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ABSTRACT

Introduc�on

A term 'ovarian reserve' is described as quan�ty of ovarian 
follicular cohort and quality of oocytes. The assessment of 
an individual's ovarian reserve comprises evalua�on of 
certain variables like age, follicle s�mula�ng hormone, 
leu�nizing hormone, LH:FSH ra�o and prolac�n as main task. 
Recently, scien�sts have reported an�-mullerian hormone 
as poten�al test for ovarian reserve. Recently, it is observed 
that higher levels of AMH correlate posi�vely with greater 
number of oocytes with then the improved embryo 
morphology in in vitro fer�liza�on (IVF) cycles. However, 
controversy s�ll exists between correla�on of AMH and 
other hormonal tests. 

Objec�ves:

To inves�gate correla�on of AMH, FSH, LH, LH:FSH ra�o and 
PRL in  women who  a�ended the local hospital.

Methodology

Venipuncture was performed to collect venous blood 
samples (n=110) under informed wri�en consents. 
Following separa�on of sera, circula�ng levels of AMH was 
carried out by ELISA and assessment of FSH, LH and PRL were 
done using Dry chemistry immunoassay analyzer. Data were 
analyzed using SPSS so�ware version 16.

Results

Our data demonstrated for existence of significant nega�ve 
correla�on between serum LH:FSH ra�o and age. Here, the 
pa�ern of changes was in accordance to that of serum AMH 
concentra�on. So when we compared serum AMH 
concentra�ons with values of LH:FSH ra�o in rela�on to age, 
the existence of a significant correla�on was observed. 
Further, our findings demonstrate a degree of varia�ons 
among other variables (such as LH, FSH and Prolac�n) and 
are impera�ve in analy�cal point of view.

Conclusion

Our findings behind significant correla�on between serum 
LH:FSH ra�o and AMH level suggest that LH:FSH ra�o can be 
a marker for ovarian reserve and applied to clinical 
evalua�on with AMH for diagnos�c purpose.
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INTRODUCTION

Infer�lity exists as clinical state where a couple at child-
bearing age becomes unable to conceive baby even a�er 

1one-year of unprotected sexual intercourse.  It has emerged 
these days as a social problem and exhibits communal effect 

2on affected couples.  Clinicians therefore consider it as an 
 area of interest. A male-dominant society persists in South 

3Asian countries including a developing country like Nepal.  
So, females hesitate to express their reproduc�ve health 
concern despite the fact that such negligence may lead them 
to suffer from devasta�ng consequences. These facts are 
worried to local socialism.

Biologically, a term called 'ovarian reserve' exists with 
respect to female's reproduc�ve health concern. Human 
biologists describe it as a quan�ty of ovarian follicular cohort 

4and quality of oocytes.  Assessing an individual's ovarian 
reserve comprise with evalua�on of certain variables like 
age, follicle s�mula�ng hormone (FSH), leu�nizing hormone 

5(LH), LH:FSH ra�o and prolac�n (PRL) as main task.  Recently, 
scien�sts have studied serum an�-mullerian hormone 

6(AMH) as poten�al test for ovarian reserve.  Small antral 
follicles of reproduc�ve-aged women secrete and granulose 
cells of ovary express AMH. Recently, it is observed that 
higher levels of AMH posi�vely correlate with greater 
number of oocytes with then the improved embryo 

7-9morphology in in vitro fer�liza�on (IVF) cycles.  However, 
there has been a controversy between correla�on of AMH 
and other reserve tests such as FSH, LH, LH:FSH ra�o and 

10-11PRL.  We, therefore, aimed to inves�gate the possibility of 
any correla�on among AMH, FSH, LH, LH:FSH ra�o and PRL 
in selected popula�on of women who were normal 
ovula�ng and a�ended the hospital at eastern part of Nepal. 
Interes�ngly, among these various parameters, we found 
that serum AMH concentra�ons significantly correlate with 
LH:FSH ra�o. Based on our findings, the other variables had 
also demonstrated a degree of changes and are impera�ve 
in analy�cal point of view. In earier study carried out by Lee 

5JE et al. , circula�ng levels of AMH had correlated with 
LH:FSH ra�o but, in our study, mean values of the variables 
of Nepalese women differed and was interes�ng to be 
elaborated in future study.

METHODOLOGY

Study Design and enrolment criteria:

This was a hospital-based study carried out in the 

Departments of Diagnos�c Laboratory and Biochemistry at 

Birat Medical College Teaching Hospital, Tankisinuwari in 

conjuc�on with Nilkantha Diagnos�c Laboratory, 

Kanchanbari, Biratnagar, Morang, Nepal. We analyzed Day-3 

LH, FSH, PRL & AMH levels in 110 pa�ents at dura�on 

between January and December, 2018. The age-range of 

these a�ending women was 25 to 45 years and they had 

regular menstrua�ng cycles (interval: 25-40 days). The 

women who came for assessment of infer�lity had been 

registered as par�cipants. Duplica�on of a similar par�cipant 

and known pa�ents under treatment were excluded. The 

inclusion criteria were made in accordance with the 
12guidelines for assessment of AMH, as described earlier.

Evalua�on of serum AMH levels stands as age-specific 

marker for ovarian reserve. So, based on age of the 

a�endants, we arbitrarily categorized them into four groups 

(as Group 'A' = 25-30 years [n = 35], Group 'B' = 31-35 years [n 

= 28], Group 'C' = 36-40 years [n = 19] and Group 'D' = 40-45 

years [n = 28]).

Sample collec�on and serum prepara�on:

Venipucture was performed to collect blood samples from 

January to December, 2018 under universal a�en�veness as 
13men�oned earlier.  Antecubital venous blood samples were 

collected from pa�ents in plain vials with informed wri�en 

consents, strictly as per the norms and approval of the 

Ins�tu�onal Ethical Commi�ee. Blood samples were 

allowed to clot for five minutes followed by centrifuga�on at 

3000 rpm for 15 min to separate serum. All steps were 

carried out under sterile condi�ons and precau�ons were 

taken to prevent blood from hemolysis.

Determina�on of serum levels of AMH by Enzyme-linked 

immunosorbant assay (ELISA):
AMH was assayed using human sandwich ELISA method, as 

14described earlier.  The kit was provided with micro-�tre 

plate having 96 wells coated by monoclonal an�body 

against AMH. Serum (100 µl) was added into unused well of 

the micro-�tre plate and processed according to 

manufacturer's protocol. The well containing serum was 

incubated at 37 °C for 90 min, followed by aspira�on and 

washing thrice with provided buffer. Further, bio�nylated 

detec�on an�body (100 µl) was added and incubated at 37 

°C for 1 h with similar steps of aspira�on and washings to 

remove free components. Next horse-raddish peroxidise 

conjugate (50 µl) was added and incubated at 37 °C for 1 h. 

Substrate (100 µl) was added with following incuba�on at 37 

°C for 30 min. The provided sulphuric acid reagent (50 µl) 

was then added to stop the reac�on and absorbance of 

yellow colour was read in a spectrophotometer at 450 nm. 

Results were obtained in ng/ml.

Determina�on of serum LH, FSH and PRL levels using Dry-

chemistry immunoassay analyzer:

LH, FSH and PRL were analyzed using reagent packs of ST 
AIA-PACK LH, FSH and PRL, respec�vely, in a fully-automated 
dry-chemistry immunoassay analyzer (AIA-360 Model, 
TOSOH, JAPAN). Each reagent pack of LH, FSH and PRL were 
provided with monoclonal an�bodies against LH, FSH and 
PRL, respec�vely that were immobilized on magne�c solid 
phase enzyme-labelled monoclonal an�body. Based on 
manufacturer's protocol, the magne�c beads were washed 
to remove unbound enzyme-labelled monoclonal an�body 
followed by incuba�on with a fluorogenic substrate 
(4-methylumbelliferyl phosphate (4-MUP)). So, the amount 
of enzyme-labelled monoclonal an�body that binds to 
beads is directly propor�onal to concentra�on of analytes in 
test sample.
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Prior to performing the test, a standard curve was constructed 
using a set of calibrators (provided from manufacturer). As 
stated, the instrument employed 50 µl serum for every 
assessment and results were then displayed a�er 10 
minutes of incuba�on �me. Based on standards set by 
precision of an instrument, the reference range of LH, FSH 
and PRL for ovula�ng females (during follicular phase) are 
1.7-13.3 mIU/ml, 4.5-11.0 mIU/ml and 4.1-28.9 ng/ml, 
respec�vely. 

Data interpreta�on:

The validity and reliability of test results were determined 
using standards supplied with a kit. Data were presented as 
mean±SD, analyzed under So�ware Package for Social 
Sciences version 16 (SPSS 16) and considered sta�s�cally 
significant with p<0.05 with implica�on of student's T-Test.

RESULTS

Following the collec�on of antecubital venous blood, we 
separated sera and performed immunoassay to assess 
distribu�ve prominence of serum AMH, FSH, LH, LH:FSH 
ra�o and PRL concentra�ons in local female a�endants. In 
total of 110 par�cipants, mean value for serum AMH, FSH, 
LH, LH:FSH ra�o and PRL were 3.06±2.98 ng/ml, 10.18±3.35 
mIU/ml, 7.60±3.09 mIU/ml, 0.75±0.11 and 13.14±1.73 
ng/ml, respec�vely (Figure-1); indica�ng that subjects, in 
majority, had normal limits of such variables, except AMH - 
the level of which was higher than its reference range.

Figures-3 and 4 demonstrate distribu�on of FSH and LH, 
respec�vely, in rela�on to age varia�on. Sta�s�cally, a lack 
of significant difference was observed when we compared 
serum FSH and LH values of females in group 'B' with 'A'. 
Fortunately, the a�ending women in 'C' & 'D' had significantly 
higher circula�ng levels of FSH compared to 'A' (Figure-3). 
We found a lack of significant difference at p<0.05 of serum 
LH when the females under 'C' and 'A' groups were 
compared. But, our data showed that elder women with 
age-group of 41-45 years in set 'D' had higher serum LH 
concentra�on as compared to 'A'.

We observed that age of most a�endants was 25-45 years. 
So they were separated into four sets as 'A', 'B', 'C' and 'D' 
having 25-30, 31-35, 36-40 and 41-45 years-old subjects, 
respec�vely.

Serum concentra�ons of AMH decline as an individual's age 
15advances.  So, we evaluated these subjects to rule out the 

possible varia�ons in serum concentra�ons of AMH with 
respect to age. On comparison, we found that serum AMH 
levels were 4.19±1.4, 3.54±1.4, 2.71±1.1 and 1.8±0.8 ng/ml 
among subjects in 'A', 'B', 'C' and 'D' sets, respec�vely 
(Figure-2). Our findings, therefore, were evident to the 
established fact that supports declining pa�ern of serum 

15AMH concentra�ons as age advances.

Figure-5 shows distribu�ve pa�ern of LH:FSH ra�o according 
to age. We observed significant nega�ve correla�on 
between serum LH:FSH ra�o and age. Here, the pa�ern of 
changes was in accordance with that of serum AMH 
concentra�on. So when we compared serum AMH 
concentra�ons with values of LH:FSH ra�o in rela�on to age, 
the existence of a significant correla�on was observed 
(Figure-7 & 8). 
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In next, figures-6 shows distribu�on of PRL with respect to 
age. Sta�s�cally, we did not find the significant difference at 
p<0.05 when serum PRL concentra�on of females under 
group 'B' was compared with 'A'. Providen�ally, the 
a�ending women in 'C' & 'D' had lesser PRL concentra�on 
compared to 'A'.

DISCUSSION

In spite of having lower prognos�c value, clinicians s�ll use 
serum FSH and LH concentra�ons to predict ovarian reserve 

4, 16-17at early follicular phase.  Researchers have recently 
reported that elevated Day-3 FSH:LH ra�o correlates with 

18-19higher rates of cancella�on in IVF-embryo transfer cycles.  
Based on few studies, one can use a day-3 FSH:LH or LH:FSH 

20-21ra�o as predictor of ovarian reserve.  Serum concentra�on 
of FSH increases early in reproduc�ve age and a rise of LH 
occurs at later. So, a decreased LH:FSH ra�o might be a sign 
of diminished ovarian reserve even if female has normal 
basal FSH level. LH:FSH ra�o decreases as ovarian age 
declines. So, evalua�on of LH:FSH ra�o can play a significant 
role in determining appropriate status of ovarian reserve. In our 
study, we obtained a reduced value of LH:FSH ra�o as women's 
age advances. We found significant nega�ve correla�on and 
so suggest that LH:FSH ra�o correlates with age and was in 

8-10accordance with the reports from previous studies.

Serum AMH concentra�ons diagnos�cally exist as marker of 
13ovarian reserve.  Based on our study, serum concentra�on of 

AMH falls as age advances. So, we observed significant correla�on 
between AMH and LH:FSH ra�o (Figures-2 & 5).

Clinicians commonly use LH:FSH ra�o in assessing the 
polycys�c ovarian syndrome (PCOS) although we could not 

22-24prove the sufficient u�lity of it in our study.  In infer�lity, 
researchers have shown the highest correla�on of LH:FSH 
ra�o with clinical pregnancy over other measures of ovarian 

5, 25-27reserve.  Based on certain studies, a clinician can use 
28-30high FSH:LH ra�o as biomarker of poor ovarian reserve.  

An elevated Day-3 FSH:LH ra�o is useful in predic�on of IVF 
outcome among older women, but it does not appear as 
accurate predictor as scien�sts have not shown a detailed 
analysis of it in accordance with age. Based on few studies, 
combina�on of LH and FSH at Day-1 of menstrual cycle can 
be employed to predict reproduc�ve age. We therefore 
divided a total of 110 a�endees into four groups as 'A', 'B', 'C' 
& 'D' that comprise of 25-30, 31-35, 36-40 and 40-45 years-
old aged women, respec�vely. Inves�ga�on was then 
followed to present age-specific levels and compare LH:FSH 
ra�o with serum concentra�ons of AMH. To the best of our 
knowledge, this is first study to report on correla�on 
between LH:FSH ra�o and serum AMH concentra�ons in 
eastern Nepal. 

The clinical usefulness of AMH has been confirmed earlier in 
9, 12numerous studies.  In present study, our data support 

clinically the valuable meaning of LH:FSH ra�o as we can 
consider this frac�on along AMH as useful marker for 
ovarian reserve. As Day-3 serum FSH and LH concentra�ons 
are already available biomarkers, their ra�o could be used 
without addi�onal effort. Instead of serum AMH concentra�ons, 
LH: FSH ra�o could be an age-related reference value for 
ovarian reserve in women of reproduc�ve age and we can 
apply it in clinical evalua�on for infer�lity work-up. Most of 
all, we can predict the ovarian reserve using commonly 
checked tests with a higher accuracy in women of 
reproduc�ve age. Especially in women of infer�le pa�ents, 
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the age-specific value of LH:FSH ra�o may have a role in 
determining the appropriate s�mula�on protocol and assist 
in pa�ent counselling. LH:FSH ra�o may allow physician to 
s�mulate pa�ents in more individualized treatment and will 
maximize the IVF outcome. Although further ac�ve and 
prospec�ve studies could be necessary to confirm such a 
role of LH:FSH ra�o in clinical se�ng, our results will be 
helpful to evaluate the ovarian reserve of women.

CONCLUSION

Based on present study, a significant nega�ve correla�on 
exists between serum LH:FSH ra�o with age and, in addi�on, 
we found the significant par�al correla�on between serum 
LH:FSH ra�o & AMH level. These findings, therefore, suggest 
that LH:FSH ra�o can be a marker for ovarian reserve and 
applied to clinical evalua�on with AMH for diagnos�c 
purpose.

RECOMMENDATIONS

There have been few studies about LH:FSH ra�o and no age-
related reference values were provided in large-scaled 
popula�on. The strength of our study is that we compared 
LH: FSH ra�o with AMH values in larger size.

LIMITATIONS OF THE STUDY

The limita�on could be as we just evaluated the correla�on 
between LH:FSH ra�o and age. Further inves�ga�ons 
combined with the present correla�on results are needed 
on direct ovarian response to a controlled ovarian s�mula�on 
according to LH: FSH ra�o. This is necessary to es�mate the 
value of markers of exact ovarian reserve. 
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