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Abstract

Background:Maternal fever during pregnancy has been associated with an increased

risk of genital malformations, but the implication for long-term reproductive health in

the offspring is unknown.

Objectives: To investigate associations between timing, duration, and temperature of

fetal exposure to maternal fever and sons’ semen quality, testicular volume, and levels

of reproductive hormones in early adulthood. Further, to examinewhether concurrent

use of antipyretics and/or antibiotics modified the effect.

Materials and methods: We used the Fetal Programming of Semen Quality cohort

consisting of men born to women enrolled in the Danish National Birth Cohort. Self-

reported information onmaternal feverwas collected twice during pregnancy (median

16 and 31 pregnancy weeks) and categorized as any fever during pregnancy, fever

during early pregnancy (weeks 1–15), and fever exclusively during late pregnancy

(weeks 16–42). Semen quality and concentrations of reproductive hormones were

measured at a clinical examination at the age of 18.9 years.We used negative binomial

regression to examine the associations, adjusting for maternal age at birth, maternal

smoking, family occupational status, and precision variables related to semen quality

and hormonal levels, for example, abstinence time.

Results: 986 men were included in the study, of which 23% had mothers report-

ing at least one episode of fever. We found no strong indications of associations

betweenmaternal fever during pregnancy andmale reproductive health in youngmen.

Concurrent use of antipyretics and antibiotics did not modify the association.

Discussion: Strengths include the large sample size, prospectively collected data,

and the adjustment for maternal factors during pregnancy and important precision

variables. A limitation is the crude self-reported information onmaternal fever.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and nomodifications or adaptations aremade.
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524 DORNFELDT ET AL.

Conclusion: We found no evidence to support that timing, duration, or temperature

of maternal fever during pregnancy has a long-term impact on semen characteristics,

testicular volume, or level of reproductive hormones inmale offspring.

KEYWORDS

antibiotics, antipyretics, maternal fever, prenatal exposure, reproductive hormones, semen
quality

1 INTRODUCTION

Infertility affects 15–25% of all couples trying to conceive. In up to

half of the cases, male factor infertility is the main or contributing

factor.1 Genetic and environmental factors and genital birth defects

have been linked to male infertility, but in many cases the etiology

is unknown.1,2 The male reproductive organs are to a large extent

founded during gestational weeks 7–15, also known as the fetal mas-

culinization programming window.2 Normal development of the male

reproductive organs during this window depends on the secretion of

androgens such as testosterone producedmainly by the fetal testes.3,4

Fetal exposures, such asmaternal smoking5,6 and endocrine-disrupting

chemicals,7–9 during the sensitive fetal period have been associated

with reduced semen quality in adulthood, likely due to disruption of

male reproductive organ development.

Approximately 20%ofwomenexperience fever during pregnancy.10

Fever is defined as a human body temperature ≥38◦C due to an

increase in temperature set point.11 Fever has been recognized as

a human teratogen that may disrupt normal fetal development.12

In epidemiological studies, maternal fever has been associated with

cardiac malformations, oral clefts,10 and neural tube defects in

offspring.10,13 Some studies report a slightly increased risk of genital

malformations,14,15 suggesting that maternal fever might also affect

male reproductive development. Evidence from animal studies sug-

gests that higher temperature and longer duration of febrile episodes

after implantation can induce abortions, whilst less intense exposures

have been associated with malformations – especially when occur-

ring during critical stages of development.16 However, in a systematic

review of human studies, only one out of six studies found a slightly,

but non-significant higher risk of minor birth defects with increasing

temperature and duration of fever.10

To our knowledge, the association between maternal fever and

male offspring reproductive function has yet to be examined. Since

many pregnant women experiences fever, even a small negative effect

on reproductive health could have a large impact and would make

maternal fever a public health concern. We hypothesized that dam-

age to the male reproductive system is most pronounced during the

first 15 weeks of gestation. Using a cohort of young Danish males

with detailed data on maternal fever collected prospectively during

their mother’s pregnancy, we aimed to examine if timing, duration, and

temperature ofmaternal fever episodes during pregnancywere associ-

ated with semen quality, testicular volume, and reproductive hormone

levels in the young adult men and if concurrent use of antipyretics and

antibiotics modified the relationship.

2 MATERIALS AND METHODS

2.1 Study population

Our study utilizes the Fetal Programming of Semen Quality (FEPOS)

cohort17 which is a sub-cohort of sons born to mothers in the Danish

National Birth Cohort (DNBC).18 The DNBC is an ongoing population-

based cohort containing information on the pregnancy and the off-

spring from approximately 100,000 mother-child pairs enrolled in the

time period from 1996 to 2002.18,19

From April 2017 to December 2019, the young adult sons were

recruited through a secure digital mailbox system. To be included

in the FEPOS cohort, the young men had to be at least 18 years

and 9 months of age, live in or near Copenhagen or Aarhus, have

both testes in the scrotum, and their mothers should as a minimum

have responded to twocomputer-assisted telephone interviews sched-

uled around gestational weeks 12 and 30 and provided one blood

sample during pregnancy. Young men were ineligible if they had a

medical history of chemotherapy treatment, sterilization, or orchiec-

tomy procedures. Upon signing informed consent for participation,

the young men were asked to complete a comprehensive online ques-

tionnaire, provide a semen and blood sample, and undergo a clinical

examination. The clinical examination was performed at either the

Department of Occupational and Environmental Medicine at Bis-

pebjerg Hospital (Copenhagen) or the Department of Occupational

Medicine at Aarhus University Hospital (Aarhus). Of the 5697 invited

young men, 1058 (19%) participated. The specific recruitment pro-

cess and following procedures have been described in further detail

elsewhere.17

2.2 Maternal fever

Information on maternal fever during pregnancy was obtained from

two computer-assisted telephone interviews in the DNBC conducted

during pregnancy (the first interview at median week 16 and the sec-

ond interview at median week 31). In these interviews, the women

were asked “Did you have any fever during your pregnancy?”. If the
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DORNFELDT ET AL. 525

answer was yes, they were further asked about the pregnancy week

during which they experienced the fever episode, its duration (in days),

and theirmaximumbody temperature (in ◦C) during the episode. Itwas

possible to register up to 10 episodes of fever in each interview.

The sons were considered exposed to any fever during fetal life if

their mother reported at least one episode of fever during pregnancy.

Exposed participants were further categorized according to timing;

fever during early pregnancy or fever exclusively in late pregnancy

(gestationalweeks1–15and16–39, respectively). If amother reported

fevers during both early and late pregnancy, her sonwas categorized as

exposed during early pregnancy. Participants with incorrect informa-

tion on the timing of fever (e.g., gestational week of fever later than the

gestational week of interview) were excluded (n= 66).

2.3 Semen characteristics and testicular volume

The youngmen collected a semen sample at the clinic or home. Thepar-

ticipantswere, in either case, provided a sample cup and recommended

to stay sexually abstinent for 48–72 h prior to collection. For home

collection, instructions on transportation and delivery were given.17

Time of abstinence, time from ejaculation to analysis, and spillage, if

any, were recorded. Semen volume was measured by weighing the

sample in a pre-weighed container before the sample was placed in

a 37◦C incubator for liquefaction. Afterward, the semen sample was

analyzed manually for sperm concentration, total sperm count (sperm

concentration multiplied by semen volume), and the proportions of

progressive, non-progressive, and immotile spermatozoa. All analyses

were performed in accordance with the recommendations from the

World Health Organization.20 The analyses were performed by two

trained medical laboratory technicians, one affiliated with the clinic

in Copenhagen and one with the clinic in Aarhus. The technicians

participated in an ongoing quality control program with the Centre

of Reproductive Medicine in Malmö, Sweden, and were trained in

ensuring compliance with the 2010 recommendations of the World

HealthOrganization before data collection. The ESHRE External Qual-

ity Assessment scheme (Centre for Andrology, Karolinska University

Hospital, Stockholm, Sweden) was followed. Sperm morphology and

DNA Fragmentation Index were analyzed at the Centre of Repro-

ductive Medicine in Malmö, Sweden. To measure the percentage of

strictly normal spermatozoa, at least 200 spermatozoa were ana-

lyzed in each sample, and abnormalities of the spermatozoa were

recorded. The proportion of spermatozoa with fragmented DNA was

analyzed using the sperm chromatin structure assay, which has been

found to be highly precise.19 All performed analyses were controlled

by comparison with two reference samples. Testicular volume was

measured by the participants themselves using a Prader Orchidome-

ter during the clinical examination. This method has previously been

shown valid, with an agreement in self-measurement and profes-

sional measurement on 71% and 76% for the right and left testicles,

respectively.20

2.4 Reproductive hormones

Non-fasting venous blood samples were collected using the VAC-

UETTE SAFETY Blood Collection Set +Holder at the clinical examina-

tion. Plasma was separated from whole blood and stored at –80◦C in

CryoPure Tubes until analysis of reproductive hormones. All hormone

analyses were performed at the Department of Clinical Biochemistry

at Aarhus University Hospital, Aarhus, Denmark. Levels of testos-

terone and estradiol were analyzed using liquid chromatography-

tandem mass spectrometry (AB Sciex 6500 QTRAP, Framingham, MA,

USA).21 Coefficients of variation (CVs) were 7% for testosterone at

14.1 nmol/L and 7.5% for estradiol levels of 780 pmol/L. Limits of

detection (LODs) were 0.12 nmol/L for testosterone and 15 pmol/L

for estradiol. Calculated Free Testosterone was derived using the

Vermeulen formula assuming a constant albumin concentration of

43 g/L.22 Levels of sex hormone-binding globulin (SHGB), luteinizing

hormone (LH), and follicle-stimulating hormone (FSH) were mea-

sured using immunoassays (Cobas 8000 e602; Roche Diagnostics,

Mannheim, Germany)23 with CVs of 3%, 3%, and 5%, respectively.

LODs were 0.1 UI/L for FSH and LH, and 0.350 nmol/L for SHGB.

Reproductive hormone values below their LOD were assigned the

value of the LOD divided by the square root of two. This was the case

for 8% of estradiol values and<5% for LH and FSH values, respectively

2.5 Covariates

We obtained information on maternal smoking (never/former smoker;

light smoker [≤10 cigarettes/day]; heavy smoker [>10 cigarettes/day]),

pre-pregnancy bodymass index (BMI, kg/m2, continuous), weekly alco-

hol intake (0 units; 1 unit; ≥2 units), and the highest occupational

status in the family (high grade professional; low grade professional;

skilled/unskilled worker; student/economically inactive) from the first

DNBC interview. Maternal age at birth (in years, continuous) was

retrieved from theDanishMedical Birth Registrywhich contains infor-

mation onmaternal and offspring health and birth characteristics from

all Danish births since 1977.24

Information on maternal concurrent use of antipyretics (no; yes)

and antibiotics (no; yes) was obtained from the second DNBC inter-

view. The use of antipyretics was considered concurrent with the fever

episode if it was used during the same week as the fever, while the use

of antibiotics was considered concurrent if it was used during the same

or the following week of a fever episode.

Health information about the young men was obtained from the

electronic questionnaire filled out prior to the clinical examination. It

included smoking status (never; occasional or former smoker; current

smoker), alcohol consumption (never/former or less thanmonthly; 1–3

times per month; ≥1 time per week), fever during the past 3 months

(no; yes), and history of cryptorchidism and hypospadias (no; yes).

Information on BMI (kg/m2, continuous) was measured at the clinical

examination.
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526 DORNFELDT ET AL.

Information regarding the collection of the semen and blood sample

including abstinence time (in days, continuous), minutes from ejacula-

tion to semen analysis (continuous), spillage of semen sample (no; yes),

place of ejaculation (clinic; home), and time of blood sampling (<12:00

pm, 12:00–18:00 pm, >18:00 pm) was recorded during the clinical

examination.

2.6 Statistical analyses

Baseline characteristics and reproductive characteristics of partici-

pants according tomaternal fever during pregnancywere presented as

proportions, means with standard deviations, or pseudo medians with

5–95th pseudo percentiles. Pseudo percentiles were calculated as the

mean of the five values nearest to the actual percentile in order to

avoid reporting individual-level data in compliance with the European

General Data Protection Regulations.25

Crude and adjusted percentage differences of semen quality mea-

sures, reproductive hormone levels, and average testicular volume

according to fever exposure were calculated with 95% confidence

intervals (95%CIs) using negative binomial regression since this distri-

bution yielded the best fit due to right-skewed residuals of the analyses

and presentation of values of zero. A priori, we identified covariates for

limiting confounding using directed acyclic graphs.26 Maternal age at

birth, maternal smoking, and family occupational status were included

in the adjusted analyses (Figure S1). Additionally, to increase precision,

analyses of semen characteristics were adjusted for sexual abstinence

time, place of ejaculation, and minutes from ejaculation to analysis

(only for motility). Participants reporting spillage were excluded from

analyses of semen volume and total sperm count, while analyses of

sperm concentration, motility, morphology, and proportion of DNA

fragmented spermatozoawere adjusted for spillage. Analyses of repro-

ductive hormones were adjusted for the time of the day of blood

sampling. If the timing of fever episodes showed to be of importance

in themain analysis, all subsequent analyseswould be performed using

this exposure categorization.

We investigated the potential dose-response relation between the

duration of the longest fever episode (1 day; 2 days; 3+ days) and

the highest temperature (<39◦C; ≥39◦C) during the fever episode and

reproductive outcomes using negative binomial regression. Women

who had more than one fever episode were categorized according to

the fever episodewith the longest duration and highest temperature.

To determine if a potential association between maternal fever and

reproductive health was modified by the concurrent use of antipyret-

ics and/or antibiotics, we performed a sensitivity analysis stratifying

the study population according to the mother’s use of concurrent

medications.

Selection weights were applied in all analyses to account for non-

participation in the FEPOS cohort. Selection weights measure the

inverse probability of participation and were calculated as the prob-

ability of participation according to the primary exposure variable

and potential confounding factors (maternal pre-pregnancy BMI, alco-

hol consumption, smoking, age, region, time to pregnancy and parity,

and family occupational status) using logistic regression analysis. The

selection weights were then assigned to the participants, and the par-

ticipants entered the analyses with a weight corresponding to both

themselves and non-participantswith similar values of the explanatory

co-variates used in the analyses.27 Additionally, a cluster statement

was included in the model to account for siblings, since mothers could

havemore than one son in the FEPOS cohort.

All statistical analyses were performed using STATA 17 (StataCorp,

College Station, TX, USA).

2.7 Ethics

This studywas conducted in accordancewith the principles of theDec-

laration of Helsinki. The FEPOS cohort was approved by the Scientific

ResearchEthicsCommittee forCopenhagen andFrederiksberg (No.H-

16015857) andapprovedby theKnowledgeCentreonDataProtection

Compliance under the records of processing regarding health science

research projects within the Capital Region of Denmark (P-2019-503).

Recruitment and data collection were permitted by the Steering Com-

mittee of the DNBC (ref. no2016-08) with the subsequent approval

of this specific study (ref. no. 2020-03). All participants gave written

informed consent prior to their inclusion in the study.

3 RESULTS

A total of 1058 youngmen participated in the FEPOS cohort. Of these,

66 men were excluded due to inconsistencies in the information on

the gestational week for fever episodes, while six were excluded for

not having both testicles in the scrotum. Thus, 986 young men were

included in the analyses (Figure 1). Of these, 132 men (13%) were

exposed to at least one fever episode during early pregnancy and 98

men (10%) were exposed to fever exclusively during late pregnancy,

hence 23%were exposed to any fever.

The baseline characteristics of the participants and their mothers

according to fever exposures are presented in Table 1. Participants

exposed to fever during fetal life were more likely to have moth-

ers who were heavy smokers and who drank two or more units of

alcohol per week compared to participants whose mothers did not

report fever during pregnancy. The participants were also more likely

to report a fever episode themselves in the 3 months prior to filling in

the online questionnaire. Participants who were exclusively exposed

to fever in late pregnancy were more likely to have mothers who

used antipyretics or antibiotics concurrently with an episode of fever

compared to participants whose mothers reported fever during early

pregnancy.

3.1 Any fever and timing of fever

In Tables 2 and 3, we present median and associated 5–95th pseudo

percentiles as well as crude and adjusted percentage differences in
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DORNFELDT ET AL. 527

TABLE 1 Characteristics of the 986 youngmen in the FEPOS cohort and their mothers, according tomaternal fever during pregnancy

Timing of fever

Total

No fever

during

pregnancy

Any fever

during

pregnancy

Fever during

early

pregnancy

Fever exclusively

during late

pregnancy

Total study population, n [%] 986 [100] 756 [77] 230 [23] 132 [13] 98 [10]

Characteristics of mothers

Maternal age at birth in years, mean (SD) 31.0 (4.2) 30.9 (4.2) 30.8 (4.2) 30.6 (4.2) 31.0 (4.2)

Maternal smoking, n [%]

Never/former smoker 760 [77] 593 [78] 167 [72] 96 [73] 71 [73]

Light smoker (≤10 cigarettes/day) 190 [19] 140 [19] 50 [22] 29 [22] 21 [21]

Heavy smoker (>10 cigarettes/day) 36 [4] 23 [3] 13 [6] 7 [5] 6 [6]

Family socioeconomic status, n [%]

High grade profession 334 [34] 256 [34] 78 [34] 44 [33] 34 [35]

Low grade professional 320 [32] 244 [32] 76 [33] 45 [34] 31 [32]

Skilled or unskilled worker 288 [29] 224 [30] 64 [28] <40 [.] <30 [.]

Student or economically inactive 44 [5] 32 [4] 12 [5] <10 [.] <5 [.]

Pre-pregnancy BMI, median (5–95th percentile) 22.1 (18.3–29.4) 22.1 (18.4–29.3) 22.0 (17.9–30.7) 21.8 (18.0–31.4) 22.2 (17.9–30.4)

Weekly alcohol intake, n [%]

0 units 521 [53] 395 [52] 126 [55] 77 [58] 49 [50]

1 unit 303 [31] 244 [32] 59 [26] 31 [24] 28 [29]

2+ units 161 [16] 116 [16] 45 [19] 24 [18] 21 [21]

Use of antipyretics* during a fever episode, yes n [%] - - 49 [21] 18 [14] 21 [32]

Use of antibiotics** during a fever episode, yes n [%] - - 23 [10] 9 [7] 14 [14]

Use of antipyretics and/or antibiotics concurrent with a

fever episode

- - 62 [26] 26 [20] 36 [37]

Characteristics of sons

Smoking habits, n [%]

Never smoker 483 [49] 370 [49] 113 [50] 61 [47] 52 [53]

Occasional or former smoker 272 [28] 215 [28] 57 [24] 32 [25] 25 [26]

Current smoker 228 [23] 170 [23] 58 [25] 37 [28] 21 [21]

BMI, median (5–95th percentile) 22.0 (18.0–27.9) 22.0 (18.1–27.8) 22.1 (17.9–28.2) 22.0 (17.9–27.4) 22.2 (18.0–29.5)

Alcohol consumption, n [%]

Never, former, or less thanmonthly 108 [11] 77 [10] 31 [14] 19 [14] 12 [12]

1–3 times amonth 347 [35] 266 [35] 81 [35] 45 [35] 36 [37]

≥1 time aweek 528 [54] 412 [55] 116 [50] 66 [51] 50 [51]

Fever within the past 3months, n [%] yes 138 [14] 101 [13] 37 [16] 23 [17] 14 [14]

Place of semen sample collection, n [%] clinic 852 [86] 653 [86] 199 [87] 111 [84] 88 [90]

Semen sample analysis, n [%] Copenhagen 776 [79] 598 [79] 178 [77] 103 [78] 75 [77]

Minutes from ejaculation to analysis, median (5–95th

percentile)

45.0 (30.0–90.0) 45.0 (30.0–90.0) 45.0 (30.0–94.1) 45.0 (28.7–96.1) 45.0 (29.9–92.1)

Days of abstinence, median (5–95th percentile) 2.0 (0.5–4.8) 2.0 (0.5–5.0) 2.0 (0.5–4.6) 2.0 (0.6–4.8) 2.0 (0.5–4.3)

No spillage of the semen sample, n [%] 814 [83] 617 [82] 197 [86] 109 [83] 88 [90]

Azoospermia, yes n [%] 13 [1] 11 [1] <5 [.] <5 [.] <5 [.]

Hypospadias or cryptorchidism, n [%] 34 [3] 27 [4] 7 [3] <5 [.] <5 [.]

(Continues)
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TABLE 1 (Continued)

Timing of fever

Total No fever

during

pregnancy

Any fever

during

pregnancy

Fever during

early

pregnancy

Fever exclusively

during late

pregnancy

Time of day for blood sampling, n [%]

Morning (before 12 pm) 355 [36] 270 [36] 85 [37] 46 [35] 39 [40]

Midday (between 12 and 6 pm) 518 [53] 406 [54] 112 [49] 66 [51] 46 [47]

Evening (after 6 pm) 102 [10] 72 [9] 30 [13] 18 [14] 12 [13]

BMI: bodymass index (weight (kg)/height (cm)2.

SD: standard deviation.

*Antipyretics cover all painkillers asked about in the second interview in DNBC (see www.dnbc.dk).

**Antibiotics cover abboticin, calcipen, erycin, erythromycin, imadrax, lucosil, penicillin, pondocillin, primcillin, rocolin, rovamycin, selexid, sulfa, and

vepicombin.

All medians and percentiles are pseudo to ensure anonymity.

semen quality characteristics, testicular volume, and reproductive hor-

mones for men whose mothers had any fever during pregnancy, fever

during early pregnancy, and fever exclusively during late pregnancy,

compared to men whose mothers did not experience a fever at any

point during pregnancy. We found no strong associations between

maternal fever and semen quality characteristics, testicular volume,

and levels of reproductive hormones, neither in relation to any fever

nor specific timing of fever.

3.2 Duration and temperature of a fever episode

Results from analyses of the duration and temperature of fever

episodes during pregnancy relative to measures of male repro-

ductive health are presented in Tables 4 and 5. As the main

analyses did not indicate timing to be of importance, all subse-

quent analyses are presented for any fever. We found no indica-

tions of an association between the duration or highest temper-

ature of maternal fever episodes and male offspring reproductive

health.

3.3 Concurrent use of medications

For testicular volume, reproductive hormones, and most semen qual-

ity characteristics, concurrent use of medications did not appear to

modify the associations with fever (Tables S1 and S2). However, strat-

ification according to concurrent fever and use of medication showed

that men, whose mothers reported concurrent fever and medication,

had higher total sperm count and a higher proportion of morpholog-

ically normal sperm compared to men whose mothers did not report

any episodes of fever. Men whose mothers did not use medications

during fever had similar total sperm count and proportion of mor-

phologically normal sperm compared to men not exposed to maternal

fever.

4 DISCUSSION

4.1 Main findings in the context of previous
studies

Hyperthermia and fever in adult men have long been recognized for

their adverse effects on spermatogenesis,28–32 but to the best of

our knowledge this is the first study of long-term male reproductive

effects of fetal exposure to fever. This large-scale population-based

study did not support the hypothesis of a detrimental effect on

male reproductive health by maternal fever during pregnancy, nei-

ther in terms of timing, duration, nor temperature and we found no

consistent indications of effect modification by concurrent use of

medications.

Studies of short-term reproductive effects of fever during fetal

life have suggested a slightly to severely elevated risk of genital

malformations in the human offspring exposed to maternal fever in

the first trimester of pregnancy. However, sex-specific odds ratios

(ORs) were not reported in one of the studies.14 Another study, from

China, included 189,941 births and reported a four-fold (adjusted OR

4.14, 95% CI 1.32–12.83) higher risk of hypospadias in sons born to

mothers exposed to fever (temperature >38.5◦C for ≥24 h) during

the first trimester.15 As hypospadias and cryptorchism are considered

part of the testicular dysgenesis syndrome and predictors of poor

semen quality,2 these findings could be hypothesized to translate into

an increased risk of poor semen quality. Nonetheless, our results do

not indicate such long-term consequences. The differences between

our results and those of Jin et al. might be explained bymethodological

differences. Fever may be more precisely measured in the study of Jin

et al. since they had information on both duration and temperature for

all fever episodes, however, it is not clear by whom, how, and when the

measurement was made and registered.15 Further, mother-child pairs

in the study from China were enrolled in the cohort if they used the

health care system in relation to pregnancy andbirth. By comparison of

the enrolled mother-child pair with the overall number of births in the
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DORNFELDT ET AL. 529

TABLE 2 Median and 5–95th pseudo percentile and negative binomial regression of percentage change in semen quality characteristics and
average testicular volume in 986 young adult men, according to fever during pregnancy with no fever in pregnancy as the reference group

Negative binomial regression

Semen characteristics and testicular

volume n
Median (5–95th

percentile) n
Crude

% (95%CI) n
Adjusted*%

(95%CI)

Semen volume, ml 814 792 785

No fever 2.7 (1.0–5.5) 0 (ref) 0 (ref)

Any fever during pregnancy 2.6 (1.0–5.2) 1 (−7, 9) 1 (−7, 8)

Fever during early pregnancy 2.6 (1.1–5.2) 1 (−10, 9) −3 (−11, 6)

Fever exclusively during late pregnancy 2.7 (1.0–5.3) 3 (−8, 16) 5 (−6, 17)

Sperm concentration, 106 per ml 980 949 ¤

No fever 37.9 (2.5–137.2) 0 (ref.) 0 (ref.)

Any fever during pregnancy 44.7 (4.1–138.3) 7 (−6, 22) 6 (−6, 21)

Fever during early pregnancy 44.7 (4.4–143.7) 8 (−8, 28) 4 (−11, 22)

Fever exclusively during late pregnancy 45.1 (3.4–132.1) 4 (−13, 25) 10 (−9, 32)

Total sperm count, 106 813 791 785

No fever 101.3 (8.6–413.9) 0 (ref.) 0 (ref.)

Any fever during pregnancy 109.1 (7.5–407.9) 9 (−7, 27) 8 (−5, 23)

Fever during early pregnancy 105.6 (8.8–470.3) 13 (−7, 39) 4 (−12, 22)

Fever exclusively during late pregnancy 112.5 (7.6–862.5) 2 (−16, 22) 13 (−5, 34)

Sperm progressivemotility, % 967 936 919

No fever 63.0 (28.2–83.0) 0 (ref.) 0 (ref.)

Any fever during pregnancy 61.3 (35.8–83.0) −1 (−4, 3) −1 (−4, 3)

Fever during early pregnancy 60.6 (35.9–84.2) −1 (−5, 4) −1 (−5, 4)

Fever exclusively during late pregnancy 62.8 (31.8–82.6) −1 (−6, 5) −1 (−6, 5)

Sperm non−progressive and immotile, % 967 936 919

No fever 36.2 (16.8–71.8) 0 (ref.) 0 (ref.)

Any fever during pregnancy 38.7 (17.0–64.2) 1 (−4, 7) 1 (−5, 7)

Fever during early pregnancy 39.4 (15.8–64.1) 1 (−6, 8) 1 (−6, 9)

Fever exclusively during late pregnancy 37.2 (17.4–68.2) 1 (−7, 10) 1 (−7, 10)

Morphologically normal sperm, % 961 930 919

No fever 6.0 (0.2–15.0) 0 (ref.) 0 (ref.)

Any fever during pregnancy 6.9 (0.6–15.2) 8 (−3, 20) 8 (−3, 20)

Fever during early pregnancy 6.3 (0.7–15.1) 4 (−9, 18) 3 (−10, 17)

Fever exclusively during late pregnancy 7.3 (0.4–15.7) 15 (−1, 33) 16 (0, 35)

DNA fragmented spermatozoa, % 922 891 881

No fever 9.0 (4.0–21.4) 0 (ref.) 0 (ref.)

Any fever during pregnancy 10.0 (3.6–20.7) 3 (−6, 12) 2 (−6, 11)

Fever during early pregnancy 10.0 (3.7–22.5) 2 (−8, 13) 0 (−10, 10)

Fever exclusively during late pregnancy 10.0 (3.3–21.3) 4 (−8, 17) 6 (−5, 19)

Testicular volume, ml ** 954 ¤

No fever 15.0 (7.6–25.0) 0 (ref.) 0 (ref.)

Any fever during pregnancy 15.0 (8.0–25.0) −3 (−7, 2) −2 (−7, 3)

Fever during early pregnancy 15.0 (7.3–25.0) −3 (−9, 3) −3 (−9, 4)

(Continues)
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530 DORNFELDT ET AL.

TABLE 2 (Continued)

Negative binomial regression

Semen characteristics and testicular

volume

n Median (5–95th

percentile)

n Crude

% (95%CI)

n Adjusted*%

(95%CI)

Fever exclusively during late pregnancy 14.9 (8.5–25.0) −2 (−9, 5) −2 (−9, 5)

*Adjusted models include maternal age at birth, family occupational status, and maternal smoking. All semen parameters were adjusted for abstinence time

and place of semen sampling (home/at the clinic). Analyses of sperm concentration, morphologically normal sperm, and proportion of DNA fragmented

spermatozoawere additionally adjusted for spillage.

Analyses of progressive motility additionally adjusted for the time from ejaculation to analysis. Analyses of semen volume and total sperm count excluded if

spillage.

**Less than fivemissing values.

¤Less than fivemissing values from crude to adjustedmodel.

Early pregnancy exposure: At least one febrile episode during gestational weeks 1–15 early pregnancy (women who had a fever during early and late

pregnancy are categorized as early pregnancy).

Fever exclusively during late pregnancy: No fever during gestational weeks 1–15 and at least one febrile episode during gestational weeks 17–39.

F IGURE 1 Flowchart showing the final study population. Of 49,653mother-son pairs available from the Danish National Birth Cohort, 5697
were invited to participate in the FEPOS cohort based on the availability of required information on pregnancy and age and place of residency of
sons. Of those sons invited, 1058 participated. Sixty-six sons were excluded from the study population due tomissing information onmaternal
fever, while six were excluded since they did not have both testicles in the scrotum. Thus, the final study population consisted of 986 sons.

area and time period from which the study population was drawn, the

authors found that they had enrolled >80% of all births in their study,

while the proportion of enrolled hypospadias cases were >90%.15

If mothers who had either severe fever in pregnancy or sons with

hypospadias were more likely to use the health care system in relation

to their pregnancy, birth, and neonatal care, this may have introduced

selection bias leading to an overestimation of the association. In

contrast, in the current study, mothers were invited to the DNBC
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DORNFELDT ET AL. 531

TABLE 3 Median and 5–95th pseudo percentile and negative binomial regression of percentage change in reproductive hormones levels in
986 young adult men, according to fever during pregnancy with no fever in pregnancy as the reference group

Negative binomial regression

Reproductive hormones n
Median (5–95th

percentile) n
Crude

% (95%CI) n
Adjusted*%

(95%CI)

Testosterone, nmol/L 974 943 943

No fever 18.3 (10.1–29.1) 0 (ref.) 0 (ref.)

Any fever during pregnancy 17.4 (10.0–28.5) −2 (−6, 3) −1 (−6, 3)

Fever during early pregnancy 17.0 (11.1–28.5) −2 (−8, 4) −2 (−7, 4)

Fever exclusively during late pregnancy 18.0 (8.6–28.8) −1 (−8, 5) −1 (−8, 5)

Calculated Free Testosterone, pmol/L 974 943 943

No fever 380.1 (217.7–590.6) 0 (ref.) 0 (ref.)

Any fever during pregnancy 389.5 (213.5–579.1) 0 (−4, 5) 1 (−3, 5)

Fever during early pregnancy 388.6 (228.3–571.4) −1 (−6, 5) 0 (−5, 5)

Fever exclusively during late pregnancy 390.6 (192.4–615.4) 2 (−5, 8) 1 (−5, 8)

Estradiol, pmol/L 974 943 943

No fever 51.5 (10.6–104.8) 0 (ref.) 0 (ref.)

Any fever during pregnancy 54.8 (10.6–114.2) 6 (−3, 17) 6 (−3, 17)

Fever during early pregnancy 52.7 (10.6–112.9) 2 (−11, 17) 2 (−10, 17)

Fever exclusively during late pregnancy 59.3 (11.7–119.7) 12 (0, 26) 12 (−1, 26)

Sexual Hormone Binding Globulin, nmol/L 974 943 943

No fever 33.0 (16.3–59.8) 0 (ref.) 0 (ref.)

Any fever during pregnancy 32.0 (17.2–54.0) −4 (−9, 2) −4 (−9, 2)

Fever during early pregnancy 32.0 (18.5–55.4) −4 (−10, 3) −4 (−10, 3)

Fever exclusively during late pregnancy 31.6 (15.9–57.4) −5 (−12, 3) −5 (−12, 4)

Luteinizing Hormone, UI/L 974 943 943

No fever 5.1 (2.7–8.9) 0 (ref.) 0 (ref.)

Any fever during pregnancy 5.3 (2.9–9.7) 7 (−3, 17) 6 (−3, 17)

Fever during early pregnancy 5.4 (2.9–10.1) 11 (−3, 27) 11 (−3, 27)

Fever exclusively during late pregnancy 5.2 (2.8–9.1) 0 (−8, 9) 0 (−8, 8)

Follicle−Stimulating Hormone, UI/L 974 943 943

No fever 3.6 (1.4–7.8) 0 (ref.) 0 (ref.)

Any fever during pregnancy 3.3 (1.5–8.9) 7 (−10, 26) 6 (−10, 25)

Fever during early pregnancy 3.3 (1.4–9.5) 15 (−10, 48) 15 (−10, 47)

Fever exclusively during late pregnancy 3.4 (1.4–8.1) −6 (−16, 6) −6 (−16, 5)

*Adjustedmodels includematernal age at birth, family occupational status, andmaternal smoking. Blood sampling analyses were adjusted for the time of the

day that the blood sample was collected.

IU/L: International units per liter.

Early pregnancy exposure: At least one febrile episode during gestational weeks 1–15 early pregnancy (women who had a fever during early and late

pregnancy are categorized as early pregnancy).

Fever exclusively during late pregnancy: No fever during gestational weeks 1–15 and at least one febrile episode during gestational weeks 17–39.

during their first visit to their practitioner, and the sons’ invitation to

the FEPOS cohort stated that they could only participate if they had

both testicles in the scrotum.17 Furthermore, we excluded sons from

the analyses if they nonetheless were found to have none or only one

testicle in the scrotum. Therefore, we may have had a differentially

selected study population, leading the observed estimates toward the

null. Finally, even though Jin et al. adjusted for confounding factors,

such as parental occupations and age, they were not able to adjust for

factors such as maternal smoking,15 why the estimated OR may be

influenced by residual confounding.
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532 DORNFELDT ET AL.

TABLE 4 Negative binomial regression of duration of fever during pregnancy and reproductive health parameters in 986 young adult men,
according to the duration of the longest episode of fever during pregnancy with no fever in pregnancy as the reference group

1 day

(n= 43)

2 days

(n= 105)

3+ days

(n= 82)

Reproductive health parameter n

No fever in

pregnancy

(n= 756) % (95%CI) % (95%CI) % (95%CI)

Semen volume, ml 785 ref. −3 (−16, 12) 5 (−5, 16) −4 (−15, 9)

Sperm concentration, 106 per ml 938 ref. −16 (−34, 8) 12 (−8, 35) 11 (−6, 31)

Total sperm count, 106 785 ref. −15 (−34, 11) 12 (−6, 32) 15 (−5, 39)

Sperm progressivemotility, % 919 ref. −5 (−12, 4) −2 (−7, 4) 2 (−3, 7)

Sperm non−progressive and immotile, % 919 ref. 8 (−5, 22) 3 (−6, 11) −4 (−11, 4)

Morphologically normal sperm, % 919 ref. −3 (−22, 22) 13 (−2, 30) 7 (−9, 27)

DNA fragmented spermatozoa, % 881 ref. 21 (2, 43) −2 (−12, 10) −2 (−13, 11)

Testicular volume, ml 949 ref. −2 (−11, 8) −7 (−13, 0) 2 (−5, 10)

Testosterone, nmol/L 943 ref. 0 (−10, 12) −2 (−8, 4) −1 (−7, 5)

Calculated Free Testosterone, pmol/L 943 ref. 3 (−6, 13) −2 (−7, 4) 2 (−3, 9)

Estradiol, pmol/L 943 ref. 4 (−12, 22) 0 (−10, 12) 15 (−4, 37)

Sexual Hormone Binding Globulin (SHGB), nmol/L 943 ref. −5 (−17, 8) −2 (−9, 6) −6 (−14, 2)

Luteinizing Hormone (LH), UI/L 943 ref. 1 (−10, 13) 8 (−8, 28) 7 (−3, 18)

Follicle−Stimulating Hormone (FSH), UI/L 943 ref. 4 (−12, 22) 0 (−10, 12) 15 (−4, 37)

All models are adjusted for maternal age at birth, family occupational status, and maternal smoking. All semen parameters were adjusted for abstinence

time and place of semen sample (Copenhagen/Aarhus). Analyses of sperm concentration, morphologically normal sperm, and proportion of DNA fragmented

spermatozoa are additionally adjusted for spillage.

Analyses of progressive motility additionally adjusted for the time from ejaculation to analysis. Analyses of semen volume and total sperm count excluded if

spillage. Blood sampling analyses were adjusted for the time of the day that the blood sample was collected.

UI/L: International units per liter.

4.2 Strengths and limitations regarding exposure
and outcome ascertainment

One strength of this study includes the use of information on mater-

nal fever episodes collected twice during pregnancy, which minimized

the risk of recall bias and allowed us to examine exposure in early

and late pregnancy separately, although self-reported information on

fever may not be of optimal quality. One study observed that only 37%

of the patients reporting fever at the entrance of a hospital actually

did have fever defined as a temperature ≥38◦C measured by health

professionals.33 However, potentialmisclassification ismost likelynon-

differential, since birth and pregnancy outcomes were unknown to the

women at the time of reporting. Non-differential misclassification will

diminish the differences between groups and lead associations toward

the null. Nonetheless, we did not observe any associations for women

who measured the temperature of the fever episode, indicating that

it is unlikely that non-differential misclassification fully explains our

null findings. Although no associations between maternal fever and

male offspring reproductive health were found, it is important to note

that anypotential associations observedbetween fever andhealth out-

comes such as reproductive health, may not be due to fever itself, but

instead the underlying disease, for example, infections which often

induce fever.11,34 Since fever and infections are so closely linked and

we did not have objective information on infections we were unable to

isolate the effects of fever from those of infections or other underlying

diseases.

Regarding outcome ascertainment, a few methodological strengths

and limitations are to be noted. Two trained medical laboratory tech-

nicians blinded to the exposure status of the participants analyzed the

semen samples, thus limiting the risk of performance bias. Additionally,

we were able to adjust analyses for important factors that influence

the semen quality characteristics, for example, abstinence time and

spillage of the semen sample, the so-called precision variables. Due to

the day-to-day variation in semen characteristics, an additional semen

sample would have been preferable for amore accurate determination

of the individual men’s semen quality.35 However, it has been shown

that the use of only one semen sample does not introduce systematic

bias.36 Collection of only one sample per man was furthermore con-

sidered more cost-efficient than additional sampling from fewer men,

in studies on differences in average semen values between groups of

men.37 Compared to the youngmen from theWesternAustralianPreg-

nancy Cohort (Raine)38 and Danish military conscripts,39 the median

across all semenparameterswere a little lower for FEPOSparticipants.

The most pronounced differences between FEPOS participants and

conscripts were for semen volume and total sperm count which may

be due to longer ejaculatory abstinence among conscripts (median 2.5

days versus 2 days), who were rescheduled in case of non-compliance

with abstinence requirements whereas FEPOS participants could
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DORNFELDT ET AL. 533

TABLE 5 Negative binomial regression of temperature of fever during pregnancy and reproductive health parameters in 889 young adult men,
according to temperature in the episode of fever during pregnancywith the highest temperaturewith no fever in pregnancy as the reference group

<39◦C

(n= 79)

≥39◦C

(n= 54)

Reproductive health parameter n

No fever in

pregnancy

(n= 756) % (95%CI) % (95%CI)

Semen volume, ml 702 ref. 1 (−11, 14) −5 (−16, 7)

Sperm concentration, 106 per ml 845 ref. 14 (−10, 43) 2 (−17, 25)

Total sperm count, 106 702 ref. 12 (−8, 37) 1 (−20, 27)

Sperm progressivemotility, % 826 ref. −1 (−6, 4) 1 (−6, 8)

Sperm non−progressive and

immotile, %

826 ref. 2 (−6, 11) −1 (−12, 12)

Morphologically normal sperm, % 826 ref. 2 (−6, 11) 11 (−9, 34)

DNA fragmented spermatozoa, % 792 ref. −3 (−15, 10) 0 (−11, 12)

Testicular volume, ml 856 ref. −2 (−9, 6) −6 (−15, 3)

Testosterone, nmol/L 852 ref. −4 (−10, 3) 2 (−7, 12)

Calculated Free Testosterone,

pmol/L

852 ref. 0 (−6, 7) 4 (−4, 21)

Estradiol, pmol/L 852 ref. 5 (−7, 18) 3 (−9, 16)

Sexual Hormone Binding Globulin

(SHGB), nmol/L

852 ref. −7 (−12, 2) −3 (−13, 9)

Luteinizing Hormone (LH), UI/L 852 ref. 6 (−3, 15) 15 (−13, 52)

Follicle−Stimulating Hormone

(FSH), UI/L

852 ref. 3 (−10, 17) 24 (−27, 108)

All models are adjusted for maternal age at birth, family occupational status, and maternal smoking. All semen parameters were adjusted for abstinence

time and place of semen sample (Copenhagen/Aarhus). Analyses of sperm concentration, morphologically normal sperm, and proportion of DNA fragmented

spermatozoa are additionally adjusted for spillage. Analyses of progressivemotility additionally adjusted for the time fromejaculation to analysis. Analyses of

semen volume and total sperm count excluded if spillage. Blood sampling analyses were adjusted for the time of the day that the blood sample was collected.

UI/L: International units per liter.

proceed with the examination. The diurnal fluctuation of reproductive

hormones is well-known,40 and since blood samples were collected at

different h during the day, the measurements may vary accordingly.

We, however, minimized this potential bias by adjusting for the time of

day for the blood sample.

Antipyretics can be used to lower body temperature during febrile

episodes and antibiotics are used to treat underlying infections. Thus,

if hyperthermia and infections are detrimental to long-term repro-

ductive health in offspring, it is possible that mothers taking these

medicationswould have offspringwith better reproductive health out-

comes compared to sons of mothers who had a fever and did not

use antipyretics and/or antibiotics. On the other hand, both of these

medications have themselves been associated with poor reproductive

health outcomes in offspring when used during pregnancy.41–46 Sen-

sitivity analyses in which men were categorized according to their

mothers’ concurrent use of medications, showed higher total sperm

count and proportion of morphologically normal sperm among men,

whose mothers used antipyretics and/or antibiotics concurrent with

an episode of fever compared to men whose mothers did not have a

fever during pregnancy. We did not observe a correspondingly neg-

ative association for men, whose mothers did not use antipyretics

and/or antibiotics, compared to men unexposed to fever in utero. To

our knowledge there are no biologically plausible explanations for

why concurrent use of antipyretics and antibiotics should improve

reproductive health – we would only assume it to even out differ-

ences. For testicular volume, reproductive hormones, and all other

semen parameters, we did not observe any effect. We, therefore,

suspect these findings to be random and advise that they be inter-

preted with caution. Furthermore, while we matched information

on the pregnancy week of fever with pregnancy week for use of

antipyretics and/or antibiotics to determine concurrent use of medi-

cations we could not differentiate whether the medication was taken

because of the fever and/or the underlying infection or due to other

reasons.

4.3 Additional methodological considerations

The FEPOS cohort is the largest population-based cohort world-

wide with information on maternal exposures in utero and semen

and blood samples from young sons.17 Further, participants were

enrolled in the FEPOS cohort at a young age, limiting the likelihood

of self-selection into the cohort due to known or suspected fertility

problems.47–49 Yet, participation in the FEPOS cohort was relatively

low (19%). Earlier studies have indicated that pregnant women par-

ticipating in the DNBC were typically healthier and of higher social
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534 DORNFELDT ET AL.

status compared to non-participants,50 thus indicating that the young

men in FEPOS might also be healthier and of higher social sta-

tus. To account for non-participation, we applied selection weights

in all analyses, thus limiting some of the potential selection bias.

Lastly, an additional strength was the ability to control for poten-

tially important confounders such as maternal age and smoking, and

family occupational status, but we cannot exclude potential residual

confounding.

This study provided no strong evidence of associations between

fetal exposure to maternal fever during pregnancy and semen char-

acteristics, average testicular volume, and levels of reproductive

hormones in young adulthood. Nonetheless, due to self-reported

measures of fever and medication exposure, and the lack of similar

studies, we cannot exclude that gestational fever might impact male

reproductive health in the long term.
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