


Introduction
Paragraph 1 – Intro
[bookmark: _Hlk27667429]Polycystic ovary syndrome (PCOS) is the leading cause of anovulatory infertility in woman of reproductive age, with a potential risk factor for developing cancer (Mohammad Majid, 2017). PCOS is characterised by three main features; excess male hormone ‘androgen’, irregular periods and polycystic ovaries which is an enlargement of ovaries where they contain fluid sacs that surround eggs (NHS,2019).	Comment by caroline jawad: SO TO CONFIRM, YOU DO NOT NEED TO DEFINE WHAT POCOS IS?	Comment by caroline jawad: This might be a leading cause, but you have not said what PCOS is
Polycystic ovary syndrome (PCOS)T is the leading cause of anovulatory infertility in woman of reproductive age, with a potential risk factor for developing cancer (Mohammad Majid, 2017). The first line treatment to induce ovulation for patients with PCOS is Clomiphene citrateClomiphene citrate. This causes a cascade of events where it initiates a preovulatory gonadotrophin surge which further results in follicular rupture. During therapy it starts steroidogenesis and folliculogenesis, allowing follicles to grow which increases oestradiol. (Rxlist, 2019) It is used for its basic, cheap and effective method in inducing ovulation with minimal side effects (Homburg R,2005). There are drawbacks when using clomiphene citrateclomiphene citrate which includes it poor efficacy (only 22% of live births with six full periods of intake), relatively high multiple pregnancy (3%-8%) compared to non-assisted pregnancy rates (<1%) (Jirge PR & Patil RS, 2010). It is estimated that 20%‐25% of anovulatory women with PCOS do not respond to Clomiphene citrateClomiphene citrate and are “clomiphene‐resistant” (Homburg R (2), 2003).  More undesirable effects include mood changes and flushing (Jirge PR & Patil RS, 2010). LetrozoleLetrozole is another drug used to induce ovulation in patients with PCOS and is still considered a potential first line drug of ovulation induction to replace clomiphene citrateclomiphene citrate. It is an aromatase inhibitor which reversibly inhibits aromatase activity which increases follicle stimulating hormone (FSH) secretion and promotion of follicle growth (Chang L et al., 2017).	Comment by caroline jawad: This might be a leading cause, but you have not said what PCOS is	Comment by caroline jawad: Why capital C and little c?	Comment by caroline jawad: What is this – Clomiphene citrate ? 	Comment by caroline jawad: Which are?	Comment by caroline jawad: What do you mean by it?	Comment by caroline jawad: What is Rxlist ? What type of site is this? Why is the reference here? Does it support the previous sentence or the next sentence?	Comment by caroline jawad: Here you have small c and small c 	Comment by caroline jawad: Who estimated ?	Comment by caroline jawad: Is there an age bracket for these women ?	Comment by caroline jawad: Capital c and little c – you need to be constant and use the correct form	Comment by caroline jawad: Undesirable effects of what PCOS ? or the Drug clomiphene citrate	Comment by caroline jawad: What is different about this drug?	Comment by caroline jawad: And ? Why is this important?
The primary focus of this critical review is to determine whether clomiphene citrateclomiphene citrate or letrozoleletrozole should be the first line treatment when medicating patients who have PCOS. This critical review is a direct comparison of the two drugs and the aim is to find out from 3 articles whether there is a conclusive answer to what the main drug of choice should be.	Comment by caroline jawad: Three 	Comment by caroline jawad:  With supportive evidence
Search Strategy 
When searching through literature to identify relevant papers an advanced search was used on three different scientific databases (Medline, WOS, PubMed). The key words which had been selected were; Polycystic ovarian disease or PCOS, Drugs or Medication, Clomiphene citrateClomiphene citrate and LetrozoleLetrozole. To further narrow down relevant literature. The selection of literature was from within the last 10 years which were peer reviewed and only of English language. This particularly narrowed down papers from thousands to hundreds in comparisons of treatment for Clomiphene citrateClomiphene citrate and LetrozoleLetrozole on patients with PCOS.	Comment by caroline jawad: All the literature in the world ? r key (seminal) literature? 	Comment by caroline jawad: You must be constant with capital letters. Above you have given the acronym PCOS so no need again.
Potentially put a flow diagram
All three articles chosen are making comparisons of the effectiveness of clomiphene citrate and letrozole in patients with PCOS. Chang L et al. included comparisons of Metformin combined with each drug being evaluated. This was added into my chosen literature as it allowed me to gauge potential benefits when applying the drug in conjunction with metformin. Behnoud N et al and Amer SA et al. were both direct comparisons of letrozole and clomiphene citrate.Explain why I have chosen specific papers

Critical review 
Type of study
When reviewing these articles, it was statedestablished by all three articles that these trials were randomly controlled. These are referred to as the gold standard in effectiveness research. This is because it removes bias from either the doctor or the patient in the selection of the treatment. It also removes any confounding variables by all known and unknown factors as it stops the association between the treatment and any other known or unknown factors (Misra,2019). But randomised control trials have their drawbacks as they are very costly and there are issues with the generalisability of the trial as the participants might not be representative of the population being studied (Hariton & Locascio, 2018). More specifically, in Amer S A et al. paper it was suggested that the trial was 2 arms double blinded. This is the best form of randomizedrandomised control trials because it eliminates the doctors and the patients identifying which drug each patient is taking and is only revealed after the trial is complete. , Tthis removes any bias towards certain drugs when researchers are comparing which drug should be the first line of treatment. However, it can lead to ethical issues as the patients being exposed do not fully know what they are putting into their bodies. (Misra, 2019) https://www.sciencedirect.com/science/article/pii/S0277953617307359 (Understanding control trials)	Comment by caroline jawad: How was it established? Do you mean stated>	Comment by caroline jawad: Date	Comment by caroline jawad: What is this?	Comment by caroline jawad: Who says it is the best? 	Comment by caroline jawad: Why this weblink>

Exclusion Criteria
A comparison of three key articles found significant aspects in each article which are different When comparing between these three articles, I have found significant aspects of each article which are different, and this critical review will address controversies within each trial where they compare clomiphene and letrozole against each other with patients with PCOSit makes me question the efficacy of each trial in determining which drug is superior in becoming a first line treatment for PCOS. When looking at the individual article methodsWhen looking through each articles method it was interesting notations were made on differences and similarities within each article to note different exclusion criteria. Inclusion criteria throughout each article was unanimous, where each article suggested that to be eligible to participate each female required at least 1 fallopian tube and a partner who had normal sperm levels. In the From Article 1 and 2 the exclusion data it was agreed between all papers that includpatients withes thyroid dysfunction and past history of renal diseases were unable to participate which was agreed on by the other papers. Behnoud N et al. and Amer S, A et al.Together these articles suggested high levels of prolactin was a concern and these patients should not be involved in the trial.  Prolactin is an important hormone in the menstrual cycle as it stimulates ovulation, implantation and development of placenta. Prolactin causes the degradation of the corpus luteum and decrease in levels of sex steroids during the menstrual cycle. which was interesting. After further research, this review conclude tI found that prolactin is important in many features which are involved in pregnancy as it stimulates ovulation, implantation and development of placenta. It also causes the degradation of the corpus luteum and decrease in levels of sex steroids during the menstrual cycle. (CM Perks et al., 2003). Tthere is a directly proportional relationship between prolactin and progesterone during the gestation period. If there is too great a concentration of prolactin, which is also known as hyperprolactinaemia, then there will be problems with ovulation as it alters production of oestrogen and progesterone (Ruan W, 1995). This can alter or inhibit ovulation as it stops the release of an egg from an ovary (ASRM, 2019). This seems like relevant information for Chang L et al. to involve in exclusion criteria and it appears that it could have a negative impact on results. However, they have not involved this. This is interesting that article 3 does not involve this as it seems an important feature to include in exclusion criteria and it appears that it could have a negative effect on results. 	Comment by caroline jawad: For what – comparison of ??? make it clear	Comment by caroline jawad: When comparing the method of each article? Again poor, low level of writing style.	Comment by caroline jawad: Suggested ? Like hinted? Or do you mean state or stipulated 	Comment by caroline jawad: So the participant had to have a partner? That isn’t ethical because these days (lesbians) women and women want babies	Comment by caroline jawad: You have not stated which article is Behnoud N et al.nor which article is Amer S, A et al – do you expect people to guess?	Comment by caroline jawad: Why would thyroid dysfunction be a criteria ? What reason is there for this?	Comment by caroline jawad: What is prolactin? Why is it important?	Comment by caroline jawad: Further research for this assignment indicated that prolactin ….	Comment by caroline jawad: What are features of pregnancy? Never heard of them	Comment by caroline jawad: What is it?	Comment by caroline jawad: Is this is reference for the previous sentence ofnew sentence? Is 2003 outdated? Do you not have rules about 5 years being too old for dates? Pls check.	Comment by caroline jawad: Is this the beginning of a new sentence ? in primary school you learn that sentences begin with a capital letter. 	Comment by caroline jawad: What problems?	Comment by caroline jawad: And what does this mean? Why is this an issue?
Uniquely to article 2 it suggests that a patient would be excluded if within the last 6 month they had treatment for ovulation induction (OI). This is logical from the research team because they do not want unreliable results in their trial as they will already know if one treatment has already had a beneficial or detrimental effect to the ability of the patient to get pregnant. 	Comment by caroline jawad: ?	Comment by caroline jawad: Why is it logical ? It is not logical to me.
Article 2Amer S, A et al and Chang L et al3 both exclude women who have a high BMI. In article 2Amer S, A et al it suggests women who have greater than or equal to 35 kg/m2 cannot be included and in article 3Chang L et al. it states thatuggests any patient over 30 kg/m2 should not take part. This could be a limiting factor in the results for obese women. However, fFertility health centres globally exclude obese women from their treatment due to well-known associated challenges and risks such as gestational diabetes and pre-eclampsia (Zachariah et al., 2006)(NHS, 2019). When looking at all three articles it is interesting that the primary outcomes are all pregnancy, it could be suggested that the outcome should be live births. (Maybe add to this? Why?) In text it is suggested that pregnancy rate is clinically important and is widely used in practice. (Amer S A et al., 2017)	Comment by caroline jawad: Same comment as before.	Comment by caroline jawad: Suggests means that the article hints – I doubt very much that any article hints at rejecting fat women – it would state.	Comment by caroline jawad: What well-known challenges? 
A further slight concern is the long duration of the trial spanning over a 7-year period with potential differences in responses between the early and late recruits. However, the results of the interim analysis, which included the early recruits, are consistent with the results.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5850470/ 
Article 3Chang L et al. exclusion criteria involved patients with gynaecological tumours or genital tract malformations. Research shows that Mullerian duct abnormalities which are a collective set of congenital malformations of the female genital tract can result in complications during pregnancy and labour. It can be detected at the start of the menstrual cycle as there is an obstruction to flow of menstrual blood, which can lead to hematocolops or hematoperitoneum (Rastogi M, 2013).  

Patients with severe systematic disease or acute chronic urogenital infections and adrenal diseases which is exclusive to this article and not seen with the other two articles. Follow up testing (secondary treatment crossover)
Behnoud N et al. included crossing over in their clinical trial. The duration of the trial was 6 ovulatory cycles and if the patients did not conceive during this period, there was a wash up period. This is where they stopped ovulatory inducing medication for 6 weeks and were enabled an additional month with the other drug had been reviewed. This can help determine whether there is resistance to clomiphene or letrozole in patients, which can be shown via results of pregnancy and can be used as supporting data for the already provided data showing that there are patients who are resistant to the medication.

Results	Comment by caroline jawad: I would inset a table here.
For every clinical trial involved, there are very small numbers of patients participating in each individual trial. In the three clinical trials being examined, the participant sample is relatively small. It is usually important that there are large numbers amounts of patients to trial the drugs, as it gives the advantage of being able to interpret significant results more precisely as it is easier to assess the representativeness of the sample and allows the results to be generalizable. However, sample sizes which are too large can be unethical due to the potential waste of time and resources. (Biau, Kernéis & Porcher, 2019)this enables better patterns to be shown which leads to more conclusive results.
The three studies found that when patients used letrozole, they could improve ovulation rates. (Amer SA et al., 2017; Behnoud N et al.,2019; Chang L et al.,2017). There were discrepancies in their findings, where Amer SA et al. concluded that there were a 40% increase in pregnancy rates and with shorter time to pregnancy. Whereas, Chang L et al. clinical trial suggested that there were no significant differences in pregnancy rate and pregnancy outcomes of PCOS patients. This controversy of papers leads to the conclusion that further research needs to be done in the comparison of drugs for patients with PCOS. The demographics are different in these areas where Amer SA et al. clinical trial was based in Nottingham in the United Kingdom and Chang L et al. trials were performed in West China Second University Hospital which may have an affect on the results. Also, Behnoud N et al. clinical trial was performed in Ali ibn Abitaleb hospital, Zahedan University of medical sciences located in Iran. But showed that clomiphene citrate and letrozole were equal in efficacy of pregnancy rates and outcomes in patients with PCOS.
In Amer SA et al. trial amongst the 49 letrozole pregnancies, 32 (65.3%) were achieved at 2.5mg and 17 (34.7%) at 5mg. similarly, in clomiphene citrate patients 24 (70.6%) pregnancies were at the lowest dose of 50mg and 29.4% at the highest dose of 100mg. Smaller doses in this trial have shown to produce significant rates of pregnancy in patients. Increasing doses can be dangerous and produce side effects in the patients such as two cases of haemorrhagic cysts and one acute cholecystitis requiring hospitalisation when receiving clomiphene citrate. Also, patients receiving 11 clomiphene citrate which included low mood, migraine and skin rashes. In 12 cases of patients taking letrozole they experienced size effects of diarrhoea, neck pain, urinary tract infections and skin spots. In the other two articles, it isn’t stated whether there were any side effects shown by patients receiving treatment.

In Behnoud N et al and Amer S, A et al, unanimously they found that more patients who took letrozole got pregnant than clomiphene citrate patients. 
In article 1 there were 80 patients where there was an equal split of 40 patients using clomiphene citrate and letrozole. 18 patients got pregnant taking clomiphene and 20 got pregnant taking letrozole but there was no significant difference found in effectiveness of getting pregnant. In article 2, there were 149 patients involved in the trial. The patients were split, 74 were randomly assigned the drug clomiphene citrate and 75 were randomly assigned letrozole. From the first line of treatment 79 women conceived and 76 patients were eligible to crossover to secondary treatment, where they were assigned the other drug. In my opinion, I believe that this is an effective way of determining the most efficient drug because (research). But can open debate that they could be both used as first line treatment, as it could be more efficient for one person than the next. Research shows that patients who have PCOS can be resistant to either drug, this leads the next drug to be the best form of treatment. (reference) There was significant difference in pregnancy rates and pregnancy rates per ovulation in letrozole group compared to clomiphene citrate. Nevertheless, the results were the same as article 1 suggesting that there was no significant difference between both groups. The menstrual cycle was consistent with PCOS in 30 patients (75%) in the clomiphene group and in 33 patients (82.5%) in the group receiving letrozole. Chi-square test showed that this difference was not statistically significant (P = 0.41)
The evidence of PCOS-compatible ultrasonography was found in 31 patients (77.5%) in the clomiphene group and in 35 patients (87.5%) in the letrozole group. This difference was not statistically significant
Amongst the 49 letrozole pregnancies, 32 (65.3%) were achieved on the low dose and 17 (34.7%) on the high dose. This was not significantly (P = 0.613) different from the dosages of 34 CC pregnancies (low, 24 [70.6%] and high, 10 [29.4%]). The fact that smaller dosages are causing greater numbers of pregnancies suggest that the dosage of 100mg is too great for the patients, resulting in less pregnancies. Article 3Chang L et al. includes clomiphene citrateclomiphene citrate at 150mg which is 50mg higher than the other two articles (McCormack, Allan & Virani, 2019)(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3017255/). A research study suggests that higher dosage may induce side effects which are harmful in clomiphene citrateclomiphene citrate. It can lead to several harmful side effects such as ovarian enlargement, multiple births and visual disturbances (Rxlist, 2019). (suggest what these side effects are?). When delving further into clomiphene citrate research,drugs information showed that . iIt has not been further disclosed on the actual toxic dosage of the drug for humans(clomiphene citrate), it has not been distinguished in humans. (Rxlist, 2019https://www.rxlist.com/clomid-drug.htm#contraindications).  This seems quite dangerous from the hospital which is providing this clinical trial. 
There were 67 patients who took clomiphene where 4 withdrew and there was a total of 22 pregnancies. Similarly, in letrozole there were 67 patients but 5 dropped out and there was a total of 29 pregnancies.
Conclusions 
This review has a number of findings. First, there was a lack of homogeneity amongst the three articles. Behnoud et al. suggested that letrozole was equal in pregnancy rates, resulting in the careful selection of drugs dependent on factors such as patients’ medical condition and economical costs. Liu et al. research study provided information suggesting that clomiphene citrate should still be the first line treatment for PCOS. Finally, Amer SA clinical trial found a 40% increase in pregnancy rates in patients who had PCOS. 

Recommendations

These results do not provide a conclusive answer to which drug is more effective and should become the first line treatment for PCOS. Therefore, to be able to distinguish which drug is more suited to be a first line treatment greater research is needed. There are particular factors which impact fertility and pregnancy such as smoking, stress, alcohol consumption and physical activity which have not been addressed by this research study (Bang S & Lee S, 2009). Thus, further investigation is required in this complex area.
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