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Objective: To investigate the association between childhood body mass index (BMI), birth weight, and adulthood
BMI, and adult semen quality and level of reproductive hormones.

Design: Follow-up study.

Setting: From a pregnancy cohort established in 1984—1987.

Patient(s): 347 out of 5,109 sons were selected for a study conducted 2005 to 2006.

Intervention(s): Semen and blood samples were related to information on BMI in boys (5-8 years), birth weight,
and adult BMI.

Main Outcome Measure(s): Semen characteristics and reproductive hormones.

Resuli(s): Neither childhood BMI, birth weight, nor adulthood BMI were significantly associated with semen
quality. Men with the 33% highest childhood BMI had 15% lower sex hormone binding globulin, 8% lower tes-
tosterone, and 16% lower FSH than men with the 33% lowest childhood BMI. Men with high adulthood BMI
had 14% lower testosterone, 9% lower inhibin B, 31% lower sex hormone binding globulin, and 20% higher
estradiol than men with low adulthood BMI.

Conclusion(s): The results do not indicate an effect of childhood BMI, birth weight, or adult BMI on semen
quality, but the exposure contrast in our study was limited. The hormonal status was affected by adult BMI.

(Fertil Steril® 2010;94:610-8. ©2010 by American Society for Reproductive Medicine.)
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Overweight in adult men has in recent years been associated
with low semen quality (1-6), but not consistently (7-9), and
adult male obesity has also been linked to subfecundity, as
measured by a prolonged waiting time to pregnancy (10-12).
Overweight men have lower concentrations of testosterone,
sex hormone binding globulin (SHBG), and inhibin B, and
higher concentrations of estradiol, but unaffected or only
slightly lower concentrations of luteinizing hormone (LH)
and follicle-stimulating hormone (FSH) (1, 3, 7, 9, 13-15).

Birth weight was not associated with semen quality in two
studies (16, 17), but one study found low birth weight to be
associated with subsequent unexplained subfertility (18).
Results from a pilot study from our research group suggest
that high maternal prepregnant body mass index (BMI)
may be associated with low semen quality in the offspring
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(19), which could be because of a programming effect of
a higher prenatal level of estrogen that interferes with the de-
velopment of the fetal urogenital organs (20). Alternatively,
an accumulation of lipophilic persistent organochlorine pol-
lutants (POPs) in maternal adipose tissue may explain the as-
sociations. These environmental chemicals are found in both
maternal and fetal blood stream (21, 22) and some correlate
positively with BMI (2) and poor-semen quality (23, 24) in
adult men.

Sertoli cells in the testes proliferate during fetal and neona-
tal life and later—after a quiescent stage of several years—in
the peripubertal period (25), resulting in corresponding in-
creased levels of inhibin B, which reaches adult levels during
puberty (26). The final number of Sertoli cells is thus deter-
mined before adulthood, and the number of Sertoli cells de-
termines sperm production and correlates with inhibin B
concentrations (25). In a study of 48 prepubertal boys aged
5 to 9 years, inhibin B was found to be unaffected by obesity,
and the investigators suggest that the effect of obesity on in-
hibin B is established in puberty (14). Overweight in this
stage of life may therefore play a role in subsequent male
fecundity.

To the best of our knowledge, no studies have examined if
a boys’ BMI in childhood is associated with adult semen
quality and reproductive hormones. We hypothesize that
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childhood overweight is correlated with weight at puberty,
and that disruption of sex hormone regulation during that crit-
ical phase of development might result in reduced semen
quality in adult life. The aim of the present study was to
examine the association between BMI around 5 to 8 years
of age as well as birth weight and young adult BMI and se-
men quality and levels of reproductive hormones as young
adults. If higher estrogen levels are associated with poor se-
men quality, we would expect to find the lowest semen qual-
ity among men with the highest childhood BMI, the highest
birth weight, and the highest adult BML.

MATERIALS AND METHODS
Population

The study participants were sons of mothers recruited to the
Healthy Habits for Two cohort during their pregnancy from
April 1984 to April 1987 (27). The Healthy Habits for Two
study took place in two Danish municipalities (Aalborg and
Odense), and 11,980 women with singleton pregnancies
(>80% of all invited) participated. They provided informa-
tion on health-related characteristics and lifestyle factors dur-
ing pregnancy by filling out a self-administered questionnaire
handed out by the midwives around the 36th week of gesta-
tion and returned by mail in sealed envelopes to the Univer-
sity’s research department within a couple of weeks. Because
of no link between maternal and child cpr number (personal
identification number), there were only 11,144 children in the
database, and 5,717 of these were boys. Of these, only sons
who were alive, living in Denmark by December 2004, and
not researcher protected (i.e., names and addresses projected
against applications regarding scientific investigations: ap-
proximately 10%), were identified in the Danish Civil Regis-
tration System (N = 5,109).

Because the data collection was designed for a study on the
association between prenatal smoking exposure and adult se-
men quality (28), the participants were selected according to
levels of maternal smoking during pregnancy and without
knowing anything about their sons’ semen quality. Letters
of invitation were sent consecutively, and the oldest and those
living close to either Aalborg (north of Jutland) or Odense
(Funen) had priority, starting at the city centres and up to ap-
proximately 30 km from the centers. Having a limited num-
ber of men heavily exposed to prenatal tobacco smoke
resulted in use of an expanded geographic area for this group.
Additionally, men whose mothers had reported information
on health-related issues from childhood to adolescence by
means of a self-administered questionnaire when the sons
were 16 to 19 years of age were given priority. A total of
716 men were invited to take part in the study, and 347
(48.5%) gave consent and participated. Of 100 men who de-
clined participation by mail or telephone, 82 provided some
information on their health.

Information on height and weight around 5 to 8 years of
age, from which we calculated the men’s prepubertal BMI,
was measured and filled out by the school nurses and stored
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at the schools. Data on prepubertal BMI was available for 260
(75%) men. Information on birth weight was obtained from
birth reports filled in by midwifes, and information on adult
BMI was based on self-reported height and weight from the
time of collection of semen and blood samples. Data on birth
weight and adult BMI was available for all 347 participants.

The selected participants were 18 to 21 years of age and re-
ceived an economic compensation (about 85 USD) for re-
sponding to the questionnaires and providing a semen and
a blood sample. Men with severe handicaps or congenital
syndromes, such as spastic paraplegia or Down’s syndrome,
as well as men with metabolic diseases or psychiatric disor-
ders, were not included in the study. The study was approved
by the regional ethics committee (registration number
20040174), and participation was conditional on written
informed consent.

Data Collection

Data were collected from February 2005 through January
2006. The participants were instructed to provide a semen
sample by masturbating into a plastic container at home after
at least 48 hours of sexual abstinence. The container was then
to be kept close to the body during transportation to the mo-
bile laboratory to avoid cooling, and a trained medical labo-
ratory technician performed the initial semen analysis. Blood
samples were taken between 7:25 a.m. and 7:15 p.m. (median
time, 1:05 p.m.). The participants completed questionnaires
on their reproductive experience, medical and lifestyle fac-
tors, including current height and weigh, time and date of
the preceding ejaculation, and spillage during sample collec-
tion. Furthermore, the participants gave information on
which school(s), they had attended.

Exposure Assessment

Prepubertal and adult BMI was calculated as weight in kilo-
grams divided by height in meters squared. All three mea-
sures of exposure, that is, birth weight, prepubertal BMI,
and adult BMI, were categorized using tertiles, resulting in
three approximately equally sized groups (“low,” “medium,”
and “high”) for each exposure variable.

Semen Analysis

Semen analyses were performed blinded to any prenatal con-
ditions, birth weight, and prepubertal BMI. Semen volume
was measured by its weight (1 g = 1 mL). Sperm motility
and sperm concentration were assessed as described in the
World Health Organization’s WHO Laboratory Manual for
the Examination of Human Semen and Sperm-Cervical Mu-
cus Interaction (29). Examination of 82.0% of the samples
was initiated within the first hour where motility is consid-
ered stable (30), and examination of 99.7% of the samples
was initiated within 2 hours. Sperm morphology was deter-
mined using the strict criteria of Kruger et al. (31). Our lab-
oratory took part in the European Society for Human
Reproduction and Embryology Nordic external quality



control program, and all control tests were within the limits
set by this organization.

Analysis of Serum Samples

After centrifugation, serum was stored at —80°C for a maxi-
mum of 16.5 months until analyzed. Serum samples for tes-
tosterone, estradiol, FSH, and LH were analyzed by Avida
Centaur (Bayer Healthcare, Leverkusen, Germany). The
SHBG concentrations were determined using IMMULITE
(DPC, Koege, Denmark), and inhibin B was measured by
a commercially available enzyme-linked immunosorbent as-
say (Oxford Bio-Innovation Ltd., Oxford, UK) according to
the manufacturer’s instructions. The blood samples were an-
alyzed blinded to birth weight, prepubertal and adult BMI as
single measurements in random order over a short period of
time. The detection limits and total (intraassay and interas-
say) coefficients of variation for the immunoassays were as
follows: testosterone: 0.35-52.1 nmol/L, <7.7%, estradiol:
25.7-3,670 pmol/L, <12.4%, inhibin B: 15.0-1,000 pg/mL,
<7%, FSH: 0.3-200 IU/L, <4.0%, LH: 0.07-200 IU/L,
<3.9%, SHBG: 0.02-180 nmol/L, <6.7%. In two samples,
the concentration of inhibin B was below the detections limit
for the specific assay (15.0 pg/mL); therefore, the concentra-
tion was arbitrarily set to 14.0 pg/mL before statistical anal-
yses were performed.

The inhibin B samples were analyzed at the Laboratory of
Reproductive Biology, University Hospital of Copenhagen,
Denmark, and all other samples were analyzed at Department
of Clinical Chemistry, Aarhus University Hospital, Denmark.

Statistical Analysis

Crude median, 25th, and 75th percentiles were calculated for
all outcome variables. For each of the outcome variables, we
performed multiple linear regressions with birth weight, pre-
pubertal, and adult BMI as the main determinants. Low birth
weight/BMI was considered the reference category. When we
tested for trend, birth weight/BMI group was entered as a con-
tinuous explanatory variable, using low birth weight/BMI as
a starting point.

Data on all outcome variables, with the exception of per-
centages of motile sperm and inhibin B, were cubic root
transformed to obtain an approximate normal distribution
of residuals. Data on percentage of motile sperm were logit
transformed. In this article, back-transformed means are pre-
sented with 95% confidence intervals. Results were adjusted
for season (summer/winter), history of diseases of the repro-
ductive organs (cryptorchidism, hypospadias, varicocele, hy-
drocele, orchitis, and chlamydia combined into one variable,
present or not present), smoking (yes/no) and maternal smok-
ing during pregnancy (0, 1-9, 10+ cigarettes/day). The se-
men outcome variables were additionally adjusted for
abstinence time (<48 hours, 49 hours-5 days, >5 days)
and spillage during collection of the sample (yes, no). Data
on participants who reported spillage during masturbation
(n = 88), however, were excluded from all statistical analysis
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on semen volume and total sperm count. The results on mo-
tility were also adjusted for time from ejaculation to analysis
(continuous, in minutes). The blood sample outcome vari-
ables were, in addition to season, diseases of the reproductive
organs, and own and maternal smoking, also adjusted for time
of day of blood sampling (6:00 a.m. to 8.59 a.m., 9:00 a.m. to
12:00 noon, after 12:00 noon).

All statistics were performed by using Intercooled Stata 9
software (Stata Corporation, College Station, TX). A two-
tailed P value of < .05 was considered statistically significant.

RESULTS

The median birth weight among the 347 participants was 3450
(range: 1,710-5,200) g and eight men had a birth weight
below 2,500 g. The median prepubertal BMI was 15.7 (range:
12.9-22.6) kg/m?, and the median adult BMI was 22.7 (range:
16.8-38.4) kg/mz. Respectively, 11 (3%), 252 (73%), 63
(18%), and 21 (6%) men were underweight, normal weight,
overweight, and obese according to the criteria for adults
used by the World Health Organization; underweight: BMI
<18.50 kg/m?, normal weight: BMI 18.50-24.99 kg/m?,
overweight: BMI 25.00-29.99 kg/m® and obese: BMI
>30.00 kg/m?* (32).

There was no significant correlation between birth weight
and prepubertal BMI (r = .09, p = .17) or between birth
weight and adult BMI (r = .03, p = .57). There was, however,
correlation between prepubertal and early adult BMI (r =
0.54, p < .001).

Birth weight was not significantly associated with semen
quality or hormonal levels, as presented in Table 1. There
were no trends of decreasing or increasing semen quality or
hormonal levels with increasing birth weight.

As displayed in Table 2, no trends between prepubertal
BMI and adult semen characteristics were observed. There
was, however, a trend of decreasing SHBG concentrations
with increasing prepubertal BMI (P=.005), and men with
a high prepubertal BMI had approximately 15% lower
SHBG concentrations than men with a low prepubertal
BMI (P=.005). In addition, there was a tendency of decreas-
ing adult testosterone and LH with increasing prepubertal
BMI, men with a high prepubertal BMI having approxi-
mately 8% lower testosterone (P=.09) and 16% lower FSH
(P=.12) than men with a low prepubertal BMI, but neither
the trends nor the differences were statistically significant.

Adult BMI was not significantly associated with semen
quality, as shown in Table 3, but was associated with levels
of productive hormones. Testosterone, inhibin B and SHBG
decreased with increasing adult BMI, and men with a high
BMI had approximately 14% lower testosterone (P=.001),
9% lower inhibin B (P=.03), and 31% lower SHBG
(P<.001) than men with a low adult BMI. Estradiol increased
with increasing adult BMI, and men with a high BMI had ap-
proximately 20% higher estradiol than men with a low BMI
(P=.005).
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TABLE 1

Semen and hormonal characteristics for 347 Danish young men stratified on tertiles of birthweight.

Birthweight (g)

Low bw Medium bw High bw Test for trend @
(1,710-3,250 g) (3,300-3,650 g) (3,658-5,200 g) -
Parameter (n = 116) (n = 120) (n=111) P value
Sperm concentration (millions/mL)
Median (p25, 75) 40 (21, 77) 48 (23, 95) 37 (18, 85) .95
Adjusted back-transformed 56 (41, 74) 65 (49, 85) 52 (38, 68) .60
mean (95% Cl) °
Semen volume (mL)
Median (p25, 75) 2.6 (2.0, 3.9) 3.0 (2.1, 3.8) 3.1 (2.3, 4.1) .06
Adjusted back-transformed 3.5 (3.0, 4.0) 3.5(3.1, 4.0) 3.8 (3.3, 4.3) .15
mean (95% Cl) ©
Sperm total count (millions)
Median (p25, 75) 103 (37, 248) 119 (60, 277) 147 (48, 301) .31
Adjusted back-transformed 190 (134, 260) 213 (155, 283) 191 (136, 259) .97
mean (95% ClI) ©
Percent normal morphology sperm
Median (p25, 75) 0 (3.0, 8.0) 6.0 (3.0, 8.0) 6.0 (3.0, 9.5) .49
Adjusted back-transformed 5.1 (3.9, 6.6) 5.3 (4.0, 6.8) 5.1 (3.9, 6.6) .95
mean (95% Cl) ©
Percent motile sperm
Median (p25, 75) 69 (62, 77) 71 (61, 77) 70 (61, 77) .44
Adjusted back-transformed 70 (61, 77) 71 (63, 78) 69 (61, 77) 91
mean (95% ClI) ©
Testosterone (nmol/L)
Median (p25-75) 17.3 (13.4, 20.2) 16.9 (13.6, 20.7) 16.2 (13.3, 19.2) .29
Adjusted back-transformed 18.8 (16.9, 20.9) 18.9 (17.0, 21.0) 18.5 (16.6, 20.5) .66
mean (95% ClI) °
Estradiol (nmol/L)
Median (p25-75) 0.10 (0.07, 0.13) 0.10 (0.08, 0.13) 0.09 (0.07, 0.12) .26
Adjusted back-transformed 0.11(0.10, 0.13) 0.11(0.10, 0.13) 0.10 (0.09, 0.12) A7
mean (95% ClI) °
SHBG (nmol/L)
Median (p25-75) 24.9 (19.2, 33.3) 24.5 (18.4, 32.8) 27.1 (21.0, 35.5) 12
Adjusted back-transformed 28.0 (24.7, 31.7) 27.6 (24.3, 31.2) 29.8 (26.4, 33.5) .22
mean (95% ClI) °
FSH (IU/L)
Median (p25-75) 2.9(2.2,4.2) 3.0(2.1,4.2) 2.9 (2.0, 4.5) .93
Adjussted back-transformed 3.0(2.4,3.7) 3.0 (2.4, 3.7) 3.3 (2.6, 4.0) .28
mean (95% ClI) °
LH (IU/L)
Median (p25-75) 4.3 (3.4,5.5) 4.1 (3.2,5.3) 4.5 (3.3, 5.6) .98
Adjusted back-transformed 4.6 (3.9,5.2) 4.6 (3.9, 5.3) 4.7 (4.0, 5.4) .69
mean (95% ClI) °
Inhibin B (ng/mL)
Median (p25-75) 153 (120, 184) 151 (111, 181) 155 (115, 185) .89
Adjusted mean (95% Cl) ° 188 (166, 209) 176 (154, 197) 182 (161, 203) .48

Note: SD = standard deviation; p = percentile; Cl = confidence interval; bw = birthweight.
2 Trends were tested by Spearman’s rank correlation test (medians) and multiple linear regression (means), with low birth-

weight as the starting point.

b Back-transformed means were adjusted for season (summer/winter), history of diseases of the reproductive organs
(present, not present), smoking (yes/no), and maternal smoking during pregnancy (0, 1-9, 10+ cigarettes/day). The se-
men outcome variables were additionally adjusted for abstinence time (<48 hours, 49 hours-5 days, >5 days) and spill-
age during collection of the sample (yes, no). Participants who reported spillage during collection (n = 88) were excluded
from all statistical analysis of semen volume and total sperm count. The results for motility were also adjusted for minutes
from ejaculation to analysis (continuous). The blood sample outcome variables were additionally adjusted for time of day
of blood sampling (6:00 a.m. to 8.59 a.m., 9:00 a.m. to 12:00 noon, or later than 12:00 noon). Sampling between October
and March, no history of diseases of the reproductive organs, no smoking, no maternal smoking during pregnancy, 48
hours-5 days of abstinence, no spillage, and blood sampling between 9:00 a.m. and 12:00 noon were chosen as the

reference categories.
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at the age of 5-8 years.

TABLE 2

Semen and hormonal characteristics for 260 Danish young men stratified on tertiles of prepubertal BMI

Prepubertal BMI (kg/m?)

Low BMI Medium BMI High BMI Test for trend
(12.8522-15.2348 (15.2355-16.1941 (16.2174-22.5851 —_—
Parameter kg/m?) (n = 86) kg/m?) (n = 88) kg/m?) (n = 86) P value
Sperm concentration (millions/mL)
Median (p25, 75) 36 (18, 79) 40 (21, 72) 42 (21, 100) .63
Adjusted back-transformed 50 (34, 71) 46 (31, 64) 54 (37, 74) .67
mean (95% Cl) ®
Semen volume (mL)
Median (p25, 75) 2.8 (2.3, 3.6) 3.1(1.8,4.2) 3.0 (2.2, 4.0) .82
Adjusted back-transformed 3.8(3.2,4.4) 3.8(3.2,4.4) 3.7(3.1,4.3 .64
mean (95% Cl) ©
Sperm total count (millions)
Median (p25, 75) 103 (49, 228) 132 (41, 291) 143 (58, 265) .37
Adjusted back-transformed 158 (102, 232) 168 (110, 242) 186 (124, 266) .37
mean (95% CI) ®
Percent normal morphology sperm
Median (p25, 75) 5.0 (3.0, 7.5) 5.5 (2.5, 8.5) 6.0 (3.0, 9.8) 22
Adjusted back-transformed 4.4 (3.2, 5.9) 4.3 (3.1, 5.8) 5.1 (3.8,6.7) .29
mean (95% Cl) ©
Percent motile sperm
Median (p25, 75) 70 (63, 77) 66 (61, 75) 71 (62, 77) .93
Adjusted back-transformed 70 (59, 80) 68 (57, 78) 68 (56, 77) 41
mean (95% Cl) °
Testosterone (nmol/L)
Median (p25-75) 17.1 (13.6, 19.9) 16.2 (13.3, 20.0) 16.1 (13.0, 19.5) .24
Adjusted back-transformed 19.4 (17.2, 21.9) 18.7 (16.6, 21.0) 17.9 (15.9, 20.1) .09
mean (95% Cl) ©
Estradiol (nmol/L)
Median (p25-75) 0.09 (0.07, 0.12) 0.10 (0.08, 0.12) 0.10 (0.07, 0.12) 41
Adjusted back-transformed 0.11 (0.09, 0.13) 0.11 (0.10, 0.13) 0.11 (0.09, 0.13) .73
mean (95% Cl) ®
SHBG (nmol/L)
Median (p25-75) 28.3 (21.2, 35.0) 26.0 (19.3, 34.0) 23.9 (16.5, 30.8) .006
Adjusted back-transformed 30.8 (26.7, 35.4) 28.8 (25.0, 33.0) 26.2 (22.6, 30.1) © .005
mean (95% Cl) ©
FSH (IU/L)
Median (p25-75) 3.1 (2.2, 4.5) 3.1(2.2,4.5 2.7 (2.0, 3.5) .03
Adjussted back-transformed 3.1(2.4,3.8) 2.9(2.2, 3.6 2.6 (2.0, 3.3 12
mean (95% Cl) ©
LH (IU/L)
Median (p25-75) 4.2 (3.4,5.4) 4.5(3.4,5.5 4.0 (3.2, 4.9) .37
Adjusted back-transformed 4.4 (3.7,5.1) 4.7 (4.0,5.4 4.3 (8.7, 5.0) .73
mean (95% Cl) ®
Inhibin B (ng/mL)
Median (p25-75) 156 (110, 188) 148 (110, 183) 154 (115, 190) .86
Adjusted mean (95% Cl) ° 184 (159, 209) 186 (162, 211) 182 (157, 206) .83

Note: SD = standard deviation; p = percentile; Cl = confidence interval; BMI = body mass index.

@ Trends were tested by Spearman’s rank correlation test (medians) and multiple linear regression (means), with low BMlI as

the starting point.

P Back-transformed means were adjusted for season (summer/winter), history of diseases of the reproductive organs
(present, not present), smoking (yes/no), and maternal smoking during pregnancy (0, 1-9, 10+ cigarettes/day). The se-
men outcome variables were additionally adjusted for abstinence time (<48 hours, 49 hours-5 days, >5 days) and spill-
age during collection of the sample (yes, no). Participants who reported spillage during collection (n = 68) were excluded
from all statistical analysis of semen volume and total sperm count. The results for motility were also adjusted for minutes
from ejaculation to analysis (continuous). The blood sample outcome variables were additionally adjusted for time of day
of blood sampling (6:00 a.m. to 8.59 a.m., 9:00 a.m. to 12:00 noon, or later than 12:00 noon). Sampling between October
and March, no history of diseases of the reproductive organs, no smoking, no maternal smoking during pregnancy, 48
hours-5 days of abstinence, no spillage, and blood sampling between 9:00 a.m. and 12:00 noon were chosen as the

reference categories.

¢ Statistically significant lower/higher than among men with the lowest prepubertal BMI (P<.05).
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TABLE 3

Semen and hormonal characteristics for 347 Danish young men stratified on tertiles of present, adult
BMlI.

Adult BMI (kg/m?)

Low BMI Medium BMI High BMI Test for trend
(16.7968-21.5560 (21.5562-24.0317 (24.0741-38.3761 _—
Parameter kg/m?) (n = 116) kg/m?) (n = 114) kg/m?) (n = 117) P value
Sperm concentration (millions/mL)
Median (p25, 75) 38 (17, 88) 39 (20, 78) 44 (22, 93) .48
Adjusted back-transformed 57 (42, 74) 55 (41, 73) 61 (45, 80) .59
mean (95% Cl) ®
Semen volume (mL)
Median (p25, 75) 2.8(2.2,3.9) 3.1(2.4,4.2) 2.7(1.9,3.7) 44
Adjusted back-transformed 3.5(3.1, 4.0 3.8(3.3,4.4) 3.4 (2.9, 3.9 .68
mean (95% Cl) ©
Sperm total count (millions)
Median (p25, 75) 121 (42, 273) 115 (58, 275) 127 (49, 265) .98
Adjusted back-transformed 193 (138, 260) 198 (143, 266) 209 (148, 284) .58
mean (95% Cl) ®
Percent normal morphology sperm
Median (p25, 75) 5.5 (3.3, 8.8) 5.0 (3.0, 8.0) 5.5 (3.0, 8.5) .75
Adjusted back-transformed 5.5 (4.2, 7.0) 4.8 (3.6, 6.2) 5.3 (4.0, 6.8) .73
mean (95% Cl) ©
Percent motile sperm
Median (p25, 75) 71 (63, 79) 69 (61, 76) 71 (60, 77) .25
Adjusted back-transformed 73 (64, 80) 71 (63, 78) 68 (60, 75) .06
mean (95% Cl) °
Testosterone (nmol/L)
Median (p25-75) 17.9 (15.2, 20.9) 16.8 (14.2, 20.2) 15.9 (12.0, 18.7) <.001
Adjusted back-transformed 19.7 (17.7, 21.7) 19.0 (17.1, 20.9) 17.0 (15.2, 19.0) © .001
mean (95% Cl) ©
Estradiol (hmol/L)
Median (p25-75) 0.09 (0.07, 0.12) 0.10 (0.08, 0.12) 0.11 (0.08, 0.14) .005
Adjusted back-transformed 0.10 (0.09, 0.12) 0.11 (0.09, 0.12) 0.12 (0.10, 0.14) © .005
mean (95% Cl) ®
SHBG (nmol/L)
Median (p25-75) 31.9 (23.9, 37.7) 25.5 (30.3, 32.9) 20.2 (16.8, 27.5) <.001
Adjusted back-transformed 33.3(29.9, 36.9) 28.2 (25.1,31.4) © 23.0 (22.2, 26.0) © <.001
mean (95% Cl) ©
FSH (IU/L)
Median (p25-75) 3.1(2.3,4.5) 3.1(2.2,4.4) 2.8(1.9,3.8) .02
Adjussted back-transformed 3.3(2.7,4.1) 3.0(2.4,3.7) 2.9(2.3,3.6) .09
mean (95% Cl) ©
LH (IU/L)
Median (p25-75) 4.2 (3.1,5.5) 4.5 (3.5,5.4) 4.1(3.2,5.4) .81
Adjusted back-transformed 4.5(3.9,5.2) 4.6 (4.0,5.3) 4.7 (4.0,5.4) .54
mean (95% CI) ®
Inhibin B (ng/mL)
Median (p25-75) 164 (133, 200) 151 (110, 178) 137 (107, 178) .003
Adjusted mean (95% Cl) ° 191 (170, 212) 179 (158, 200) 173 (151, 194) © .02

Note: SD = standard deviation; p = percentile; Cl = confidence interval; BMI = body mass index.

@ Trends were tested by Spearman’s rank correlation test (medians) and multiple linear regression (means), with low BMlI as
the starting point.

P Back-transformed means were adjusted for season (summer/winter), history of diseases of the reproductive organs
(present, not present), smoking (yes/no), and maternal smoking during pregnancy (0, 1-9, 10+ cigarettes/day). The se-
men outcome variables were additionally adjusted for abstinence time (<48 hours, 49 hours-5 days, >5 days) and spill-
age during collection of the sample (yes, no). Participants who reported spillage during collection (n = 88) were excluded
from all statistical analysis of semen volume and total sperm count. The results for motility were also adjusted for minutes
from ejaculation to analysis (continuous). The blood sample outcome variables were additionally adjusted for time of day
of blood sampling (6:00 a.m. to 8.59 a.m., 9:00 a.m. to 12:00 noon, or later than 12:00 noon). Sampling between October
and March, no history of diseases of the reproductive organs, no smoking, no maternal smoking during pregnancy, 48
hours-5 days of abstinence, no spillage, and blood sampling between 9:00 a.m. and 12:00 noon were chosen as the
reference categories.

¢ Statistically significant lower/higher than among men with the lowest adult BMI (P<.05).
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Because changes in growth over time has been related to
insulin resistance and higher risk of diabetes, we examined
if participants, who changed rank in birth weight and BMI be-
tween the different time periods and found no correlation to
sperm concentration, as given in Figure 1.

DISCUSSION

Our prediction of poorest semen quality among men with
high birth weight and high BMI in childhood and early adult-
hood was not seen. The results indicated no obvious effect of
body fat between 5 and 8 years of age and semen quality in
young adult life, but the serum concentration of SHBG—
and to some extend also the concentrations of testosterone
and LH—decreased with increasing BMI. BMI before pu-
berty may therefore impact later reproductive function, but
prepubertal and adult BMI were highly correlated. The
finding may thus reflect an effect of adult BMI rather than
an effect of childhood BMI.

In our study, birth weight was not associated with future se-
men quality or level of reproductive hormones, which is in
accordance with previous results (16, 17). Our findings indi-
cate that fetal growth restriction, for example, as a conse-
quence of poor nutrition or exposure to environmental
chemicals, is not strongly, and perhaps not at all, correlated

same rank at birth as in childhood/adulthood.
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with later poor reproductive function. Prenatal exposure to
POPs has been associated with reduced birth weight in the
children (33), and in men, increasing concentrations of
POPs have been related to lower sperm motility, but not
sperm concentration or morphology (24).

As expected, adult BMI was dose dependently associated
with the levels of reproductive hormones, a finding that has
been observed in several studies (1, 3,7, 9, 13—-15). However,
we did not find any significant association between adult BMI
and semen quality, which was not expected, because over-
weight previously has been associated with low semen qual-
ity (1-6). Three other studies, however, have reported no
significant associations (7-9).

Obesity in adult men suppresses the gonadotropin releas-
ing hormone (GnRH)-LH/FSH pulse and thereby the Leydig
and Sertoli cell function (13). The Leydig cells produce an-
drogens, which are important for production and maturation
of sperm (34). A balanced testosterone/estrogen ratio is im-
portant for spermatogenesis (35), and it is found to be nega-
tively correlated with BMI (36).

A certain amount of hormones produced by body fat is es-
sential for onset of puberty (37), and overweight in boys has
been related to early sexual maturation by some (38—40), but
not all (41). A high BMI in adolescence was found associated

FIGURE 1

Changes in birth weight rank to childhood BMI rank (left, n = 260) and adulthood BMI rank (right, n = 347).2 2 The
lowest weight/BMI was given the lowest rank, resulting in a large negative change in rank, if a man had a low birth
weight and a high BMI in childhood/adulthood. Likewise, a large positive change in rank indicates a man with

a high birth weight and a low BMI in childhood/adulthood. Changes in rank around zero indicate approximately
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with a lower number of children later in life, which could
have several causes, including poor semen quality (42).

Only few participants were underweight or obese as adults,
and therefore, it was not meaningful to apply the traditionally
used WHO limits to set our exposure groups. Likewise, only
eight men had a birth weight below 2,500 g, so it was not pos-
sible to use this limit with regard to birth weight classifica-
tion. Therefore, we decided to categorize all exposures
using tertiles to have three equally sized groups and the abil-
ity to check for dose-response relations. However, we also
did dichotomize the three exposure (low vs. high birth
weight/BMI), using the median values and calculated the
odds ratios for oligospermia (sperm concentration below 20
millions/mL) in the eight different possible combinations of
these measures, but some of the strata became very thin
(only 16 men had, e.g., low birth weight, high prepubertal
BMI, and low adult BMI), and the results did not reveal
any trends or especially vulnerable groups.

Strengths of our follow-up study include use of data col-
lected by the midwifes (birth) and school nurses (5-8 years
of age), and risk of differential misclassification of these ex-
posure variables is limited. Information on adult height and
weight was provided by the participating men themselves
through a self-completed questionnaire filled out at time of
delivering the semen and blood sample, and we expect
some misclassification that may be randomly distributed.
The sons were not informed about the hypothesis, we exam-
ined in the study.

The participation rate was 48.5%; high for semen quality
studies but not high enough to eliminate the risk of selection
bias. To cause bias away from the null, selection has to be re-
lated to both semen quality and birth weight/BMI (childhood
and adult), and the participation rate of men with both poor
semen quality and a high birth weight/BMI must be higher.
The source population was young, most had no reproductive
experience, and they were not aware of the hypothesis eval-
uated, which reduces, but do not eliminate, the risk of selec-
tion bias. We compared participants and nonparticipants who
completed a small questionnaire on health (n = 82) and found
no difference in the proportion of men with diseases of the re-
productive organs (including cryptorchidism and hypospa-
dias).

Semen data are subject to both biologic variation and mea-
surement errors. These misclassification is most likely ran-
dom and may probably have attenuated weak associations
to a level where they cannot be detected. It is likely that there
are some association between the anthropometric measures
and semen quality. The participants were born between
1984 and 1987, were between 5 and 8 years from late
1980s to mid-1990s, and between 18 and 21 years in 2005
to 2006 at the data collection. Because of the growing number
of overweight and obese children and adolescents in Den-
mark (43), we will expect that an increasing proportion of
boys born later will be overweight or obese during their child-
hood and young adult life, and the obese will be obese to
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a higher degree. We cannot conclude that the results found
in this study with relatively few overweight and obese
boys/men will apply to other generations or populations.

We controlled for abstinence time, diseases of the repro-
ductive organs, time of day of blood sampling, maternal
smoking during pregnancy, and a number of other potential
confounders. Still, residual confounding or confounding by
other unknown factors cannot be ruled out.

In conclusion, the results found in this study do not indi-
cate any strong detrimental effect of high childhood BMI,
high birth weight, or high young adult BMI on semen quality
or changes in these values, indicating that homeostatic mech-
anisms perhaps are sufficient strong to protect pubertal go-
nadal development from BMI-related changes of levels of
reproductive hormones. The exposure contrast in our study
was restricted, however, and we have limited power to detect
small associations. A high prepubertal BMI was to some
extend associated with lower adult levels of SHBG, testoster-
one, and FSH, but current, adult BMI had the most profound
impact on levels of reproductive hormones. Birth weight was
not significantly associated with adult levels of reproductive
hormones.
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