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Abstract 

Caffeine is widely consumed by both men and women but its pharmacological effects have not been well studied in the area of assisted 
reproduction. Various authorities indicate that caffeine consumption up to 400 mg per day is safe, but caution is advised for women who 
are, or are contemplating pregnancy and they should keep their intake under 200 mg per day. Our lifestyle studies at Curtin University 
showed adverse effects from caffeine consumption in both men and women. For men, fertilization rates were negatively associated with 
caffeine consumption (P<0.05) as well as IVF-related stress (P<0.005). Furthermore, caffeine negated the beneficial effect of male alcohol 
consumption, comprising mainly beer, on fertilization. For women, fertilization rates were negatively associated with caffeine 
consumption (P<0.005) and smoking history in years (P<0.001). However, our studies could not show any effect of caffeine consumption 
on the chance of pregnancy or miscarriage up to week 12 from either male intake (up to 4495 mg per week) or female intake (up to 2706 
mg per week). We conclude that there is likely to be an effect from caffeine on one-Carbon metabolism and future studies need to 
interrogate the concomitant nutritional intake of B-vitamins and serum homocysteine levels, which can indirectly indicate deficiency or 
interference with this important metabolic pathway. 
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Running Title: Caffeine reduced fertilization, probably by interfering with 1-Carbon metabolism. 
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Introduction 
Caffeine is probably the most frequently ingested pharmacologically active 
substance in the world, found in common beverages (coffee, tea, soft drinks), 
products containing cocoa or chocolate, and medications [1]. Maximum 
caffeine concentrations in blood are reached within 1–1.5 hours following 
ingestion and readily distributed throughout the entire body. It crosses the 
blood–brain barrier, through the placenta into amniotic fluid and the fetus, and 
into breast milk. Caffeine has also been detected in semen [2,3] as well as 
follicular fluid [4].Caffeine is metabolised by the liver via the hepatic enzyme 
cytochrome P450 1A2 (CYP1A2) which de-methylates caffeine to produce the 
primary metabolite paraxanthine (84%), followed by theobromine (12%) and 
theophylline (4%) [5]. Caffeine’s half-life is approximately 4 to 6 hours but 
this can vary depending on various factors [6]. For example, smoking increases 
caffeine metabolism by increasing both CYP1A2 activity and drug elimination, 
alternatively, pregnancy slows caffeine metabolism and increases its half-life 
[7,8]. 
The primary molecular action of caffeine is via nonspecific binding to 
adenosine G protein-coupled receptors due to caffeine being chemically similar 
in structure to adenosine [9,10]. The effects associated with caffeine-mediated 
inhibition of normal adenosine signalling include increased release of 
norepinephrine, serotonin, dopamine and catecholamines [6].It has been 
reported that moderate caffeine intake at a dose of 400 mg/day is not associated 

with adverse effects such as general toxicity, cardiovascular effects, 
changes in adult behaviour, increased incidence of cancer nor effects 
on male fertility [1]. The same article also proposed that women 
within the reproductive age can be defined as an ‘at risk’ group. As 
such they may require specific advice on moderating their caffeine 
intake and recommended that caffeine intake for women who plan to 
become, or are currently, pregnant should not exceed 300 mg/day. 
However, to date, there has been no definitive answer provided 
regarding the effects of caffeine consumption in relation to assisted 
reproduction technologies (ART), in particular that concerning in 
vitro fertilization (IVF) and embryo transfer (ET). This review aims 
to describe an original study undertaken as part of a thesis for 
Doctorate of Philosophy (PhD) at Curtin University [11] as well as 
reviewing further published findings examining the effect of caffeine 
consumption on ART outcomes. The Curtin Study examined a range 
of factors potentially impacting on ART outcomes with several of 
these already published [12,13]. This report will focus specifically on 
the findings regarding caffeine consumption and other potential 
lifestyle confounders. 
Methods/Study design 

 
By design, the Curtin study was a prospective cohort. Ethical approval 
to conduct the proposed study was obtained from the 
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Western Australian Reproductive Technology Council (WARTC) as well as 
from the Curtin University Human Research Ethics Committee (CUHREC) 
and from the Cambridge Private Hospital Ethics Committee (CPHEC) which 
acted as PIVET Medical Centre’s Human Reproductive Ethics committee at 
the time. From January 1997 to August 1998, 351 couples who commenced 
their first IVF treatment at PIVET Medical Centre were recruited into this 
study. They comprised 281 females and 247 males. 
The couples undergoing IVF treatment were recruited and followed through to 
pregnancy outcome, including miscarriage and completion of the first trimester 
with first trimester screening (FTS) to determine a viable pregnancy and risk 
for fetal malformations. Early in the course of IVF treatment, measures of 
lifestyle were ascertained from both parents. For the purpose of this review, the 
focus will be on the couple’s reported caffeine consumption. As couples 
proceeded through the treatment stages of IVF, the intermediate clinical 
outcomes of oocyte production, fertilization rate and ET outcomes were 
documented. Sixteen days post-ET, pregnancy status was determined by 
hormonal analysis. By definition, pregnancy was defined as a beta-HCG level 
≥ 25 IU/L at 16 days post embryo transfer. Women diagnosed as pregnant at 
this stage were monitored until week 12 of pregnancy. Multivariate statistical 
methods were used to determine the impact of lifestyle factors on these clinical 
outcomes of IVF treatment. 
Data collection on lifestyle variables was self-reported but was fastidiously 
obtained through the Lifestyle Questionnaire/Diary (LQ/D). The LQ/D 
comprised of two parts: 1) questionnaire and 2) diary. The first part was a four- 
page questionnaire that was used to obtain data on demographic information 
not available from patient records, including birth place and education. It was 
also used to acquire data on smoking history, including years of tobacco 
consumption, cigarette brand, as well as information on usual tea and coffee 
consumption. Patients were instructed to complete the questionnaire on Day 4 
of the female patient’s treatment cycle. The second part of the LQ/D was a 7- 
day, questionnaire-style diary. Patients were requested to commence the diary 
on Day 4, after completing the questionnaire, and continue through to Day 10. 
The self-reported diary entries were validated by cross-checking from the 

Curtin researchers at the time of submission. 
Tobacco consumption, caffeine intake and stress levels were included 
in the data collected in the diary each day. Two general appraisal 
questions were devised to separate the stress experienced due to 1) 
daily living in general and 2) IVF treatment. Each required the 
respondent to indicate their stress level on a scale from 0 (‘absolutely 
no stress’) to 10 (‘most stress possible’). For each criteria of stress, 
total weekly levels were calculated by simply summing the seven 
daily scores, creating a possible value range from 0 to 70. 
Data on caffeine consumption included intake from coffee, tea, cola 
and iced coffee beverages. In accord with the recommendations of 
Schreiber et al. (1988) (14), the diary was devised so as caffeine 
intake took account of 1) decaffeinated beverages, 2) brewing 
methods of coffee, 3) the proportion of the beverage consumed, and 
4) caffeine-containing prescription and ‘over-the-counter’ 
medication. 
To quantify the amount of caffeine consumed, the Caffeine Survey 
(1995) [15] was used to convert the self-reported lifestyle data from 
the LQ/D into total weekly caffeine consumption in mg. The Caffeine 
Survey (1995) was based on a submission by the Health Department 
of Western Australia (WA) between June and December 1994 of 107 
food samples to the Chemistry Centre of WA for caffeine analysis. 
The caffeine content of 107 food samples including beverages were 
listed in the survey. 
In order to use the caffeine values of the instant coffee beverages 
listed in the Caffeine Survey (1995), the Curtin researchers had to 
convert the various teaspoon measures into grams of instant coffee. 
A project was undertaken and conducted at Curtin University of  
Technology, WA, in the School of Public Health food science 
laboratory. The researchers concluded that the mean weight of instant 
coffee in a level and heaped teaspoon was 1.26g and 2.10g, 
respectively (Supplemental Table S1). 

 
Instant coffee brand weight (gms) 

 first second third fourth fifth mean 

Level teaspoon       

International Roast 1.23 1.27 1 1.19 1.22 1.18 

Nescafe 43 Blend 1.29 1.47 1.5 1.31 1.24 1.36 

Moccona Indulgence 1.31 1.19 1.26 1.2 1.3 1.25 

    grand mean 1.26 
Heaped teaspoon       

International Roast 2.49 2.23 2.26 2.2 2.06 2.25 

Nescafe 43 Blend 2 2.07 2.09 2.11 1.92 2.04 

Moccona Indulgence 1.94 2.08 2.01 2.05 1.97 2.01 

    grand mean 2.1 

 
Estimated Average Grams of Instant Coffee in a Teaspoon 
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The Caffeine Survey (1995) listed the caffeine content of ten brands of 
caffeinated instant coffee beverages, each being made from a serve size of 
2g (Supplemental Table S2). The mean caffeine content of these ten 

brands was 72mg per 2g serve. The average caffeine content of four 
brands of decaffeinated instant coffee was 3mg per 2g serve 
(Supplemental Table S2). 

 
 Brand of instant coffee product label 

%m/m(a,b) 
caffeine (mg) 

per 2gm serve (c) 

1 Bushells 3.8 76 

2 Bushells Pablo 4 80 

3 Home Brand 3.8 76 

4 International Roast 4 80 

5 Maxwell House Special Cup 3.1 62 

6 Moccona freeze dried 3.2 64 

7 Nescafe Blend 43 3.5 70 

8 Nescafe Gold Blend freeze dried 3.1 62 

9 Nescafe Espresso 3.6 72 

10 Savings 3.8 76 

  mean 71.8 

 Brand of decaffeinated instant coffee product label 
%m/m 

caffeine (mg) 
per 2gm serve 

1 Cafe Hag instant coffee 2400 mg/kg 5 

2 International Roast instant coffee 0.09% m/m 2 

3 Moccona instant coffee granules 1600 mg/kg 3 

4 Nescafe Decaf 0.14% m/m 3 

  mean 3 

 
Supplemental Table S2: Caffeine Content of Caffeinated and Decaffeinated Instant Coffee 

 
For tea beverages, the survey applied a caffeine value of 52mg per 2g teabag (Supplemental Table S3), which was the mean calculated from the nine 
brands of tea bag investigated. 
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 Tea bag sample product label 
%m/m (a,b) 

caffeine (mg) 
per 2m teabag (c) 

 Caffeinated   

1 Brooke Bond PG tips two cup size tea bag 3.1 62 

2 Bushells blue label tea cup bag 2.8 56 

3 Bushells extra strong round tea bags 2.8 56 

4 Dilmah 100% tea cup bags 1.5 30 

5 Earl Grey - Twinings tea bags 3.0 60 

6 English Breakfast - Twinings tea bags 3.4 68 

7 Nerada tea bags 2.0 40 

8 Tetley tea chest tea bags 2.4 48 

9 Tetley tea cup bags 2.5 50 

  Mean 52 

 Decaffeinated   

1 Lipton naturally decaf teabag (<4.0% caffeine) 0.38 8 

2 Tetley decaffeinated tea bag (<0.3% caffeine) 2.1 42 

3 Tetley decaffeinated tea bag (<0.3% caffeine) 0.05 1 

  Mean 17 

 
Supplemental Table S3: Estimated Average Caffeine Content of Tea Bags 

 
a stated on product label, as reported in the 1995 Caffeine Survey 
b 1% m/m is equal to 10,000mg/kg 
c value reported in the 1995 Caffeine Survey 
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A mean caffeine value of 51mg was given for tea beverages made from 
loose tea leaves based on 4 loose tea brands. For decaffeinated tea bags, a 
mean caffeine value of 17mg was given (Supplement Table S3). Kola 
drinks were 

also included as part of the Caffeine Survey (1995). Based on three Kola 
drinks, a mean caffeine value of 10.2 mg/100ml was given (Supplemental 
Table S4) 

 
 Kola Drinks Caffeine 

mg/L (a) 
Serving size (mL) Caffeine (mg) per 

serve 
Caffeine (mg) per 

100mL 

1 Coca Cola 96 375 36 9.6 

2 Dr Pepper 110 354 39 11.0 

3 Pepsi Cola 100 375 38 10.1 

    mean 10.2 

 Diet     

1 Diet Coca Cola 140 375 53 14.1 

2 Diet Pepsi 110 375 41 10.9 

    mean 12.5 

 Caffeine free     

1 Diet Pepsi <1 375 <1 0 

2 Diet Coke <1 375 <1 0 

    mean 0 

Supplemental Table S4: Caffeine Content of Kola Drinks 

(a) as reported on the product label 
 
 

For the main outcome measures of the study, multivariate methods of data 
analyses were used to control for patient and treatment variables in the 
examination of the effect of lifestyle factors on the following clinical outcomes: 
1) number of oocytes retrieved by transvaginal oocyte aspiration (oocytepick- 
up [OPU]), 2) fertilization, measured as the number of oocytes fertilized 
against the number of oocytes inseminated, 3) beta-human chorionic 
gonadotrophin   (HCG)  pregnancy,   16   days  post-embryo   transfer,  and 4) 
<12week pregnancy loss following confirmation of beta-HCG pregnancy. As 
a measure of ovarian reserve, serum basal follicle stimulating hormone (FSH) 
levels were also investigated as a dependent variable. Lifestyle factors included 
years of cigarette smoking (smoke years), tobacco, alcohol, caffeine and fruit 
and vegetable consumption, and stress from daily living and IVF treatment. 
Scatterplots and Pearson’s correlation coefficients (r) were used to investigate 
linear associations between continuous independent variables and oocyte 
production. To generate a multiple logistic regression model, the best subset of 
twelve variables (including the constant) was generated using various model 

fitting strategies: full model (forcing the fit of all of the variables into 
the model), backward elimination (with sequential removal of 
variables from the full model based on the highest P value), forward 
selection, stepwise selection (with sequential variable selection based 
on the lowest P value in the full model) and exhaustive search. All 
models contained female nicotine and smoke years and also male 
nicotine, alcohol, fruit and vegetable and finally male IVF stress. 
Results 
Figure 1 shows the flow chart for the 351 couples recruited into the 
study, whereby 61 couples achieved a pregnancy with a normal FTS 
evaluation and were ongoing at 12 weeks. Information was obtained 
on the weekly levels of caffeine consumption from 238 of the 281 
women initially recruited. Overall a total of 227 of the 238 women 
consumed caffeine during the week of the diary, ranging from 4 to 
3186 mg/week (Figure 2). The median caffeine consumption was 
800 mg/week. 

http://www.auctoresonline.org/
https://www.auctoresonline.org/journals/obstetrics-gynecology-and-reproductive-sciences


  Auctores Publishing–Volume 2(2)-022 www.auctoresonline.org Page-6 

 

 

cs Gynecology and Reproductive Sciences  J Obstetri  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Flow chart of reference population (n=351 couples), study samples and subsamples. OPU; oocyte pick-up. Pregnancy diagnosed at β- 
HCG level ≥25 IU/L 
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Negative linear associations were suggested, albeit weak between number of oocytes and caffeine consumption (r=-0.15, P=0.02) and alcohol 
consumption (r=-0.15, P=0.02) (Figure. 2). 
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Figure 2: Histogram of Caffeine Consumption 
 
 

With regards to fertilization, 6 women and 7 men reportedly did not consume caffeine. Of the women who did consume caffeine, their intake ranged 
between 4 and 2706 mg/week, with a mean value of 902 mg/week (Table 1). For male caffeine consumers, their intake ranged between 20 to 4495 
mg/week, with a mean of 1152 mg/week (Table 1). 
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Gender Variable  Min Max  Median  IQR Mean SD 

Female Smoke Years  0 25  1  10 5.2 - 

 Caffeine (mg/wk)  0 2706  846  - 902 644 

 Caffeine (mg/wk)#  4 2706  846  - 939 630 

 Alcohol (std drinks/wk)  0 27  0.8  5 3 - 

           

 Daily Stress  0 57  19  - 19.4 11.4 

 
IVF Stress 

 
0 45 

 
17 

 
- 17.7 11.9 

 

Male 
 

Smoke Years 

  
0 

 
29 

  
0 

  
12 

 
6.2 

 
- 

 
Caffeine (mg/wk) 

 
0 4495 

 
1033 

 
- 1152 845 

 
Caffeine (mg/wk)# 

 
20 4495 

 
1033 

 
- 1207 825 

 Alcohol (std drinks/wk)  0 79  7  11.8 9.9 - 

           

 Daily Stress  0 53  19.8  - 21.4 12.6 

 
IVF Stress 

 
0 63 

 
7 

 
16 11.5 - 

 
 
 
 
 
 

Table 1: Descriptive Statistics of Lifestyle Variables 
 

# excluding those who did not consume caffeine (n=6 women and n=7 men) 
 
 

Univariate analysis revealed that among female lifestyle variables, fertilization was negatively associated with smoke years (P=0.0003) and caffeine 
consumption (P=0.0037) (Table 2). Among male lifestyle variables, fertilization was negatively associated with caffeine consumption (P=0.0309) and 
IVF stress (P=0.0005) (Table 2). 
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Gender Variable Deviance df Deviance change a p value 
Female Smoke Years 355.5 150 13.21 -0.028 0.0003  
 

Caffeine (mg/wk) 360.3 150 8.4 -0.343 x 10-4 0.0037 
 

Alcohol(std drinks/wk) 368.7 150 0.05 - 0.8205 
 Daily Stress 367.4 150 1.29 - 0.2570 
 IVF Stress 365.8 150 2.88 - 0.0890 
       

Male Smoke Years 368.0 150 0.69 - 0.4046 
 Caffeine (mg/wk) 364.1 150 4.64 -1.403 x 10-4 0.0309  
 Alcohol(std drinks/wk) 365.1 150 3.69 - 0.0613 
 Daily Stress 366.2 150 2.52 - 0.1121 
 IVF Stress 356.5 150 12.19 -0.015 0.0005  
       

 
Table 2: Univariate analysis of Lifestyle Variables on Fertilization 

 

In the multiple logistic regression model, female daily stress and male 
caffeine was present in 85% and 71% of the models generated. Based on 
the interpretation of these multiple logistic regression models, male IVF- 
related stress and male caffeine consumption had a detrimental effect on 
fertilization. Although male caffeine consumption was not significant as a 

main effect (P=0.2350), it did exert a measurable effect, as is 
demonstrated by the significant interaction between male caffeine and 
alcohol consumption (Table 3). This finding implied that male caffeine 
consumption negates, to some extent, the beneficial effect of male alcohol 
consumption on fertilization as reported previously [13] 

 
   

Factor   

 SE  OR (95% CI) p value 

Constant 
 

-0.016 0.441 
 

- 0.9718 
 
Female Age 

  
-0.007 

 
0.012 

  
0.99 (0.97 - 1.02) 

 
0.5470 

 
Female Nicotine 

  
-0.025 

 
0.013 

  
0.98 (0.95 - 1.01) 

 
0.0559 

Female Smoke Years/Age 
 

-1.650 0.33 
 

0.19 (0.10 - 0.28) <0.0001 
 
 
FemaleSmoke Years/Age*Nicotine 

  
 
0.059 

 
 
0.025 

  
 
1.06 (1.01 - 1.1) 

 
 
0.0187 

Female Daily Stress 
 

0.016 0.006 
 

1.02 (1.01 - 1.03) 0.0059 
 
Male Caffeine 

  
0.120 x 10-3 

 
0.101 x 10-3 

  
1.00 (0.99 - 1.01) 

 
0.2350 

 
Male Alcohol 

  
0.073 

 
0.014 

  
1.08 (1.05 - 1.11) 

 
<0.0001 

 
 
Male Fruit&Vegetable Consumption 

  
 
0.032 

 
 
0.007 

  
 
1.03 (1.02 - 1.05) 

 
 
<0.0001 

 
Male IVF Stress 

  
-0.020 

 
0.005 

  
0.98 (0.97 - 0.99) 

 
<0.0001 

 
Male Caffeine*Male Alcohol 

  
-0.026 x 10-3 

 
0.008 x 10-3 

  
0.97 (0.96 - 0.99) 

 
0.0007 

 
Male Fruit & Veg*Male 
Alcohol 

  
 
-0.001 

 
 
0.516 x 10-3 

  
 
<1.00 (<1.00 - <1.00) 

 
 
0.0144 

       

Table 3: Final Logistic Regression Model of Factors on Fertilization 
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Lifestyle factors affecting pregnancy following IVF treatment as well as 
pregnancy loss were investigated. The couples who experienced a pregnancy 
loss before the 12th week of gestation were compared to couples whose 
pregnancy was ongoing at the 12th week. There was no association found 
between caffeine consumption and the chance of pregnancy nor the likelihood 
of first trimester pregnancy loss. 

 
Discussion 
Although this study showed that fertilization rates can be compromised, we did 
not show an association between caffeine consumption and the chance of 
pregnancy nor the rate of first trimester miscarriage. This undoubtedly relates 
to the IVF model where the average oocyte retrieval was around 10, still 
enabling a high chance of generating embryos for transfer. In the natural setting 
or when few oocytes are collected, this could translate to a reduced chance of 
pregnancy, although this was not explored in this study. Furthermore, the study 
period precedes the current era where blastocyst culture is preferred, leading to 
a high rate of single embryo transfers and more embryos cryopreserved, 
utilising vitrification. Current data from our IVF Centre shows that frozen 
embryo transfer cycles generate higher implantation rates than fresh IVF cycles 
and higher overall productivity per initiated cycle when live births are 
combined for fresh and frozen transfers [16]. Future caffeine studies should 
attend to these limitations and examine advanced criteria such as oocyte 
utilisation rate, embryo utilisation and livebirth productivity rates. 
Following Curtin’s findings, there have been two publications consisting of a 
systematic review from Denmark [17] and a population-based case-control 
study from Sweden[18] that have found an association between caffeine intake 
and spontaneous abortion. The Danish study found a significantly increased 
risk of spontaneous miscarriage with both 300mg and 600mg of caffeine 
consumption per day. The Swedish study concluded that there may be an 
increased risk of early miscarriage among non-smoking women carrying 
fetuses with normal karyotypes when moderate or high levels of caffeine were 
ingested. These studies may be more relevant for miscarriage risk having 

attended to confounders such as aneuploidy as well as analysing 
higher numbers by systematic review. 
Notwithstanding the limitations, this study found that some lifestyle 
factors were significant predictors of fertilization rates in vitro. It 
showed that caffeine consumption was not significant as a main effect 
but, indirectly, it modified the beneficial effect of male alcohol 
consumption which was previously shown to be positively associated 
with fertilization [13]. The current analysis also revealed that male 
caffeine consumption did not interact with male fruit or vegetable 
consumption. Therefore, it was hypothesised that one of the 
beneficial effects of alcohol consumption is from the consumption of 
vitamin B12 (cyanocobalamin), either from supplementation or 
derived from Brewer’s yeast for beer production, which is not shared 
with the beneficial effect of fruit and vegetable intake, and it is this 
effect that is likely negated by caffeine consumption. In recent years, 
an association has been demonstrated between caffeine, several B- 
vitamins and homocysteine levels [19]. This implies potential 
interference by caffeine in the One-Carbon metabolic pathway. 
Caffeine has been associated with increased plasma total 
homocysteine (tHcy), which has been shown to significantly reduce 
IVF outcomes such as implantation and pregnancy rate if left 
untreated [20]. 

 
It has been assumed that caffeine causes increased tHcy levels 
because its chemical structure is similar to that of theophylline, which 
acts as a vitamin B6 (Pyridoxine) antagonist [21,22,23]. 
Theophylline is also one of the metabolites of caffeine, and inhibits 
the enzyme pyridoxal kinase, which is a key enzyme in the 
conversion of vitamin B6 to its active form, pyridoxal-5’-phosphate, 
thus decreasing circulating vitamin B6 levels. Vitamin B6 deficiency 
causes increased tHcy levels, due to the significant role of vitamin 
B6 in the homocysteine trans-sulfuration metabolic pathway (Figure 
4) [24]. 

 
 

Figure 3: Scatterplots on ln(oocytes) and Lifestyle Variables 
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Another proposed mechanism by which caffeine causes raised tHcy levels is 
through the interaction between the hepatic metabolism of homocysteine and 
O-methylation of polyphenols [25]. Cholorogenic acid is the main phenolic 

compound in coffee [16], and methylation reactions transfer a methyl 
group from S-adenosylmethionine to polyphenols resulting in 
homocysteine (Figure 5) [26]. 

 

 
 
 

Figure 4: The trans-sulfuration pathway which is the major route for the metabolism of the sulfur- containing amino acids entails the transfer of the 
sulfur atom of methionine to serine to yield cysteine. 

 
(Source: Basic Neurochemistry (8th edition). Principles of Molecular, Cellular, and Medical Neurobiology. 2012. Chapter 42: Disorder of Amino Acid 

metabolism, page 737-754). 
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Figure 5: Proposed interaction between the hepatic metabolism of homocysteine (A) and the O-methylation of polyphenols (B). 
 

It has been speculated therefore that consumption of high doses of polyphenols 
might increase homocysteine production through increased methylation 
reactions [27]. 
A 2008 cohort study of 10,601 healthy Norwegians found that there was a dose- 
dependent decrease in vitamin B concentrations with increasing coffee 
consumption for all vitamins except cobalamin [16]. This was thought to be 
from the effect caffeine had on the proximal renal tubules where most of the 
vitamins were reabsorbed causing increased vitamin excretion at high blood 
vitamin concentrations. The study concluded that coffee consumption was 
associated with reduced plasma concentration of folate, pyridoxal phosphate 
(B6) and riboflavin (B2), but mainly at high vitamin concentrations and it was 
therefore hypothesised that this was due to a loss of surplus B-vitamins through 
excretion in urine. 
Additionally, caffeine consumption may affect ART outcome through 
caffeine’s relationship with sirtuins. Sirtuins, an NAD(+)-dependent class III 
histone deacetylase (HDAC) protein, has been implicated as a protective factor 
against oxidative damage caused by stress related to aging and in vitro culture 
[28]. Caffeine acts to modulate intracellular sirtuin activity but is heavily 
influenced by dietary fat consumption [29]. In obese and overweight 
individuals in particular, excess caffeine consumption should be avoided due 
to     the     possibility      of      impaired      liver      pharmacokinetics. 
Around the time of the Curtin study (1997-1998), there was only one other 
cohort study looking into the effects of caffeine on ART outcome [30]. 
Klonoff-Cohen et al. conducted a cohort study involving 221 women attending 
seven fertility clinics in Southern California. They found that women with a 
regular caffeine intake of either 2-50 and >50mg/day had adjusted odds ratio 
(95% confidence interval) of not achieving a live birth of 3.1 [1.1-9.7] and 3.9 
[1.3-11.6] respectively, compared with women consuming <2mg/d. The study 
suggested that caffeine intake should be minimised while undergoing IVF or 
gamete intrafallopian transfer (GIFT). Only 36% of women in the current study 
underwent GIFT but this technique has largely been phased out. Furthermore, 
the Californian study was performed during a time when the median number 

of embryos transferred in one ET event was 4, which is likely to be a 
significant confounder. 
Since then, there have been a few more studies that have investigated 
the effects of caffeine specifically on ART outcomes. Two of these 
studies focused on the intake of caffeine during the year prior to 
infertility treatment. The EARTH study team from Boston [31] and a 
further study from Milan [32] both showed no association between 
low to moderate caffeine intake and ART outcomes. A further 
separate group from Boston [33] conducted a large prospective study 
with 2474 couples aiming to examine the association between 
caffeine consumption and IVF outcomes. The study reported no 
association between caffeine consumption and IVF outcomes 
echoing similar observations by a more recent Boston / Tel-Aviv 
study [34] and an earlier study from Riyadh, Saudia Arabia [4]. 
The Matchinger, 2017 study (median caffeine intake 142mg/d) found 
no association between preconception caffeine and number of total, 
mature, and fertilised oocytes, embryo quality measures, 
implantation, clinical pregnancy, or live birth [34]. However, Al- 
Saleh’s 2010 study (median caffeine intake of 456mg/d) was also the 
first to report that caffeine can reach the follicular fluid and suggested 
evidence of its possible harmful role on the subsequent reproductive 
processes [4]. 
A recent, 2017 report from the EARTH study group [35] appears to 
support this current study. They found a positive association between 
male partner’s alcohol intake and probability of achieving live birth 
as a result of ART. Conversely, caffeine intake was associated with 
a lower probability of achieving live birth after ART, but it may be 
important to recognise that these findings were limited to ICSI cycles. 
The study concluded that male pre-treatment caffeine and alcohol 
intakes were associated with live birth after ART but notwith semen 
parameters. This could be attributed to caffeine’s action of inhibition 
of phosphodiesterase (PDE) enzyme activity. 
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As a methylxanthine, caffeine is classified as a nonspecific PDE inhibitor, a 
group which also includes pentoxifylline (PF) and theophylline [36]. 
Methylxanthines cause an increase in intracellular cAMP and this has been 
shown to be beneficial by stimulating sperm motility in males with oligo- 
asthenospermia e.g. using PF at low to moderate doses in vitro for IVF sperm 
preparations [37]. However, very high doses of PF have been shown to cause 
sperm DNA fragmentation and lower live birth rate with IVF. Interestingly, it 
has been shown that there is a difference in the action of caffeine at the site of 
in vitro fertilisation between cattle and swine. A study from Japan concluded 
that for insemination with bovine IVF, caffeine-free fertilisation medium is 
recommended, while caffeine remains essential in the fertilisation medium for 
successful porcine IVF [38]. Furthermore, in using PF for sperm enhancement, 
it is imperative to wash the PF out after 30-40 minutes incubation. This step 
not only provides optimum sperm enhancement but also avoids any 
contamination of oocytes as elevated cAMP inhibits germinal vesicle 
breakdown and further oocyte maturation including polar body release [37]. 

 
A recent systematic review of dietary effects on male fertility has found that 
high caffeine intake negatively impacts male fertility in vivo and in vitro [39]. 
In addition, the authors from another Japanese study theorised that, due to 
caffeine’s very similar structure to adenosine, it could act as an adenosine 
antagonist. This might disrupt ATP-related energy metabolism, a process 
which is necessary for RNA and DNA synthesis, and thereby adversely impact 
on spermatogenesis [40]. By injecting male mice with the equivalent of 300mg 
to 1500mg of caffeine a day prior to sperm collection, they demonstrated a 
significant reduction in blastocyst formation rate, a finding which supports 
their hypothesis. 
Although the current Curtin study was completed more than 15 years ago, the 
amount of data and information obtained remains invaluable, as there is still no 
definitive answer regarding an association between caffeine consumption and 
ART outcomes. Among the strengths of the Curtin study was that it accounted 
for caffeine consumed from coffee, tea, kola and iced coffee beverages. The 
diary devised by the Curtin group also took account of decaffeinated beverages, 
brewing methods of coffee, the proportion of the beverage consumed, and 
caffeine-containing prescription and ‘over-the-counter’ medication. 
Ultimately, the Curtin findings in addition to more recent reports suggest that 
caffeine consumption does play a part in influencing the outcome of ART 
treatment possibly through its effects on inhibition of PDE as well as increasing 
tHcy levels. However, these effects are associated with high doses of caffeine, 
which suggested that there is an acceptable amount of caffeine that can be 
consumed. 
Caffeine consumption has been classified as low users (<200mg/day), 
moderate users (200-400mg/day) and high users (>400mg/day) [5]. Caffeine 
intake at high doses, exceeding 500-600mg (equivalent to 4-7 cups/day) can 
cause anxiety, tremor and tachycardia but generally, life-threatening caffeine 
overdoses have been attributed to ingestion of caffeine-containing medications 
rather than caffeinated foods or beverages. The caffeine lethal dose has been 
estimated to be roughly 140-170mg/kg, which is equivalent to 8-10g/day 
(approximately 100 cups of coffee) [41]. 

 
The current guideline from the American College of Obstetricians and 

Gynaecologists suggests pregnant women and those capable of pregnancy to 
limit their caffeine intake to <200mg/d [42]. This seems to be a reasonable 
recommendation to adopt for those undertaking ART until further definitive 
information is available. Future studies should examine those components of 
the one-Carbon metabolic pathway which could interact with caffeine. This 
means examining the concomitant nutritional intake of foods containing B- 
group vitamins, particularly thiamine (B1), riboflavin (B2), niacin (B3), 
pyridoxine (B6), folic acid (B9) and cyanocobalamin (B12). The measurement 
of tHcy levels will also be relevant as an indirect measure of deficiency or 
interference in one-Carbon metabolism, the importance of which is well 
established in a wide range of reproductive functions. 
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