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ABSTRACT
Objective  We investigated whether lifestyle affects 
assisted reproduction technology (ART) outcomes.
Design  Cohort study.
Setting  Italian fertility unit.
Participants  From September 2014 to December 2016, 
women from couples presenting for evaluation and eligible 
for ART were invited to participate. Information on alcohol 
intake, current smoking and leisure physical activity (PA) 
during the year before the interview was collected, using a 
structured questionnaire. We considered the ART outcomes 
of the cycle immediately following the interview.
Primary and secondary outcome measures  The 
primary outcome measure was cumulative pregnancy 
rate per retrieval. Secondary measures were number of 
retrieved oocytes, embryo transfer and live birth.
Results  In 492 women undergoing an ART cycle, 427 
(86.8%) underwent embryo transfer, 157 (31.9%) had 
at least one clinical pregnancy and 121 (24.6%) had live 
birth. The cumulative pregnancy rate per retrieval was 
33.3% (95% CI 28.5% to 38.7%). In women in the third 
tertile of alcohol intake, adjusted relative risk was 0.97 
(95% CI 0.87 to 1.08), 0.90 (95% CI 0.62 to 1.30) and 
0.89 (95% CI 0.57 to 1.37) for embryo transfer, clinical 
pregnancy and live birth, respectively. The corresponding 
figures in women currently smoking more than 5 
cigarettes/day were 1.00 (95% CI 0.88 to 1.16), 0.94 (95% 
CI 0.60 to 1.48) and 1.14 (95% CI 0.68 to 1.90), and in 
women with PA ≥5 hours/week were 0.93 (95% CI 0.79 to 
1.08), 0.44 (95% CI 0.22 to 0.90) and 0.48 (95% CI 0.22 to 
1.05), respectively.
Conclusion  There were no significant differences 
in in vitro fertilisation outcomes among women who 
used alcohol or tobacco in the year prior to treatment. 
Conservatively, all women should be advised to limit 
substance abuse. Moreover, our study suggested that 
maintaining a moderate, but not high, level of PA could be 
beneficial.

INTRODUCTION
Alcohol consumption and smoking are 
among the most common lifestyle expo-
sures in women. During the last decades, the 
relationship between these lifestyle factors 
and spontaneous fertility has been investi-
gated in several observational studies: some 

have shown that alcohol and smoking affect 
spontaneous fertility,1 2 although not consis-
tently.3 4

These exposures may contribute to sponta-
neous reproductive failures, but they may also 
impair the success rate of assisted reproduc-
tion technology (ART). Thus, it is conceivable 
that modifying such lifestyle habits before 
treatments could reduce the need for ART 
procedures and/or enhance the likelihood 
of in vitro fertilisation (IVF) success. In a 
study conducted in California, alcohol intake 
was negatively associated with the number of 
oocytes retrieved, but not with live birth rate.5 
Otherwise, in a prospective cohort study, no 
association emerged between alcohol intake 
during days 4–10 of ovarian stimulation and 
IVF outcomes.6 A recent systematic revision 
of the literature confirmed that average 
alcohol intake before ART initiation did not 
have any impact on the outcomes, whereas 
intake at the start of ART cycle had a nega-
tive effect on fertilisation, embryo quality and 
implantation.7

Cigarette smoking is the most common 
lifestyle factor that could affect IVF outcomes 

Strengths and limitations of this study

►► This study analysed several lifestyle factors of wom-
en interviewed in the same institution, participation 
was practically complete, and information on nutri-
tional status was also available.

►► Smoking and drinking habits were self-reported 
by women, so some underestimates could have 
occurred.

►► Information on type of physical exercise was lim-
ited, because total number of weekly hours spent 
exercising was recorded, but not intensity or type 
of exercise.

►► These findings regard women presenting for assist-
ed reproduction technology and are not generalis-
able to the fertile population.
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and several studies have demonstrated the negative effect 
of smoking on pregnancy rate and on clinical outcome of 
ART.8 However, the literature on this issue is still limited,9 
although a recent meta-analysis10 found that current 
smokers undergoing ART had lower clinical pregnancy 
and live birth rate than non-smokers and experienced a 
significant increase of spontaneous miscarriage.

Evidence on physical activity (PA) was inconsistent: 
although data from the Nurses’ Health Study II suggested 
that vigorous activity may reduce ovulatory infertility,11 
a Norwegian cohort indicated that high intensity and 
frequency of PA increase subfertility.12 Studies specifi-
cally on PA and ART success were equally inconsistent: 
investigating pretreatment PA, Morris et al13 found that 
women undergoing ART had a 40% reduced likelihood 
of live birth, if engaged in PA 4 hours or more per week 
for less than 10 years, compared with women not regu-
larly engaged in PA. Another study14 did not find a bene-
ficial effect of activity levels before treatment on clinical 
outcomes, although moderate PA during ART cycle was 
associated with higher implantation and live birth rates. 
Recently, it was suggested that health-promoting life-
style education may increase the success rates of ART, 
correcting risk factors that negatively affect fertility.15 
This evidence has been recently reviewed: pooled esti-
mates from a systematic research found that PA before 
ART cycles was associated with increased rates of clinical 
pregnancy and live births, but no effect was shown on 
miscarriage rate.16

These factors have been analysed in relation to sperm 
quality. Several reviews showed that the same lifestyle 
habits, such as smoking and regular drinking, negatively 
impacting female fertility, also have a detrimental effect 
on semen quality.17 18 On the contrary, the effect of PA is 
still under discussion.19 20

Alcohol consumption,21 smoking habits22 and PA23 24 
largely vary in different populations. Thus, it is interesting 
to analyse the role of these lifestyles on fertility treat-
ment in an Italian setting, using data from a cohort study 
conducted in an Italian fertility centre.

METHODS
From September 2014 to December 2016, in randomly 
selected days, subfertile couples, presenting for evaluation 
to the Fertility Unit of Fondazione IRCCS Ca’ Granda, 
Ospedale Maggiore, Policlinico, Milan, and eligible for 
ART were invited to participate into a cohort study on the 
role of lifestyle habits and diet on ART outcomes.

Study participation was proposed during the diagnostic 
phase. Couples were interviewed on the day of oocyte 
retrieval. The time interval between the proposal of the 
study and the interview was generally less than 1 month.

The overall participation rate was close to 95%, mainly 
since couples were interviewed during the period spent 
waiting for the different diagnostic stages, before actual 
ART procedures, and the not sensitive character of 
questions.

Both partners of couples who agreed to participate 
were interviewed by centrally trained personnel, using a 
standard questionnaire to obtain information on general 
sociodemographic characteristics, anthropometric vari-
ables, personal medical history and reproductive history 
and lifestyle factors. Couples that could not speak Italian 
were excluded from the study.

Patient and public involvement
Patients were not involved in the design, recruitment or 
conduct of the study.

The present study reported on the outcome of the cycle 
immediately following the interview.

Procedures
To evaluate the effect of recent exposure, patients were 
asked to report about their usual weekly food consump-
tion in the last year, using a reproducible and valid 
food frequency questionnaire,25–27 including the weekly 
numbers of drinks for several alcoholic beverages. The 
questionnaire was satisfactorily reproducible.28 Taking 
into account the different ethanol concentration, 1 unit 
corresponded to approximately 125 mL of wine, 330 mL 
of beer and 30 mL of hard liquor (ie, about 12.5 g of 
ethanol). Total alcohol intake, expressed in grams of 
ethanol per day (g/day), was computed as the sum of 
all reported alcoholic beverages. ‘Never drinkers’ and 
‘ex-drinkers’ were patients who abstained from drinking 
lifelong and for at least 12 months at the time of inter-
view, respectively. For the purpose of this study, we consid-
ered these two groups of women in the same category 
‘abstainers’.

A woman was considered a smoker if she had smoked 
≥1 cigarette/day for at least 1 year; a former smoker if she 
had smoked ≥1 cigarette/day for at least 1 year, but had 
stopped more than 1 year before the interview, and a non-
smoker if she had never smoked ≥1 cigarette/day.

Before starting ovarian stimulation, women were 
advised to abstain from alcohol and smoking, thus no 
such exposure should occur during ART cycle.

The adherence to the Mediterranean diet was assessed 
through an a priori score (Mediterranean Diet Score 
(MDS)), developed by Trichopoulou et al29 and calculated 
as previously published.30 To include MDS in the analysis 
of alcohol intake, it was recalculated excluding alcohol. 
Satisfactory reproducibility of questions on self-reported 
smoking and drinking habits in our study populations has 
been previously reported.31

Leisure PA was defined as the number of hours per 
week of a sport or activity, such as walking, gardening 
and cycling in the year preceding the interview. Scores 
ranged between 1 and 4, corresponding to <2, 2–4, 5–7 
and >7 hour of PA per week. No information was available 
on intensity of activity.

Patients were managed according to a standardised 
clinical protocol as reported in details elsewhere.32 33 The 
choice between conventional IVF or intra-cytoplasmatic 
sperm injection (ICSI) was made based on semen 
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characteristics. Good-quality oocytes were those in meta-
phases I and II for IVF and metaphase II for ICSI. The 
main outcome was the cumulative pregnancy rate per 
retrieval in the cycle immediately following the interview.

All clinical information (including infertility diagnosis) 
was collected from medical records.

Statistical analysis
Clinical pregnancy was considered the main objective of 
the study. Considering a 30% of pregnancy rate per cycle, 
as usual in our fertility centre, this study was powered to 
detect a 1.5 increase of risk in the highest tertile of intake 
as compared with the lowest (α=0.05, β=0.80).

Multiple outcomes were considered: (1) number of 
retrieved good-quality oocytes; (2) embryo transfer; (3) 
clinical pregnancy and (4) live birth. Patients who failed 
each treatment stage were included in the following 
stage as failures. Women with a previous miscarriage 
and a pregnancy or live birth after the following embryo 
transfer were considered as having a successful pregnancy 
and live birth.

Categorical variables were described as frequency (N) 
and percentage (%) and compared using the Pearson or 
Mantel-Haenszel χ2, as appropriate. Continuous variables 
were described as mean and SD if normally distributed, 
or median and IQR if not normally distributed and anal-
ysed using analysis of variance and Kruskal-Wallis test, 
respectively. Correlations were evaluated using Pearson r 
or Spearman rho coefficients, as appropriate.

We used multivariable generalised linear mixed models 
to evaluate the association of exposure variables with 
treatment outcomes. We used a Poisson distribution and 
log link function for the number of good-quality oocytes 
retrieved, and binomial distribution and logit link func-
tion for clinical outcomes. We estimated relative risks 
(RRs) of each clinical outcome and corresponding 95% 
CIs in categories of alcohol intake (approximate tertiles), 
former and current smoking (no, ≤5, >5 cigarettes/
day) and leisure PA (<2, 2–4, ≥5 hours/week) in the year 
before the interview.

To account for potential confounders, we included 
terms for variables, which were associated with these 
modifiable lifestyles, and/or with at least one ART 
outcome, in the general linear model and multiple log-
binomial regression models (as indicated in table foot-
notes). Terms for interaction were tested.

All the analyses were performed using the SAS software 
V.9.4 (SAS Institute).

RESULTS
From September 2014 to December 2016, out of 501 
women undergoing ART cycle, 9 (1.8%) did not provide 
complete information about their lifestyle or were lost to 
follow-up, and were excluded from this analysis. Analysis 
was then performed on 492 ART cycle outcomes from 
492 women.

Mean age was 36.6 years (SD 3.6, range 27–45) and 
mean body mass index (BMI) was 22.3 kg/m2 (SD 3.9, 
range 16.4–41.7). Thirty women (6.1%) were obese 
(BMI≥30.0 kg/m2).

The characteristics of women according to alcohol, 
smoking habits and PA are shown in table 1.

Only 16 women (3.2%) exercised more than 7 hours per 
week, so we merged the two categories 5–7 and >7 hours/
week. Leisure PA was associated with college degree and 
higher MDS, and inversely with daily calories intake.

Of the 492 initiated cycles in each woman, 427 (86.8%) 
resulted in embryo transfer, 157 (31.9%) in clinical preg-
nancy and 121 (24.6%) in live births. Out of 36 clinical 
pregnancies not resulting in live birth, 34 ended with 
miscarriage, one with an induced abortion and one was 
extrauterine.

Overall, 72 (14.6%) women underwent 2, 28 women 
(5.7%) 3 and 4 women (0.8%) ≥4 embryo transfers. Out 
of 157 women with pregnancy, 7 had a miscarriage at first 
attempt and live birth at the second one, for a total of 164 
pregnancies in 492 women. The cumulative pregnancy 
rate per retrieval was 33.3% (95% CI 28.5% to 38.7%).

Age was the main risk factor for ART failure. The median 
of good-quality oocytes was 6 (IQR 4–9) in women<35 
years old, 5 (IQR 3–8) in women aged 35–39 years and 3 
(IQR 2–6) in women aged ≥40 years (p<0.0001). No asso-
ciation was observed at univariate analysis with alcohol 
intake, current smoking or leisure PA. As compared with 
women aged <35, RR for successful embryo transfer was 
0.92 (95% CI 0.86 to 0.98) for women aged 35–39 and 
0.90 (95% CI 0.82 to 0.98) for those aged ≥40 years. The 
corresponding figures were 0.78 (95% CI 0.59 to 1.01) 
and 0.44 (95% CI 0.29 to 0.68) for clinical pregnancy, and 
0.66 (95% CI 0.48 to 0.91) and 0.34 (95% CI 0.20 to 0.59) 
for live birth.

At univariate analysis, leisure PA ≥5 hours/week was 
significantly associated with lower risk of clinical preg-
nancy (RR 0.48, 95% CI 0.25 to 0.93), whereas no rela-
tionship was observed with embryo transfer and live birth. 
Alcohol intake and current smoking were not significantly 
associated with any ART outcomes.

Table 2 shows the relation between exposures and clin-
ical results, accounting for potential confounders. No 
significant association was observed between smoking, 
alcohol intake and leisure PA, thus they were not mutually 
adjusted. Terms for interaction between smoking, alcohol 
intake and leisure PA did not show any significance and 
were excluded from the final models.

In this sample, 28 (5.7%) women drank at least 1 
alcohol unit per day. Although the adjusted relative risk 
(ARR) for embryo transfer was lower, it was not significant 
as compared with abstainers, and no effect was observed 
on other outcomes. ARR for embryo transfer was signifi-
cantly lower in six women who smoked ≥20 cigarettes/day 
during the year before ART procedure. Former smokers 
who stopped smoking more than 5 years before under-
going ART had a higher number of oocytes than never 
smokers.

P
rotected by copyright.

 on D
ecem

ber 29, 2020 at U
niversita degli S

tudi di M
ilano.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2020-038837 on 26 N
ovem

ber 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


4 Ricci E, et al. BMJ Open 2020;10:e038837. doi:10.1136/bmjopen-2020-038837

Open access�

Ta
b

le
 1

 
D

em
og

ra
p

hi
c 

ch
ar

ac
te

ris
tic

s 
of

 4
92

 w
om

en
, a

cc
or

d
in

g 
to

 a
lc

oh
ol

 in
ta

ke
, s

m
ok

in
g 

ha
b

its
 a

nd
 le

is
ur

e 
PA

A
lc

o
ho

l i
nt

ak
e 

(g
/d

ay
)

S
m

o
ki

ng
Le

is
ur

e 
p

hy
si

ca
l a

ct
iv

it
y

A
b

st
ai

ne
rs

Fi
rs

t 
te

rt
ile

S
ec

o
nd

 t
er

ti
le

T
hi

rd
 t

er
ti

le

N
ev

er
C

ur
re

nt
Fo

rm
er

<
2 

ho
ur

s/
w

ee
k

2–
4 

ho
ur

s/
w

ee
k

≥5
 h

o
ur

s/
w

ee
k

0
0.

01
–2

.2
7

2.
28

–5
.7

4
≥5

.7
5

n=
14

0
28

.5
0%

n=
11

7
23

.8
0%

n=
12

2
24

.8
0%

n=
11

3
23

.0
0%

n=
27

2
55

.3
0%

n=
90

18
.3

0%
n=

13
0

26
.4

0%
n=

25
6

54
.1

0%
n=

17
5

35
.6

0%
n=

51
10

.4
0%

A
ge

 (y
ea

rs
)

 �
<

35
46

32
.9

38
32

.5
25

20
.5

27
23

.9
71

26
.1

28
31

.1
38

29
.2

78
29

.3
47

26
.9

11
21

.6

35
–3

9
70

50
50

42
.7

64
52

.5
59

52
.2

13
1

48
.2

46
51

.1
65

50
12

3
46

.2
89

50
.9

31
60

.8

 �
≥4

0
24

17
.1

29
24

.8
33

27
27

23
.9

70
25

.7
16

17
.8

27
20

.8
65

24
.4

39
22

.3
9

17
.6

C
ol

le
ge

 d
eg

re
e

49
35

64
54

.7
70

57
.4

72
63

.7
15

1
55

.5
35

28
.5

66
50

.8
12

0
45

.1
11

0
62

.9
25

49

C
au

se
 o

f i
nf

er
til

ity

 �
M

al
e 

fa
ct

or
 o

nl
y

37
26

.4
35

29
.9

33
27

23
20

.4
69

25
.4

22
24

.4
37

28
.5

68
25

.6
47

26
.9

13
25

.5

 �
Lo

w
 o

va
ria

n 
re

se
rv

e
26

18
.6

25
21

.4
24

19
.7

22
19

.5
55

20
.2

20
22

.2
22

16
.9

51
19

.2
36

20
.6

10
19

.6

 �
E

nd
om

et
rio

si
s

27
19

.3
21

18
28

23
27

23
.9

52
19

.1
19

21
.1

32
24

.6
64

24
.1

29
16

.6
10

19
.6

 �
O

vu
la

to
ry

10
7.

1
5

4.
3

4
3.

3
0

0
15

5.
5

0
0

4
3.

1
12

4.
5

5
2.

9
2

3.
9

 �
Tu

b
al

11
7.

9
17

14
.5

11
9

15
13

.3
19

7
16

17
.8

19
14

.6
26

9.
8

21
12

7
13

.7

 �
U

ne
xp

la
in

ed
29

20
.7

14
12

22
18

26
23

62
22

.8
13

14
.4

16
12

.3
45

16
.9

37
21

.1
9

17
.6

B
M

I (
kg

/m
-2

)

 �
<

18
.5

12
8.

6
11

9.
4

12
9.

8
12

10
.6

28
10

.3
8

8.
9

11
8.

5
28

10
.5

15
8.

6
4

7.
8

 �
18

.5
–2

4.
9

98
70

80
68

.4
97

79
.5

94
83

.2
20

2
74

.3
67

74
.4

10
0

76
.9

19
0

71
.4

13
7

78
.3

42
82

.4

 �
25

.0
–2

9.
9

16
11

.4
15

12
.8

8
6.

6
7

6.
2

26
9.

6
7

7.
8

13
10

29
10

.9
13

7.
4

4
7.

8

 �
≥3

0.
0

14
10

11
9.

4
5

4.
1

0
0

16
5.

9
8

8.
9

6
4.

6
19

7.
1

10
5.

7
1

2

O
cc

up
at

io
na

l P
A

 �
H

ea
vy

/m
od

er
at

e
50

35
.7

27
23

.3
33

27
.1

28
24

.8
70

25
.7

26
28

.9
42

32
.3

83
31

.3
40

22
.9

15
30

 �
M

ai
nl

y 
st

an
d

in
g

32
22

.9
30

25
.9

25
20

.5
19

16
.8

58
21

.3
22

24
.4

26
20

60
22

.6
32

18
.3

14
28

 �
M

ai
nl

y 
si

tt
in

g
58

41
.4

59
50

.9
63

51
.6

66
58

.4
14

4
52

.9
42

46
.7

60
46

.2
12

2
46

.1
10

3
58

.9
21

42

P
re

vi
ou

s 
A

R
T 

cy
cl

e
84

60
67

57
.3

69
56

.6
65

57
.5

16
5

60
.7

42
46

.7
78

60
15

5
58

.3
98

56
32

62
.8

M
ea

n 
ca

lo
rie

s 
(k

ca
l/

d
ay

), 
m

ea
n 

(S
D

)
17

11
45

8
17

05
40

1
17

82
41

5
18

12
49

3
17

64
43

7
17

61
44

6
17

12
45

7
17

88
44

4
17

39
42

5
15

97
48

1

M
ed

ite
rr

an
ea

n 
d

ie
t

S
co

re
 (n

=
47

3)
*

 �
0–

4
51

38
.4

37
32

.5
33

28
34

31
.5

75
28

.6
32

37
.2

25
20

79
31

.1
41

24
.3

12
24

.5

 �
5–

6
53

39
.8

52
45

.6
53

44
.9

45
41

.7
11

3
43

.1
31

36
.1

56
44

.8
11

0
43

.3
73

43
.2

16
32

.6

 �
7–

9
29

21
.8

25
21

.9
32

27
.1

29
26

.8
74

28
.2

23
26

.7
44

35
.2

65
25

.6
55

32
.5

21
42

.9

B
ol

d
: p

<
0.

05
; s

om
et

im
es

 t
he

 s
um

s 
d

o 
no

t 
ad

d
 u

p
 t

o 
th

e 
to

ta
l b

ec
au

se
 o

f m
is

si
ng

 v
al

ue
s.

*M
D

S
 w

ith
ou

t 
al

co
ho

l w
as

 c
al

cu
la

te
d

 fo
r 

cl
as

s 
of

 a
lc

oh
ol

 in
ta

ke
.

A
R

T,
 a

ss
is

te
d

 r
ep

ro
d

uc
tio

n 
te

ch
no

lo
gy

; B
M

I, 
b

od
y 

m
as

s 
in

d
ex

;P
A

, p
hy

si
ca

l a
ct

iv
ity

.

P
rotected by copyright.

 on D
ecem

ber 29, 2020 at U
niversita degli S

tudi di M
ilano.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2020-038837 on 26 N
ovem

ber 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


5Ricci E, et al. BMJ Open 2020;10:e038837. doi:10.1136/bmjopen-2020-038837

Open access

Ta
b

le
 2

 
R

el
at

iv
e 

ris
ks

 fo
r 

cl
in

ic
al

 o
ut

co
m

es
 o

f A
R

T 
in

 4
92

 w
om

en
 a

cc
or

d
in

g 
to

 a
lc

oh
ol

, s
m

ok
in

g 
ha

b
its

 a
nd

 le
is

ur
e 

PA

N
N

um
b

er
 o

f 
hi

g
h-

q
ua

lit
y 

o
o

cy
te

s(
m

ed
ia

n,
 Q

1–
Q

3)

E
m

b
ry

o
 

tr
an

sf
er

A
R

R
 (9

5%
 C

I)

C
lin

ic
al

 
p

re
g

na
nc

y

A
R

R
 (9

5%
 C

I)

Li
ve

 b
ir

th

A
R

R
 (9

5%
 C

I)
N

%
N

%
N

%

A
lc

oh
ol

 in
ta

ke

 �
A

b
st

ai
ne

rs
14

0
5 

(3
–8

)
16

11
.4

1
92

65
.7

1
10

2
72

.9
1

 �
Fi

rs
t 

te
rt

ile
11

7
4 

(2
–8

)
14

12
.0

0.
99

 (0
.9

0 
to

 1
.1

0)
72

61
.5

1.
11

 (0
.8

1 
to

 1
.5

3)
84

71
.8

1.
01

 (0
.6

8 
to

 1
.5

1)

 �
S

ec
on

d
 t

er
til

e
12

2
4 

(3
–7

)
16

13
.1

0.
99

 (0
.8

9 
to

 1
.0

9)
91

74
.6

0.
80

 (0
.5

4 
to

 1
.1

8)
98

80
.3

0.
77

 (0
.4

8 
to

 1
.2

1)

 �
Th

ird
 t

er
til

e
11

3
5 

(3
–8

)
19

16
.8

0.
97

 (0
.8

7 
to

 1
.0

8)
80

70
.8

0.
90

 (0
.6

2 
to

 1
.3

0)
87

77
.0

0.
89

 (0
.5

7 
to

 1
.3

7)

 �
≥1

 d
rin

k/
d

ay
28

5 
(3

–8
)

5
17

.8
0.

97
 (0

.8
1 

to
 1

.1
8)

19
67

.9
1.

12
 (0

.6
2 

to
 2

.0
0)

20
71

.4
1.

31
 (0

.6
9 

to
 2

.4
8)

C
ur

re
nt

 s
m

ok
in

g

 �
N

ev
er

27
2

5 
(3

–8
)

34
12

.5
1

18
7

68
.8

1
20

9
76

.8
1

 �
C

ur
re

nt
91

5 
(3

–8
)

13
14

.4
0.

98
 (0

.8
8 

to
 1

.0
9)

64
71

.1
0.

91
 (0

.6
2 

to
 1

.3
3)

68
75

.6
1.

09
 (0

.7
0 

to
 1

.6
9)

 �
Fo

rm
er

13
0

5 
(3

–8
)

18
13

.8
0.

99
 (0

.9
2 

to
 1

.0
9)

84
64

.6
1.

08
 (0

.8
1 

to
 1

.4
5)

94
72

.3
1.

13
 (0

.8
0 

to
 1

.6
0)

 �
C

ur
r e

nt
 ≤

5 
ci

ga
re

tt
es

/d
ay

42
5 

(3
–7

)
8

19
.0

0.
95

 (0
.9

2 
to

 1
.1

0)
32

74
.4

0.
82

 (0
.4

9 
to

 1
.3

9)
34

79
.1

0.
92

 (0
.5

0 
to

 1
.6

8)

 �
C

ur
r e

nt
 >

5 
ci

ga
re

tt
es

/d
ay

48
4 

(3
–8

)
5

10
.4

1.
00

 (0
.8

8 
to

 1
.1

6)
32

68
.1

0.
94

 (0
.6

0 
to

 1
.4

8)
34

72
.3

1.
14

 (0
.6

8 
to

 1
.9

0)

 �
C

ur
re

nt
 ≥

20
 c

ig
ar

et
te

s/
d

ay
6

3 
(2

–6
)*

2
33

.3
0.

84
 (0

.5
4 

to
 1

.3
2)

5
83

.3
0.

43
 (0

.0
7 

to
 2

.5
5)

5
83

.3
0.

61
 (0

.1
0 

to
 3

.6
7)

 �
Fo

rm
er

 (1
–5

 y
ea

rs
)

75
5 

(3
–9

)
14

18
.7

0.
96

 (0
.8

6 
to

 1
.0

7)
51

68
.0

0.
99

 (0
.6

8 
to

 1
.4

4)
56

74
.7

1.
05

 (0
.6

8 
to

 1
.6

1)

 �
Fo

rm
er

 (>
5 

ye
ar

s)
55

5 
(2

–9
)†

4
7.

3
1.

03
 (0

.8
8 

to
 1

.2
1)

33
60

.0
1.

22
 (0

.8
4 

to
 1

.6
6)

38
69

.1
1.

28
 (0

.8
1 

to
 2

.0
1)

Le
is

ur
e 

PA
 (h

ou
rs

/w
ee

k)

 �
<

2
26

6
5 

(3
–8

)
35

13
.2

1
17

9
67

.3
1

19
9

74
.8

1

 �
2–

4
17

5
4 

(3
–8

)
20

11
.4

1.
02

 (0
.9

4 
to

 1
.1

1)
11

3
64

.6
1.

13
 (0

.8
6 

to
 1

.4
8)

12
8

73
.1

1.
08

 (0
.6

8 
to

 1
.5

0)

 �
≥5

51
4 

(2
–8

)
10

19
.6

0.
93

 (0
.7

9 
to

 1
.0

8)
43

84
.3

0.
44

 (0
.2

2 
to

 0
.9

0)
44

86
.3

0.
48

 (0
.2

2 
to

 1
.0

5)

Th
e 

fin
al

 m
od

el
 in

cl
ud

ed
 a

ge
 c

la
ss

, c
ol

le
ge

 d
eg

re
e,

 B
M

I c
la

ss
 (<

25
.0

, ≥
25

.0
), 

oc
cu

p
at

io
na

l P
A

 p
re

vi
ou

s 
A

R
T 

cy
cl

es
 a

nd
 c

al
or

ie
s 

in
ta

ke
. C

au
se

 fo
r 

in
fe

rt
ili

ty
 fo

r 
sm

ok
in

g 
ha

b
its

 a
nd

 M
D

S
 

sc
or

e 
fo

r 
PA

 w
er

e 
al

so
 in

cl
ud

ed
.

*p
=

0.
04

7 
as

 c
om

p
ar

ed
 w

ith
 n

ev
er

 s
m

ok
er

s.
†p

=
0.

00
3 

as
 c

om
p

ar
ed

 w
ith

 n
ev

er
 s

m
ok

er
s.

A
R

R
, a

d
ju

st
ed

 r
el

at
iv

e 
ris

k;
 A

R
T,

 a
ss

is
te

d
 r

ep
ro

d
uc

tio
n 

te
ch

no
lo

gy
; B

M
I, 

b
od

y 
m

as
s 

in
d

ex
; M

D
S

, M
ed

ite
rr

an
ea

n 
D

ie
t 

S
co

re
; P

A
, p

hy
si

ca
l a

ct
iv

ity
.

P
rotected by copyright.

 on D
ecem

ber 29, 2020 at U
niversita degli S

tudi di M
ilano.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2020-038837 on 26 N
ovem

ber 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


6 Ricci E, et al. BMJ Open 2020;10:e038837. doi:10.1136/bmjopen-2020-038837

Open access�

Analysing alcohol intake (g) and number of cigarettes 
as continuous variables, we did not find any significant 
correlation with number of high-quality oocytes. Since 
most women did not smoke, median intakes were 0 
(IQR 0–0) in all categories and no differences could be 
observed. As regards alcohol, women who underwent 
embryo transfer had median intakes lower than those 
who did not (1.9 (IQR 0–5.3) g/day vs 2.7 (IQR 0–7.5) 
g/day, p=0.16); those who achieved clinical pregnancy 
consumed 1.8 (IQR 0–4.7) g/day and those who did not 
achieve it consumed 2.4 (IQR 0–5.6) g/day (p=0.11). 
Women with live birth had lower alcohol intake than 
those without live birth (1.8 (IQR 0–5.3) g/day vs 2.3 
(IQR 0–5.6) g/day, p=0.20). None of these differences 
were statistically significant.

Considering ICSI and IVF separately, ART outcomes 
were similar, and including this variable in the equations 
did not affect the risk estimation.

Finally, we controlled these results for partner’s char-
acteristics and lifestyle, in a subgroup of 324 couples 
with complete information for both male and female. 
Men’s age was significantly associated with higher rate of 
negative outcomes in the univariate analysis, but when 
including women’s age in the model, this relationship lost 
significance. As regards to women lifestyle, results did not 
change. Men’s lifestyle (smoking, alcohol drinking and 
PA) did not have any significant impact on ART outcomes.

DISCUSSION
In this sample of women referring to an Italian fertility 
centre, lifestyle habits did not play a significant role in the 
outcome of ART, except for heavy smoking, associated 
with fewer good-quality oocytes, and high PA, associated 
with lower rate of pregnancy.

Alcohol
The role of alcohol intake on spontaneous fertility has 
been associated with decreased fertility and chance of 
conception.4 34 35 A recent meta-analysis of observational 
studies, including about 100 000 women, suggested that 
alcohol consumption was associated with reduced fecund-
ability.36 In biological terms, alcohol may lower fertility 
affecting endogenous hormone levels37 and embryo 
quality.38

The role of alcohol intake on ART success rate has 
been analysed in some studies showing inconsistent 
results.5 6 39 40 These differences may be partially due to 
the high heterogeneity between studies, in particular in 
terms of intake prevalence. For example, in Boston, USA, 
a study found that 30% of women reporting >1 unit/day of 
alcohol intake had an increased risk of adverse outcome, 
but no association between low-to-moderate alcohol 
consumption was observed.39 The literature suggests that 
alcohol drinking at start of ART may exert a detrimental 
effect, but the evidence is still limited.7

Along this line, we did not find any association between 
alcohol intake and ART outcomes, but we were not able 

to analyse the effect of high alcohol intake, present in 
only 5.7% of our sample.

Smoking
Since it appears to have a detrimental effect on spon-
taneous fertility,1 41 it has been suggested that cigarette 
smoking may affect IVF outcomes as well.

However, individual studies available on this issue do 
not always support a significant association between 
smoking and IVF success or oocyte quality. For example, 
in a study conducted in Australia in women undergoing 
IVF,6 the mean number of oocytes did not significantly 
differ between regular smokers (11.1, SD 6.5), ex-smokers 
(11.8, SD 10.1) or non-smokers (11.2, SD 7.6), indicating 
that smoking might not influence oocytes production. 
Interestingly, the same analysis showed that fertilisation 
rates were not influenced by current smoking status but 
decreased as years of smoking increased (p<0.001).

In a large Dutch nationwide retrospective analysis 
conducted on 8457 patients,42 no significant difference 
was observed in the mean number of oocytes retrieved 
between non-smokers and smokers, yet there were signifi-
cantly lower clinical pregnancy and live birth rates for 
smoking patients.

These findings regarding clinical pregnancies and live 
birth rate were further confirmed by more recent meta-
analysis and reviews.8 9 As regards to former smokers, they 
tend to have better ART outcomes than current smokers,7 
but the evidence is scanty about the influence of smoking 
cessation on ART outcomes.

Vanegas et al suggested that male smoking could also be 
associated with ART outcomes.43 Whereas male current 
smoking did not affect the different stages of ART (egg 
retrieval, fertilisation, embryo transfer, implantation, clin-
ical pregnancy and live birth), among past smokers every 
additional year since a man had quit smoking reduced 
the risk of failing ART by 4%, particularly between clin-
ical pregnancy and live birth.

In our sample, good-quality oocytes number was signifi-
cantly lower in women who had smoked 20 or more 
cigarettes per day in the year before ART procedure, 
as compared with never smokers, as well as to women 
currently smoking 5 or less cigarettes/day. No signifi-
cant effect was observed on clinical pregnancy and live 
birth. However, only six women had such a high level of 
smoking, thus our estimates should be considered with 
caution. Male smoking did not appear as a contributing 
factor to ART failure.

Leisure PA
Findings from the literature are inconsistent. Among 
2232 patients prospectively enrolled before their first IVF 
cycle, Morris et al13 found that women who exercised 4 or 
more hours per week, for 1–9 years before ART cycle, were 
more likely to experience an implantation failure (OR 
2.0, 95% CI 1.4 to 3.1) or pregnancy loss (OR 2.0, 95% CI 
1.2 to 3.4) than women who did not report exercise.
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On the contrary, in a group of 131 women14 those who 
were physically more active during the ART procedure 
were more likely to have an increased implantation rate 
and a live birth; none of these women met the criteria for 
high PA, so that the comparison was done between low and 
moderate PA. On the same line, an observational study44 
found that a self-reported active lifestyle in the preceding 
year affected favourably the ART outcome in 121 women, 
with clinical pregnancy more likely in women with a level 
above median for each kind of activity: active living (OR 
1.96, 95% CI 1.09 to 3.50), sports/exercise (OR 1.48, 
95% CI 1.02 to 2.15) and total activity (OR 1.52, 95% CI 
1.15 to 2.01). Recently, findings from the Environment 
and Reproductive Health (EARTH) Study45 suggested 
that time spent in moderate-to-vigorous physical activities 
before IVF was not associated with probability of implan-
tation, clinical pregnancy or live birth, in 273 women 
who underwent 427 IVF cycles. Pooled estimates from a 
recent meta-analysis16 suggested a beneficial effect of PA 
on ART outcomes, and no effect on spontaneous abor-
tion; despite this, study results are widely heterogeneous.

In our sample, we found a lower risk of clinical preg-
nancy in women with  ≥5 hours/week of leisure PA, but 
this relationship was not significant as regards live birth.

Strengths and limitations
Potential limitations should be considered. All informa-
tion on smoking and drinking was self-reported by women, 
so some underestimates could have occurred. However, in 
Italy, alcohol consumption is socially accepted and recom-
mendations to avoid alcohol to protect fertility have not 
received widespread attention and are not routinely advo-
cated by gynaecologists before IVF.

Other sources of bias, including selection or 
confounding factors, are also unlikely to have produced 
marked effects, especially considering that all women 
were interviewed in the same institution and that partic-
ipation was practically complete. Moreover, we analysed 
information on nutritional status, and their inclusion into 
the model did not change the estimated RRs.

A further limitation was that knowledge regarding type 
of physical exercise was limited, because we recorded 
total number of weekly hours spent exercising, but not 
intensity or type of exercise.

Comparing the clinical pregnancy percentage in women 
who did not drink at all and those in the third tertile of 
intake, the power of detecting a significant difference 
was about 13%. Using our data, with 30% prevalence of 
abstainers, we could identify a RR of not achieving clin-
ical pregnancy of 1.8 for drinkers.

Lastly, this study only included women presenting for 
ART, thus the findings are not generalisable to the wider 
population.

CONCLUSIONS
Our study did not show significant differences in IVF 
outcomes among women who used alcohol or tobacco in 

the year prior to treatment. Considering that reassuring 
results of our study were related to moderate alcohol 
intake and cigarette smoking, conservatively all women 
seeking pregnancy should be advised to limit or avoid 
substance abuse. Moderate PA as a part of a healthy life-
style is also advisable, although current knowledge does 
not support consistent evidence of a direct beneficial 
effect.
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