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As the age of paternity rises in the developed world, issues of chronic disease may affect prospective fathers. Given the high 

prevalence of hypertension, researchers have begun to explore the relationship between hypertensive disease and male fertility. 

The current literature suggests an association between hypertension and semen quality. The use of various antihypertensive 

medications has also been linked to impaired semen parameters, making it difficult to discern whether the association exists with 

hypertension or its treatment. Further investigation is warranted to determine whether the observed associations are causal.
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INTRODUCTION

The average age of paternity is rising in America. Data 
from the Centers for Disease Control have shown that the 
birth rate for fathers from ages 25 to 29 years decreased 
15%, while the birthrate for fathers from ages 35 to 39 
years increased by 18% from 2000 to 2013 [1]. Importantly, 
as men age, they are more prone to develop chronic 
illnesses. Considering the link between several medical 
diseases and impaired semen quality [2], it is important to 
investigate the potential impact of chronic illness on male 
fertility.

Hypertension is the most common chronic illness re-
ported among men in the USA, affecting 30% of adult 
males [3]. Not surprisingly, the use of prescription anti-
hypertensive medications is also common. Antihypertensive 
medications lead all other categories in annual pre-

scriptions, with 705 million prescriptions dispensed in 
2014 [4]. Despite this, the relationship between hyper-
tension and male fertility has received limited attention. 

The prior literature has posited a link between the in-
fertility and the metabolic syndrome, a cluster of con-
ditions including insulin insensitivity, obesity, hyper-
lipidemia, and hypertension. For example, several groups 
have highlighted a collection of studies that suggested an 
association between infertility and obesity/high body 
mass index, diabetes, and dyslipidemia [5-8]. Ventimiglia 
et al [9] explored the association between medical co-
morbidity and semen quality, reporting an inverse rela-
tionship and implying that metabolic syndrome had a neg-
ative impact on reproductive health. Nevertheless, the lit-
erature regarding hypertension in isolation, or its treat-
ment, is limited. 
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HYPERTENSION AND CURRENT 
SEMEN QUALITY

Rare studies have linked hypertension to some aspects 
of sperm physiology. A Brazilian group employed a rat 
model for renovascular hypertension to demonstrate de-
creased sexual behavior and impaired spermatogenesis, 
which they attributed to imbalances in prolactin, testoster-
one and follicle stimulating hormone [10]. In addition, an 
Italian group found higher levels of clusterin, a glyco-
protein associated with abnormal sperm morphology, in a 
small cohort hypertensive men compared to normo-
tensive men [11]. These studies were small in scale and ex-
ploratory in nature. 

We utilized the Stanford Infertility data to investigate 
the association between hypertension and semen quality. 
The study cohort consists of men who were evaluated for 
infertility as part of an infertile couple between 1994 and 
2011 at the Stanford Reproductive Endocrinology and 
Infertility Center. This center evaluates and treats infertile 
couples with both male and female infertility. The labo-
ratory performs a high volume of semen analyses for fertil-
ity evaluation and sperm preparations for use with assisted 
reproductive techniques. Men evaluated for infertility 
were self-referred, or were referred by an internist, gyne-
cologist, urologist, or reproductive endocrinologist. The 
methods used for analysis of semen (sperm concentration, 
motility, volume, morphology) have been previously de-
scribed [12-14]. 

After receiving approval from the Institutional Review 
Board, the assembled cohort was linked to insurance 
claims and electronic medical record data for each patient 
using unique medical record numbers. We collected data 
including medical diagnoses (International Classification 
of Disease, 9th edition, ICD-9), procedures (Current 
Procedural Terminology, CPT), and medications prescribed. 
Complete medication data were available beginning in 
2008. For antihypertensive medications, we classified 
them into five categories: beta beta-blockers, calcium 
channel blockers, angiotensin-converting enzyme in-
hibitors (ACEIs), angiotensin receptor blockers, and 
diuretics. 

Men with an ICD-9 code between 401.0 and 405.9 
were considered to have a diagnosis of hypertension. To 

capture prevalent disease, only men who were diagnosed 
with hypertension prior to or within one year after semen 
analysis were included. Abnormal semen parameters 
were defined based on the World Health Organization 
(WHO) 5th edition of the Manual on Semen Analyses (i.e., 
subfertile values: semen volume ＜1.5 mL, sperm concen-
tration ＜15 mol/mL, sperm motility ＜40%, sperm mor-
phology ＜14% normal forms) [14]. Antihypertensive 
medications were only included if taken in the year prior 
to the semen analysis.

To compare men with hypertension and those without, 
we used the Wilcoxon rank-sum test for age, and 
chi-square for age group and year of evaluation. Semen 
tests were analyzed in a mixed effect linear model with re-
peated measures. All semen tests were square-root-trans-
formed per convention for the analyses given their non- 
Gaussian distribution. The percentage of men with Subop-
timal Semen Parameters according to WHO 5th edition 
criteria were analyzed using a generalized linear mixed 
model with repeated measures. The tests were adjusted 
for patient age and the year of fertility evaluation. For the 
comparisons between men who took diuretics and those 
who did not, the Wilcoxon rank-sum test was also applied 
due to their limited number. All p-values were two-sided, 
with p＜0.05 considered statistically significant. Analyses 
were performed using SAS ver. 9.3 (SAS Institute, Cary, 
NC, USA).

Men with hypertension were found to be more likely to 
have one or more semen abnormalities compared to nor-
motensive men [2]. Moreover, compared to men without 
hypertension, men diagnosed with hypertension demon-
strated impaired semen parameters [15]. Hypertensive 
men had a lower semen volume (2.1 mL vs. 3.0 mL, p＜ 

0.001), sperm motility (41.0% vs. 47.0%, p=0.008), total 
sperm count (103.8 vs. 147.0, p=0.005) and total motile 
sperm count (43.1 vs. 65.9, p=0.003). When stratifying 
men by WHO (5th edition) semen quality criteria, a higher 
prevalence of men with hypertension had subfertile se-
men volume (18.1% vs. 10.0%, p=0.03), sperm concen-
tration (19.4% vs. 12.2%, p=0.02), and total motile sperm 
count (25.8% vs. 15.5%, p=0.01). There were also trends 
toward suboptimal motility and total motile count in men 
with hypertension, but these were not statistically sig-
nificant (Table 1).
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Table 1. Comparison of men with hypertension and men without hypertension, according to absolute semen parameters and 
World Health Organization (WHO) 5th criteria suboptimal semen parametersa

Variable Men with hypertension Men without hypertension p-valueb

Absolute semen parameter
  Semen volume (mL) 2.1 (1.5∼3.0) 3.0 (2.0∼4.0) ＜0.001
  Sperm concentration (mol/mL) 45.9 (20.9∼87.7) 53.5 (27.4∼93.0) 0.19
  Motility (%) 41.0 (19.0∼59.0) 47.0 (28.0∼64.0) 0.008
  Total count 103.8 (42.8∼208.7) 147.0 (67.2∼269.4) 0.005
  Total motile count 43.1 (8.3∼106.9) 65.9 (19.8∼154.8) 0.003
  Morphology (% normal forms) 9.0 (6.0∼14.0) 9.0 (6.0∼14.0) 0.667
WHO 5th criteria suboptimal semen parameters
  Semen volume ＜1.5 mL 31 (18.1) 1,020 (10.0) 0.032
  Sperm concentration ＜15 mol/mL 30 (19.4) 1,213 (12.2) 0.022
  Motility ＜40% 75 (48.4) 3,924 (39.5) 0.079
  Total count ＜39 mol 34 (21.9) 1,420 (14.2) 0.059
  Total motile count ＜9 mol 40 (25.8) 1,533 (15.5) 0.011
  Morphology ＜14 mol 90 (70.9) 5,056 (72.7) 0.951

Values are presented as median (interquartile range) or number (%).
aData points not available for all men (e.g., morphology); % calculated based on men for whom data is available.
bAdjusted for age, year of analysis.

We next looked at men for whom medication data were 
available (n=1,167). Of those men, 88 men were taking 1 
antihypertensive medication and 45 were taking 2 or 
more antihypertensive medications. Compared to men 
not taking medications, men taking 1 antihypertensive 
medication had a statistically significant decrease in se-
men volume (2.0 mL vs. 2.5 mL, p=0.05) with a trend to-
ward a lower sperm count (p=0.07). 

We then stratified men by individual class of anti-
hypertensive medication [15]. Several differences were 
identified between classes of antihypertensives. Men who 
were taking beta-blockers were noted to have decreased 
volume, concentration and motility compared to men not 
taking medications (p＜0.05). Men taking calcium chan-
nel blockers had relatively decreased sperm concen-
tration. Men taking angiotensin-receptor blockers had rel-
atively increased volume and decreased sperm concentra-
tion. Men taking ACEIs had relatively decreased volume 
and decreased motility. Lastly, men taking diuretics had 
relatively decreased volume (Table 2). 

INCIDENT HYPERTENSIVE DISEASE

Infertility may be a harbinger of health. As such, a man's 
reproductive fitness may also reflect his somatic fitness. 

Studies in the USA and Europe have demonstrated higher 
mortality rates among infertile men [16,17]. In addition, 
higher rates of certain types of cancers have also been re-
ported among infertile men in the years following a fertil-
ity evaluation [18-21]. Recently, data from a large USA in-
surance claims database demonstrated a higher incidence 
of heart disease and diabetes among infertile men [22]. 
Importantly, a higher incidence of hypertension was not 
identified in this group, suggesting that male infertility is 
not a risk factor for hypertension itself.

SUMMARY

Existing data suggest an association between hyper-
tension and impaired semen quality. Men diagnosed with 
hypertension have a lower semen volume, sperm motility, 
total sperm count, and motile sperm count relative to men 
in the cohort who did not carry a diagnosis of hyper-
tension. Importantly, more men with a diagnosis of hyper-
tension had impaired semen volume, concentration, and 
total motile count, according to WHO 5th edition criteria 
for subfertile semen parameters. Moreover, the use of be-
ta-blockers was associated with lower semen volume, 
concentration, motility, total sperm count, and total mo-
tile sperm count, while men taking other antihyperten-
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sives had more isolated impairments in semen parameters. 
The direct end-organ effects of hypertension on the ar-

teries and kidneys have been studied in depth, but the ef-
fect on the testes is not well characterized. Prior research 
has addressed the relationship between hypertension and 
the endocrine axis, which may affect reproductive ability. 
For example, in a cross-sectional study of 1,548 men, 
Svartberg et al [23] demonstrated an inverse association 
between total testosterone level and systolic blood 
pressure. In a case-control study of 110 newly diagnosed 
hypertensive men, Fogari et al [24] showed a 10% reduc-
tion in total testosterone levels compared to normotensive 
men. However, given study design, causal pathways be-
tween hypertension and testicular function cannot be 
inferred.

While the etiology of the association between hyper-
tension and semen quality remains unknown, the relation-
ship between somatic health and semen production has 
been reported [9,24,25]. Authors have suggested several 
plausible hypotheses. For example, the fetal origins of dis-
ease theory posits a common in utero exposure could lead 
to both infertility and hypertension [26-28]. In addition, 
the coexistence with other components of the metabolic 
syndrome (e.g., obesity, hyperlipidemia) have been dem-
onstrated to associate with impaired semen quality [7,8].

The etiology may also relate to treatment rather than the 
disease alone. The current report identified multiple ab-
normalities associated with beta-blockers but not other in-
dividual classes of antihypertensives. This is particularly 
relevant given that beta-blockers represent one of the most 
commonly medications prescribed, with over 85.3 mil-
lion prescriptions dispensed in the USA in 2014 [4].

Importantly, several medications have been investi-
gated previously for their impact on fertility. For example, 
retrograde ejaculation is known to be a common side ef-
fect of alpha-blockers and consequently would decrease 
semen volume [29]. Thus, the non-selective alpha-blocker 
phenoxybenzamine was investigated as a male oral con-
traceptive in the 1980s [30]. In addition, a case report 
documented a pregnancy for an infertile couple following 
the discontinuation of the calcium channel-blocker nifidi-
pine [31]. An in vitro study suggested that certain receptors 
for normal acrosomal reaction were reversibly impaired 
by calcium-channel blockers [32].Ta

bl
e 

2.
Se

m
en

 p
ar

am
et

er
s 

an
d 

in
di

vi
du

al
 c

la
ss

es
 o

f 
m

ed
ic

at
io

ns

V
ar

ia
bl

e
En

tir
e 

co
ho

rta
BB

s
C

C
Bs

A
RB

s
A

C
E 

in
hi

bi
to

rs
D

iu
re

tic
sc

To
ta

l
1,

16
7

73
42

28
25

18
Se

m
en

 v
ol

um
e 

(m
L)

2.
5 

(1
.5
∼

3.
5)

1.
7 

(1
.0
∼

2.
8)

b
3.

0 
(2

.0
∼

4.
5)

b
4.

5 
(2

.8
∼

5.
0)

1.
5 

(1
.0
∼

3.
0)

2.
0 

(1
.7
∼

3.
1)

Sp
er

m
 c

on
ce

nt
ra

tio
n 

(m
ol

/m
L)

40
.7

 (
20

.0
∼

72
.8

)
18

.0
 (

10
.0
∼

41
.4

)b
35

.5
 (

16
.0
∼

56
.0

)
34

.6
 (

14
.5
∼

47
.9

)
46

.6
 (

29
.6
∼

80
.4

)
40

.2
 (

27
.5
∼

57
.0

) 

M
ot

ili
ty

 (
%

)
49

.0
 (

24
.0
∼

73
.0

)
27

.0
 (

11
.0
∼

57
.0

)b
53

.5
 (

29
.0
∼

82
.0

)
48

.0
 (

28
.5
∼

67
.5

)
36

.5
 (

15
.0
∼

55
.0

)
52

.0
 (

31
.0
∼

67
.0

) 
To

ta
l 

co
un

t 
(m

ol
)

96
.6

 (
37

.5
∼

20
0.

0)
27

.5
 (

13
.7
∼

64
.3

)b
81

.4
 (

35
.0
∼

20
1.

0)
15

0.
9 

(3
0.

5∼
20

3.
0)

62
.4

 (
44

.4
∼

15
2.

0)
85

.7
 (

53
.6
∼

17
8.

3)
 

To
ta

l 
m

ot
ile

 c
ou

nt
 (

m
ol

)
42

.2
 (

10
.4
∼

11
0.

4)
8.

1 
(2

.1
∼

27
.5

)b
49

.6
 (

22
.4
∼

86
.1

)
58

.4
 (

22
.9
∼

86
.6

)
24

.4
 (

8.
2∼

89
.6

)
53

.4
 (

10
.7
∼

83
.5

) 
M

or
ph

ol
og

y 
(%

) 
no

rm
al

 
fo

rm
10

.0
 (

6.
0∼

15
.0

)
9.

0 
(4

.0
∼

19
.0

)
16

.0
 (

8.
0∼

22
.0

)
16

.0
 (

12
.0
∼

16
.0

)
10

.5
 (

6.
0∼

12
.0

)
15

.0
 (

13
.0
∼

18
.0

)

V
al

ue
s 

ar
e 

pr
es

en
te

d 
as

 n
um

be
r 

on
ly

 o
r 

m
ed

ia
n 

(in
te

rq
ua

rti
le

 r
an

ge
).

BB
s:

 b
et

a-
bl

oc
ke

rs
, 

C
C

Bs
: 

ca
lc

iu
m

 c
ha

nn
el

-b
lo

ck
er

s,
 A

RB
s:

 a
ng

io
te

ns
in

 r
ec

ep
to

r-b
lo

ck
er

s,
 A

C
E 

in
hi

bi
to

rs
: 

an
gi

ot
en

si
n 

co
nv

er
tin

g-
en

zy
m

e 
in

hi
bi

to
rs

.
a A

na
ly

si
s 

co
nf

in
ed

 t
o 

m
en

 f
or

 w
ho

m
 m

ed
ic

at
io

n 
da

ta
 w

as
 a

va
ila

bl
e.

b p＜
0.

05
.

c W
ilc

ox
on

 r
an

k-
su

m
 t

es
t 

in
st

ea
d 

of
 r

ep
ea

te
d 

m
ix

ed
 m

od
el

 d
ue

 t
o 

lim
ite

d 
nu

m
be

r 
of

 d
iu

re
tic

s.



David Guo, et al: Hypertension and Male Fertility   63

www.wjmh.org

Interestingly, not all antihypertensives have been asso-
ciated with impaired semen quality. Mbah et al [33] exam-
ined ACEIs through a placebo-controlled randomized 
study of normotensive men with idiopathic oligospermia 
and actually showed that low-dose lisinopril treatment re-
sulted in improvements in the form of higher percent mo-
tility and decreased abnormal morphology, although aver-
age volume remain unchanged. In the current report, no 
significant improvements were seen with any class of anti-
hypertensives while beta blockers were associated with 
significant impairments in semen quality.

It is important to note several limitations to the current 
literature examining male fertility and hypertension. First, 
the populations consisted of men who presented specifi-
cally for evaluation of infertility, and therefore may not be 
generalizable to the general population. Next, the retro-
spective nature of most studies leads to the possibility of 
bias. 

Given the prevalence of hypertension and its treatment 
in the USA, the current literature suggests a novel ob-
servation about the possible fertility implications of a com-
mon chronic disease (and treatment), and is applicable to 
a growing category of older fathers. While infertile men do 
not have a higher risk for developing hypertension, they 
do have an elevated risk for vascular disease [22]. Never-
theless, further investigation of hypertension and semen 
quality appears warranted to understand if the reported as-
sociations are causal.
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