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Abstract
Background: There are no current pharmacological therapies to improve sperm qual-
ity in men with sub-fertility. Reducing the exposure to lifestyle risk factor (LSF) is 
currently the only intervention for improving sperm quality in men with sub-fertility. 
No previous study has investigated what proportion of men with sub-fertility are 
exposed to adverse lifestyle factors. Furthermore, it is not known to what extent 
men with sub-fertility are aware of lifestyle factors potentially adversely impacting 
their fertility.
Methods: A cross-sectional anonymous questionnaire-based study on self-reported 
exposure and awareness of LSF was conducted in 1149 male partners of couples 
investigated for sub-fertility in a tertiary andrology centre in London, UK.
Results: Seventy per cent of men investigated for sub-fertility had ≥1 LSF, and twenty-
nine per cent had ≥2 LSF. Excessive alcohol consumption was the most common LSF 
(40% respondents). Seventeen per cent of respondents used recreational drugs (RD) 
regularly, but only 32% of RD users believed RD impair male fertility. Twenty-five 
per cent of respondents were smokers, which is higher than the UK average (20%). 
Twenty-seven per cent of respondents had a waist circumference (WC) >36 inches 
(91 cm), and 4% had WC >40 inches (102 cm). Seventy-nine per cent of respondents 
wanted further lifestyle education to improve their fertility.
Conclusions: Our data suggest that men with sub-fertility are as follows: (a) exposed 
to one or more LSF; (b) have incomplete education about how LSF may cause male 
sub-fertility; (c) want more education about reducing LSF. Further studies are needed 
to investigate the potential of enhanced education of men about LSF to treat couples 
with sub-fertility.
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1  | INTRODUC TION

Male sub-fertility is defined as the inability to conceive following 
1 year of regular unprotected intercourse, due to poor sperm qual-
ity in the male partner.1 Male sub-fertility is one of the major in-
dications for assisted reproductive techniques (ART) in the UK.2 
Despite this, there are currently no approved pharmacological 
therapies to directly stimulate spermatogenesis3; anti-oestrogens 
and aromatase inhibitors have limited effectiveness for the treat-
ment of oligospermia4-6 and their usage is not supported by current 
guidelines.7,8 Consequently, couples with male factor sub-fertility 
unable to conceive naturally, require to undergo ART9 such as in 
vitro fertilisation (IVF) or intracytoplasmic sperm injection (ICSI). 
ART is highly effective, but confers potential health risks, and is un-
affordable for many patients10 and healthcare systems worldwide. 
It is therefore critical that couples with male sub-fertility are given 
effective advice to optimise their own fertility using non-pharma-
cological approaches.

Lifestyle factors play an important role in male fertility. Large 
cross-sectional studies demonstrate that adverse health be-
haviours such as excessive alcohol intake,11,12 smoking,13,14 rec-
reational drugs15,16 and obesity17 are associated with reduced 
fertility in men.7,18 Furthermore, recent evidence suggests that 
amelioration of adverse lifestyle factors may improve markers 
of male fertility19-21 and quality of life.22 Despite observed im-
provements in semen parameters, the effects on pregnancy and 
live birth outcomes are scarce.23,24 Therefore, in the absence of 
approved pharmacological therapies for male sub-fertility, it is es-
sential that men with sub-fertility are aware of adverse lifestyle 
factors that impair sperm quality. In this paper, the term ‘lifestyle 
factor’ is used to refer to adverse health behaviours to appreciate 
the complexities of health behaviours as not solely a result of in-
dividual choices.

Recently published European Society for Human Reproduction 
& Embryology (ESHRE) consensus guidelines recommended that 
clinicians should elicit a history of adverse lifestyle factors in all 
couples with male sub-fertility.25 Previous studies have reported 
the prevalence of specific adverse lifestyle factors such as smok-
ing13,14 in men with sub-fertility. However, no previous study has 
investigated to what extent men with male sub-fertility have as fol-
lows: (a) awareness of lifestyle factors implicated in causing male 
sub-fertility (b) exposure to lifestyle factors implicated in causing 
male sub-fertility. Such data have important healthcare implica-
tions for the overall effectiveness of treatment given to couples 
with male sub-fertility.

We conducted a large cross-sectional single-centre study inves-
tigating the clinical burden of self-reported lifestyle factors in men 
undergoing diagnostic semen analysis for investigation of sub-fertil-
ity. Additionally, we explored the level of pre-existing knowledge of 
adverse lifestyle factors associated with sub-fertility amongst these 
men, and their views on further education on adverse lifestyle fac-
tors implicated in causing male sub-fertility.

2  | MATERIAL S AND METHODS

2.1 | Regulatory approval and subjects

A service evaluation was conducted by the Department of Andrology 
at Hammersmith Hospital, London, UK between March 2015 and 
March 2016 following necessary approvals from the Division of 
Blood Sciences, Imperial College National Healthcare Service Trust, 
London, UK. A total of 1149 men attending the Andrology depart-
ment at Hammersmith Hospital for diagnostic semen analysis for in-
vestigation of sub-fertility were invited to complete an anonymous 
questionnaire. Institutional ethics committee approval was not re-
quired for this divisional service evaluation.

2.2 | Protocol

Patients were invited to complete an anonymous questionnaire in 
private and return it to the reception desk at Andrology depart-
ment of Hammersmith Hospital (Appendix S1) whilst they were in 
the waiting room of the Andrology department for diagnostic semen 
analysis. In brief, the questionnaire asked the men about their self-
reported lifestyle factors such as waist circumference and assessed 
their level of knowledge on the impact of their lifestyle choices on 
fertility. Six lifestyle factors associated with sub-fertility were inves-
tigated: smoking, obesity, exercise, alcohol consumption, caffeine 
consumption and recreational drug usage. It is generally accepted 
that couples with sub-fertility should be counselled about lifestyle 
factors that may adversely impact on fertility. We therefore investi-
gated the extent to which respondents had been counselled about 
lifestyle factors.

Respondents were asked to state whether they thought each 
lifestyle factor improved, reduced or did not affect fertility; respon-
dents were permitted to state if they did not know the answer to 
any question. Answers were then scored out of a maximum of six. 
A higher score would reflect greater awareness and knowledge of 
lifestyle factors on sub-fertility. Respondents were excluded if they 
answered less than 80% of the survey questions.

All patients underwent diagnostic semen analysis for investiga-
tion of sub-fertility within 3-5 days of abstinence. The semen anal-
ysis was carried out by trained laboratory technicians based at the 
Andrology lab of Hammersmith Hospital within 1 hour of produc-
tion. Semen parameters such as sperm concentration, total motility, 
morphology, semen volume and pH were reported according to the 
WHO 2010 manual semen parameters reference values.26

2.3 | Statistical methods

ANOVA one-way analysis, linear regression, univariate logistic re-
gression and multivariable logistic regression were used for analysis, 
using graphpad prism (v.7) and stata (v.14).
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Continuous variables such as sperm count and total motile 
sperm were analysed using unadjusted linear regression for the 
following variables: age (years), education (school, university or 
higher), ethnicity (Caucasian, Black, South Asian, East Asian, Middle-
Eastern, Other), self-reported waist circumference (26-30 inches, 
32-34 inches, 36-38 inches, 40-42 inches, 44-46 inches), exercise 
(never, <monthly, monthly, weekly, daily), smoking (never, <monthly, 
monthly, weekly, daily), alcohol (never, <monthly, monthly, weekly, 
daily), cannabis use (never, <monthly, monthly, weekly, daily), class A 
drug use (never, <monthly, monthly, weekly, daily). Variables signifi-
cantly associated with continuous outcome variables were included 
in a multivariate linear regression model. P <.05 was regarded as sta-
tistically significant.

3  | RESULTS

3.1 | Study population characteristics

A total of 1149 sub-fertile men were recruited to the study. Forty-one 
(3.5%) men were excluded for incomplete questionnaire responses 
(ie less than 80% of survey questions answered) (Appendix S2). The 
mean (±SD) age of the remaining 1108 men was 38 ± 6.0 years (range 
19-63). Forty-six per cent of the respondents were from ethnic mi-
nority groups and 62% spoke a language other than English at home. 
Over 65% of respondents attained a higher education degree qualifi-
cation or above. Further details about the study population are sum-
marised in Table 1. All respondents had been referred from primary 
or secondary care for investigation of sub-fertility. Most respond-
ents under investigation for sub-fertility had previously consulted 

their family doctor (general practitioner; GP) regarding their fertility 
(83%). In addition to their GP, 12% of men had consulted one or more 
hospital specialists, of which, the most common was the gynaecolo-
gist treating their female partner (81%).

3.2 | Prevalence of lifestyle factors associated with 
male sub-fertility

We analysed the reported prevalence of adverse lifestyle factors in 
men under investigation for sub-fertility (Table 2). Approximately 
70% of respondents had at least one adverse lifestyle risk factor 
and 29% had two or more factors. Excess alcohol consumption was 
the most common lifestyle risk factor for sub-fertility; forty per 
cent of respondents consumed ≥8 alcohol units on one occasion at 
least monthly, which is a validated measure of alcohol-related health 
problems.27

Waist circumference is a validated measure of central adipos-
ity.28,29 Excessive waist circumference is associated with obesity,30 
type 2 diabetes and poor sperm parameters.31,32 More than 1 in 4 
(27%) men with sub-fertility had a self-reported waist circumference 
>36 inches (91 cm), and 4% of men had a waist circumference >40 
inches (102 cm).

Smoking is associated with reduced sperm quality in men7; 
25.9% of sub-fertile men were smokers in our cohort, which is 
marginally higher than the reported national average of 20% in the 
UK.33 Ten per cent of sub-fertile men admitted to cannabis use, 
which is higher than the prevalence of cannabis use in 16- to 59-
year olds (6.6%) reported in the UK.34 7% of respondents used 
Class A recreational drugs such as heroin, cocaine or ecstasy. Only 
less than 1% of respondents declined to provide information on 
recreational drug use.

3.3 | Awareness about adverse lifestyle factors

The number and proportion of men who identified smoking, obesity, 
exercise, alcohol, caffeine and recreational drugs as improving, re-
ducing or having no effect on their fertility are presented in Table 3. 
Awareness of lifestyle trends was significantly associated with a 
higher level of education of the respondents and did not significantly 
vary between ethnic groups.

Clinical guidelines identify smoking as a cause of impaired sperm 
quality.7 Awareness of the harmful effects of smoking on male fer-
tility was almost identical in smokers (81%) when compared with 
non-smokers (80%).

Recreational drugs profoundly impair male fertility16; however, 
32% of recreational drug users were unaware that recreational drugs 
may impair male fertility.

A recent systematic review concluded that caffeine consumption 
may adversely affect sperm quality and function35; however, 55% of 
sub-fertile men did not know that caffeine could impair male fertility 
(Table 3).

TA B L E  1   Population characteristics of men under investigation 
for sub-fertility

Characteristic

Number of 
respondents 
(N = 1108)

Percentage of total 
respondents (%)

Ethnicity

Caucasian 569 51.4

South Asian 204 18.4

Middle-Eastern 156 14.1

Afro-Caribbean 95 8.6

Southeast Asian 30 2.7

Mixed 31 2.8

Not disclosed 23 2.1

Highest level of education

No formal education 32 2.9

Lower secondary 124 11.2

Upper secondary 183 16.5

Undergraduate 427 38.5

Postgraduate 332 30.0

Not disclosed 10 0.9
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3.4 | Views of male patients on the need for 
lifestyle education associated with sub-fertility

Seventy-nine per cent (n = 875) of surveyed men wanted further life-
style education related to sub-fertility. The most requested modality 
for additional education was leaflets (55%), followed by multimedia 
resources (50%) such as videos (Table 4). Online resources such as 
webpages, emails, newsletters and early education in schools were 
also popular suggestions made by respondents.

3.5 | Associations of lifestyle characteristics with 
sperm parameters

Significant characteristics associated with sperm concentration 
using univariate regression included age, education and ethnicity 
(Table 5). Age was positively associated with sperm concentration 
(r = .50, 95% CI 0.02-1.0; P = .04), but was negatively associated with 
total motility (adj. r = −.27, 95% CI −0.52 to −0.02; P = .034) by uni-
variate linear regression.

Men with undergraduate or postgraduate university education 
had higher mean levels of sperm concentration when compared with 
other men (mean ± SD sperm concentration in mill/mL: 47.1 ± 53.2, 
non-university; 54.2 ± 50.5, undergraduate or postgraduate univer-
sity, P = .038).

Men with undergraduate or postgraduate university education 
also had higher mean levels of sperm motility when compared with 
other men (mean sperm motility in %: 45.0 ± 25.3, non-university; 
50.2 ± 23.6 undergraduate or postgraduate university, P = .002).

There was no significant association between waist circumfer-
ence, frequency of exercise, current smoking, excess alcohol, can-
nabis use or class A drug use on any measured semen parameter 
(Table 5).

4  | DISCUSSION

A recent systematic review and meta-regression analysis reported 
that sperm counts have fallen by 50%-60% since the 1970s, in North 
America, Europe and Australasia.36 Worsening exposure to adverse 
lifestyle factors may contribute to declining male fertility within 
the population. In the absence of any effective pharmacological in-
terventions, delivery of lifestyle advice represents a critical aspect 
of treatment for couples with male sub-fertility. We report for the 
first time, the extent to which men with sub-fertility are exposed to 
several adverse lifestyle factors, and their awareness of the impact 
of these adverse lifestyle factors on their fertility. The majority of 
participants were aware that obesity, smoking and excessive alco-
hol intake could impair their fertility. However, obesity, problem-
atic alcohol consumption and smoking were commonly observed in 
patients referred by their healthcare provider for investigation for 
sub-fertility.

A number of lifestyle factors have been implicated in the litera-
ture to decrease male fertility. Advancing male age has been asso-
ciated with a decline in sperm quality, with the largest effect being 
on sperm motility.37 Obesity is associated with poor sperm param-
eters.38 A waist circumference > 102cm is inversely associated with 
both sperm concentration and total motile sperm count.31 Cigarette 
smoking is suggested to cause oxidative damage to sperm39,40. 

TA B L E  2   Exposure of men to lifestyle factors implicated in male sub-fertility

None Monthly Weekly Daily
No 
Response

Exercise 167 (14.5%) 120 (10.4%) 568 (49.4%) 278 (24.2%) 16 (1.4%)

Smoking 840 (73.1%) 115 (10.0%) 52 (4.5%) 131 (11.4%) 11 (1.0%)

Excess alcohol consumptiona  444 (38.6%) 492 (41.9%) 202 (17.6%) 6 (0.5%) 15 (1.3%)

Cannabis use 1020 (88.8%) 74 (6.4%) 24 (2.1%) 18 (1.6%) 13 (1.1%)

Class A drugs eg cocaine 1051 (91.6%) 77 (6.7%) 7 (0.6%) 1 (0.1%) 12 (1.0%)

Waist circumference (inches) <30 32-34 36-38 >40 No Response

119 (10.4%) 654 (56.9%) 254 (22.1%) 51 (4.4%) 71 (6.2%)

Note: Self-reported exposure to lifestyle factors, in men under investigation for sub-fertility, using an anonymous questionnaire.
aDefined according to the validated M-SASQ score,24 as the usual frequency of consuming 8 or more alcohol units during a single occasion. 

TA B L E  3   Beliefs of men about the effects of lifestyle factors on 
their fertility

Lifestyle factor
Correct 
response

Incorrect 
response Don't know

Smoking 899 (81.1%) 28 (2.5%) 181 (16.3%)

Obesity 786 (80.0%) 49 (4.4%) 273 (24.6%)

Lack of regular 
exercise

859 (77.5%) 135 (12.2%) 244 (22.0%)

Alcohol 859 (77.5%) 40 (3.6%) 209 (18.9%)

Recreational 
drugs

765 (69.0%) 30 (2.7%) 313 (28.2%)

Caffeine 295 (26.6%) 200 (18.1%) 613 (55.3%)

Note: Men under investigation for sub-fertility were asked whether they 
thought that each of the six listed lifestyle factors increased, decreased 
or did not affect their own fertility. Lifestyle factors are ranked in 
descending order of correct responses. Correct responses were that 
smoking, obesity, alcohol, recreational drugs and caffeine reduce male 
fertility, and regular exercise improves male fertility.
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According to the conventional WHO 2010 criteria,26 smoking is as-
sociated with lower sperm motility and increased sperm morpho-
logical defects.41 Furthermore, sperm concentration and fertility 
index (FI) are significantly lower in heavy smokers (over 20 cigarettes 
daily), compared with mild or non-smokers.42 Recreational drug use, 
such as opioids and cannabis abuse, is correlated with high DNA 
fragmentation in sperm43 and reduced male fertility.44 Alcohol abuse 
targets sperm morphology and sperm production, and is associated 
with increased incidence of teratozoospermia, asthenozoospermia 
and oligozoospermia.45 Ethanol has been proposed to be a Leydig 
cell toxin,11,46 whilst high caffeine consumption could reduce anti-
oxidant capacity of Sertoli cells causing oxidative damage.47 In con-
trast, a health-conscious diet of fruits and vegetables is associated 
with lower sperm DNA fragmentation index.48 However, the asso-
ciations between education level and fertility have been mixed in 
previous research as there are multiple intervening variables such as 
age of marriage, desired family size and contraceptive knowledge.49

Approximately 70% of men in our study under investigation for 
sub-fertility had at least one lifestyle risk factor for sub-fertility, 29% 
had two or more risk factors. This represents a significant propor-
tion of men for whom lifestyle changes could be of potential ben-
efit. Excess consumption of alcohol (40%) and obesity (27%) were 
the two most common risk factors. Furthermore, preliminary evi-
dence has suggested that reversal of these two modifiable lifestyle 
factors: obesity21,24,50 and alcohol consumption51-54 may improve 
fertility. Forty-three obese men losing 17.2%-25.4% of body weight 
after a 14-week residential programme had an increase in sperm 
count, semen volume and testosterone when compared with base-
line.21 A preliminary study of randomised women (but not their male 
partners) to control or lifestyle intervention prior to IVF therapy 
suggested that voluntary weight loss amongst male partners was 
independently associated with increased live birth rate following 
IVF therapy.24 Similarly, the consumption of alcohol had a negative 

influence on the fertilisation rate with ICSI.55 Anecdotal evidence 
from mice models56 and human case reports51-53 suggest that the 
adverse effects of alcohol intake may be reversible upon discontinu-
ation of alcohol consumption.

The benefits of lifestyle measures on general health and well-
being are uncontroversial; however, the direct relationship between 
these adverse lifestyle factors and increase in paternity such as time 
to pregnancy and live birth rates are unknown. Well-designed pro-
spective studies are required with outcome measures of fecundity 
and fertility. Furthermore, much of the current evidence comes from 
men presenting to infertility clinics and may not represent the effect 
of LSF on male fertility in the general population. Lastly, almost all 
the studies focus on the specific effects of one or at most two risk 
factors that were under evaluation. However, in reality, exposure to 
these risk factors does not occur individually but rather simultane-
ously.57 Therefore, we may already be underestimating the conse-
quences of each adverse lifestyle exposure.45

Many countries have established strategies for health promotion 
amongst their populations. However, the effectiveness of public 
health campaigns in conveying the health message to sub-fertile men 
has not been investigated previously. Our study observed that there 
was reasonable awareness of the effect of lifestyle factors amongst 
sub-fertile men. Approximately 90% of respondents were aware of 
at least one lifestyle factor associated with sub-fertility. Studies have 
reported that patients with rudimentary levels of education were 
less likely to seek health information with lower health literacy and 
poor health outcomes.58,59 In support of this, our data reveal an ap-
parent association between the level of education of men and the 
knowledge of fertility-related lifestyle factors. Higher level of edu-
cation in our patients was significantly associated with higher sperm 
concentration and motility. This may be explained by increased 
health literacy, health consciousness and higher awareness of the 
negative impacts of adopting unhealthy lifestyles and undertaking 
more efforts to change their lifestyle behaviours. Therefore, strate-
gies to improve health literacy in the population may help more men 
be aware of the health behaviours linked to fertility.

Variable level of awareness was observed in different lifestyle 
factors. Awareness of the harmful effects of smoking was the high-
est at 81%. About one quarter of the surveyed population was 
unaware that obesity could reduce fertility. Considering that 26% 
of the study population had a waist circumference greater than 
34 inches, further health promotion could be aimed at these ad-
verse factors that had lower levels of awareness such as obesity, 
caffeine intake and recreational drugs. Doctors play an important 
role in educating patients with sub-fertility about adverse lifestyle 
factors. All participants had received at least one prior medical 
consultation for sub-fertility, but only half felt that this information 
was sufficient. Furthermore, approximately 80% of respondents 
desired more lifestyle education for sub-fertility. Our data suggest 
that there is an important unmet health need for providing lifestyle 
education for men with sub-fertility. Furthermore, public educa-
tion campaigns focused on health optimisation can be an effective 
strategy to improve fertility.

TA B L E  4   Preferences for receiving lifestyle advice in men 
investigated for sub-fertility

Modality
Number of 
respondents

Percentage of total 
(N = 1108) (%)

Written educational 
material

643 58.0

Video educational 
material

551 49.7

Appointment with 
family doctor

464 41.9

Appointment with 
hospital specialist

193 17.4

Group sessions 112 10.1

None of the above 53 4.8

Did not answer 15 1.4

Note: Respondents were asked which modalities would be most suitable 
for giving lifestyle advice to men with sub-fertility. The data reflect the 
number and percentage of men selecting each category. No limit was 
specified regarding the number of selections.
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Contrary to other studies, our data did not show significant as-
sociation between waist circumference, frequency of exercise, cur-
rent smoking, excess alcohol, cannabis or class A drug use on any 
measured semen parameter. There are multiple potential reasons 
for this. Self-reporting of LSF such as waist circumference and al-
cohol/smoking habits may introduce bias and underestimate the 
true prevalence of the burden of these adverse health behaviours 
in our cohort of men being investigated for sub-fertility. Inclusion 
of self-reported height and weight may have improved our ability 
to assess obesity risk. Furthermore, confounders including the vari-
ability of a single semen sample and duration of abstinence prior to 
the semen collection may explain this. In addition, we did not collect 
clinical data about other risk factors associated with male sub-fertil-
ity and comorbidities (eg diabetes, history of mumps).

It is important to consider other limitations of this study. We 
did not measure the response rate of the questionnaires. The 
non-responders and the excluded incomplete questionnaire re-
sponders (Appendix S2) may have been more likely to have poor 
lifestyle factors, potentially underestimating the reported preva-
lence of adverse lifestyle factors in the men under investigation 
for sub-fertility. Due to a lack of a matched control group of men 
without sub-fertility and the cross-sectional nature of the study, a 
causative relationship between the lifestyle factors and sub-fertil-
ity cannot be assumed. The use of questionnaires is by definition 
subjective, but measures were implemented to eliminate as much 
bias as possible. For instance, whilst anthropometric measures of 
height and weight were not taken, we were careful to use self-re-
ported waist circumference as an indicator of BMI.28-30 Not only is 
waist circumference shown to be directly associated with sperm 
parameters similar to BMI,32 self-reported BMI also tended to be 
inaccurate.60,61 Self-reported waist circumference as a measure of 
central adiposity, despite its noted limitations above, was preferred 
in our survey as the ease of men to remember their trouser waist 
size. To identify men with hazardous alcohol use, a single alco-
hol-screening question (M-SASQ) was used. M-SASQ is a validated 
method for determining problem drinkers62 and has high sensitiv-
ity and specificity when compared with the gold standard.63 The 
results of this study are only limited to English speakers, which may 
have induced reporter bias in this multi-ethnic population. In addi-
tion, we recognise that levels of education about health issues may 
influence the likelihood of hospital attendance. Over 65% of our 
participants attained a higher education degree qualification or 
above; hence, our study may underestimate the burden of lifestyle 
factors. However, this study is strengthened by its inclusion of a 
large sample of patients. Furthermore, the inclusion of patients 
from several ethnic groups and geographical origins may increase 
the robustness of its findings.

In summary, we have investigated for the first time, the ad-
verse lifestyle burden in men with sub-fertility attending our hos-
pital for semen analysis. Excess alcohol consumption, excessive 
weight, smoking and insufficient exercise are all common lifestyle 
behaviours observed in men with sub-fertility. Our data also sug-
gest that education influenced the awareness of adverse lifestyle 

factors in sub-fertile men. Furthermore, there appears to be an 
opportunity to provide sub-fertile men with enhanced learning re-
sources and behavioural interventions as a potential novel strategy 
in optimising their fertility. Future, well-designed studies are re-
quired to determine the effectiveness of enhanced education and 
amelioration of adverse lifestyle factors on pregnancy or live birth 
outcomes.
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