38.56-38.61 3,691 39.21(0.74) 39.17-39.25 1,295 0.63 0.02 0.59-0.67
5:00 PM 38.51(0.81) 38.48-38.53 4,700 39.14(0.73) 39.11-39.18 1,843 0.63 0.02 0.59-0.67
6:00 PM 38.45 (0.86) 38.42-3847 4,768 39.09 (0.76) 39.05-39.12 1,858 0.64 0.02 0.60-0.68
7:00 PM 3845 (0.88) 3843-38.48 3,943 39.16 (0.77) 39.12-39.20 1,288 0.71 0.02 0.67-0.75
8:00 PM 38.50 (0.89) 38.46-38.53 2,932 39.23(0.82) 39.18-39.28 997 0.73 0.04 0.66-0.80
9:00 PM 38.55(0.93) 38.51-38.59 1,787 39.33(0.79) 39.28-39.38 902 0.78 0.04 0.71-0.85
10:00 PM 38.55(0.95) 38.50-38.61 1,102 39.31(0.79) 39.25-39.37 665 0.76 0.04 0.68-0.84
11:00 PM 38.72(0.88) 38.65-38.78 737 39.33(0.71) 39.27-39.39 567 0.61 0.04 0.53-0.69
12:00 AM 38.69 (0.90) 38.62-38.76 582 39.34 (0.74) 39.27-39.40 506 0.65 0.05 0.55-0.75

Values are mean (SD) and 95% confidence intervals (Cl) in °C. Mean differences are shown as ‘with antipyretics’ minus ‘no antipyretics’. Standard errors (SE) and 95%
Cls for the mean difference were derived from within-hour SEs of the two strata using a normal approximation. The antipyretic stratum captures entries within 1 h
of a documented antipyretic administration; the comparison is observational and should not be interpreted as a causal estimate of antipyretic effect

Abbreviations: Cl confidence interval, N number of temperature entries per hourly bin, SD standard deviation, SE standard error

supporting age-specific fever thresholds [34]. Such maps
might improve parental counselling, safety-netting,
and contextual interpretation of fever trajectories. Any
Al-supported triage, warning system, or dose-support
function would require diagnostic linkage, prospective
validation, assessment of false alerts, equity safeguards,
and regulatory evaluation before clinical implementation.

Limitations

Several limitations should be considered. First, this was
an app-based observational registry and not a popula-
tion-based cohort. Participation, recording frequency,
and timing of measurements were caregiver-driven. Fam-
ilies using FeverApp may differ from non-users in health
literacy, concern about fever, digital access, and thresh-
olds for measuring or treating fever [35]. Therefore, the
results should be interpreted as patterns observed in a
Germany-based app-using cohort rather than as repre-
sentative estimates for all children.

Second, the dataset contains repeated measurements
nested within fever episodes, children, and potentially
families. The revised analyses were therefore restricted
to descriptive entry-level summaries. Individual entries

were not statistically independent, and children with
frequent recordings may have contributed dispropor-
tionately to hourly means and threshold proportions.
Because many fever episodes contained only few and
non-equidistant temperature entries, individual time-
series modelling was not feasible. Even density-based
displays of the non-aggregated measurements remain
entry-level visualisations and do not resolve clustering.
The results should therefore be interpreted as heteroge-
neous aggregate patterns of recorded FeverApp measure-
ments rather than as individual-level fever trajectories or
child-level risk estimates.

Third, measurements were entered by caregivers
under real-world conditions. Thermometer type, device
calibration, measurement technique, and contextual
factors could not be standardised. To improve compa-
rability, analyses were restricted to rectal measurements
in infants and tympanic measurements in older children;
however, this introduced complete confounding between
age group and measurement site. Consequently, age-
related temperature differences should be interpreted
cautiously.
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Fourth, diagnoses, laboratory findings, microbiological
results, neurological comorbidities, sleep-wake patterns,
exact antipyretic dose and timing, and non-pharmaco-
logical cooling measures such as wraps or tepid spong-
ing were not systematically available. Viral, bacterial, and
undifferentiated febrile illnesses were therefore analysed
together. Antipyretic comparisons are particularly vul-
nerable to confounding by indication, because medica-
tion is more likely to be given when fever or discomfort is
already higher. These limitations preclude causal conclu-
sions and illness-specific risk stratification.

Finally, generalisability may be limited by the geo-
graphic, cultural, and climatic context. Most users were
based in Germany, a high-income setting with a tem-
perate climate and specific healthcare-seeking norms.
Future studies should link app-based temperature tra-
jectories with clinical diagnoses, comorbidity data, and,
where appropriate, validated continuous temperature
monitoring.

Conclusions

Fever in young children should be interpreted as a
dynamic 24-hour pattern rather than as a single static
temperature value. In this app-based observational
cohort, recorded febrile temperatures followed a clear
aggregate time-of-day pattern, with lower values in the
early morning and higher values later in the day. This
temporal context may help clinicians and caregivers
interpret fever more realistically: a low morning value
should not be used as reassurance in isolation, while
late-day increases may partly reflect expected circadian
dynamics.

The practical call to action is to integrate time-of-day
awareness into fever counselling, safety-netting, and
digital decision support. Future FeverApp develop-
ments should move from isolated temperature entries
toward validated fever trajectories that combine age,
symptoms, medication timing, diagnostic information,
and, potentially, continuous wearable temperature data.
Before time-adapted thresholds, Al-supported triage,
or dose-support tools are implemented clinically, they
require prospective validation in representative pediatric
populations.

Abbreviations
EMA  Ecological momentary assessment
IQR Interquartile range (25th-75th percentile)
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