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other hormonal tests.
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Objectives:

To investigate correlation of AMH, FSH, LH, LH:FSH ratio and
PRLin womenwho attended the local hospital.
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Venipuncture was performed to collect venous blood
samples (n=110) under informed written consents.
Following separation of sera, circulating 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 software version 16.

(V)

Results

Our data demonstrated for existence of significant negative

ORA 106 correlation between serum LH:FSH ratio and age. Here, the
pattern of changes was in accordance to that of serum AMH
DOI: http://dx.doi.org/10.3126/bjhs.v4i1.23938 concentration. So when we compared serum AMH

concentrations with values of LH:FSH ratio in relation to age,
the existence of a significant correlation was observed.
Further, our findings demonstrate a degree of variations
among other variables (such as LH, FSH and Prolactin) and
areimperative in analytical point of view.
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INTRODUCTION

Infertility exists as clinical state where a couple at child-
bearing age becomes unable to conceive baby even after
one-year of unprotected sexual intercourse.” It has emerged
these days as a social problem and exhibits communal effect
on affected couples.” Clinicians therefore consider it as an
area of interest. A male-dominant society persistsin South
Asian countries including a developing country like Nepal.’
So, females hesitate to express their reproductive health
concern despite the fact that such negligence may lead them
to suffer from devastating consequences. These facts are
worried to local socialism.

Biologically, a term called 'ovarian reserve' exists with
respect to female's reproductive health concern. Human
biologists describe it as a quantity of ovarian follicular cohort
and quality of oocytes.’ Assessing an individual's ovarian
reserve comprise with evaluation of certain variables like
age, follicle stimulating hormone (FSH), leutinizing hormone
(LH), LH:FSH ratio and prolactin (PRL) as main task.’ Recently,
scientists have studied serum anti-mullerian hormone
(AMH) as potential test for ovarian reserve.’ Small antral
follicles of reproductive-aged women secrete and granulose
cells of ovary express AMH. Recently, it is observed that
higher levels of AMH positively correlate with greater
number of oocytes with then the improved embryo
morphology in in vitro fertilization (IVF) cycles.”” However,
there has been a controversy between correlation of AMH
and other reserve tests such as FSH, LH, LH:FSH ratio and
PRL."" We, therefore, aimed to investigate the possibility of
any correlation among AMH, FSH, LH, LH:FSH ratio and PRL
in selected population of women who were normal
ovulating and attended the hospital at eastern part of Nepal.
Interestingly, among these various parameters, we found
that serum AMH concentrations significantly correlate with
LH:FSH ratio. Based on our findings, the other variables had
also demonstrated a degree of changes and are imperative
in analytical point of view. In earier study carried out by Lee
JE et al’, circulating levels of AMH had correlated with
LH:FSH ratio but, in our study, mean values of the variables
of Nepalese women differed and was interesting to be
elaborated in future study.

METHODOLOGY

Study Design and enrolment criteria:

This was a hospital-based study carried out in the
Departments of Diagnostic Laboratory and Biochemistry at
Birat Medical College Teaching Hospital, Tankisinuwari in
conjuction with Nilkantha Diagnostic Laboratory,
Kanchanbari, Biratnagar, Morang, Nepal. We analyzed Day-3
LH, FSH, PRL & AMH levels in 110 patients at duration
between January and December, 2018. The age-range of
these attending women was 25 to 45 years and they had
regular menstruating cycles (interval: 25-40 days). The
women who came for assessment of infertility had been
registered as participants. Duplication of a similar participant
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and known patients under treatment were excluded. The
inclusion criteria were made in accordance with the
guidelines for assessment of AMH, as described earlier.”
Evaluation of serum AMH levels stands as age-specific
marker for ovarian reserve. So, based on age of the
attendants, we arbitrarily categorized them into four groups
(as Group'A'=25-30years [n=35], Group 'B'=31-35years [n
= 28], Group 'C' = 36-40 years [n = 19] and Group 'D' = 40-45
years [n=28]).

Sample collection and serum preparation:

Venipucture was performed to collect blood samples from
January to December, 2018 under universal attentiveness as
mentioned earlier.” Antecubital venous blood samples were
collected from patients in plain vials with informed written
consents, strictly as per the norms and approval of the
Institutional Ethical Committee. Blood samples were
allowed to clot for five minutes followed by centrifugation at
3000 rpm for 15 min to separate serum. All steps were
carried out under sterile conditions and precautions were
taken to prevent blood from hemolysis.

Determination of serum levels of AMH by Enzyme-linked
immunosorbant assay (ELISA):

AMH was assayed using human sandwich ELISA method, as
described earlier.”” The kit was provided with micro-titre
plate having 96 wells coated by monoclonal antibody
against AMH. Serum (100 pl) was added into unused well of
the micro-titre plate and processed according to
manufacturer's protocol. The well containing serum was
incubated at 37 °C for 90 min, followed by aspiration and
washing thrice with provided buffer. Further, biotinylated
detection antibody (100 pl) was added and incubated at 37
°C for 1 h with similar steps of aspiration and washings to
remove free components. Next horse-raddish peroxidise
conjugate (50 ul) was added and incubated at 37 °C for 1 h.
Substrate (100 ul) was added with following incubation at 37
°C for 30 min. The provided sulphuric acid reagent (50 pl)
was then added to stop the reaction and absorbance of
yellow colour was read in a spectrophotometer at 450 nm.
Results were obtainedin ng/ml.

Determination of serum LH, FSH and PRL levels using Dry-
chemistryimmunoassay analyzer:

LH, FSH and PRL were analyzed using reagent packs of ST
AIA-PACK LH, FSH and PRL, respectively, 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 antibodies against LH, FSH and
PRL, respectively that were immobilized on magnetic solid
phase enzyme-labelled monoclonal antibody. Based on
manufacturer's protocol, the magnetic beads were washed
to remove unbound enzyme-labelled monoclonal antibody
followed by incubation with a fluorogenic substrate
(4-methylumbelliferyl phosphate (4-MUP)). So, the amount
of enzyme-labelled monoclonal antibody that binds to
beads is directly proportional to concentration of analytesin
testsample.
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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 pl serum for every
assessment and results were then displayed after 10
minutes of incubation time. Based on standards set by
precision of an instrument, the reference range of LH, FSH
and PRL for ovulating females (during follicular phase) are
1.7-13.3 mlU/ml, 4.5-11.0 miU/ml and 4.1-28.9 ng/ml,
respectively.

Datainterpretation:

The validity and reliability of test results were determined
using standards supplied with a kit. Data were presented as
mean*SD, analyzed under Software Package for Social
Sciences version 16 (SPSS 16) and considered statistically
significant with p<0.05 with implication of student's T-Test.

RESULTS

Following the collection of antecubital venous blood, we
separated sera and performed immunoassay to assess
distributive prominence of serum AMH, FSH, LH, LH:FSH
ratio and PRL concentrations in local female attendants. In
total of 110 participants, mean value for serum AMH, FSH,
LH, LH:FSH ratio and PRL were 3.06+2.98 ng/ml, 10.18+3.35
miU/ml, 7.60£3.09 mlU/ml, 0.75+0.11 and 13.14+1.73
ng/ml, respectively (Figure-1); indicating that subjects, in
majority, had normal limits of such variables, except AMH -
the level of which was higher than its reference range.
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Figure-1. Bar diagram showing meantSD values of serum
AMH, F5H, LH, LH:F5H & PRL. Abbreviations 'n° and '#' denote
for number of attendants and specific analyte-the level of
which was higher than its normal range, respectively.

Arbitrary unit

We observed that age of most attendants 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,
respectively.

Serum concentrations of AMH decline as an individual's age
advances.” So, we evaluated these subjects to rule out the
possible variations in serum concentrations 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 1.840.8 ng/ml
among subjects in 'A', 'B', 'C' and 'D' sets, respectively
(Figure-2). Our findings, therefore, were evident to the
established fact that supports declining pattern of serum
AMH concentrations as age advances."”

Birat Journal of Health Sciences
Vol.4/No.1/Issue 8/ Jan - April, 2019

ISSN: 2542-2758 (Print) 2542-2804 (Online)

Mallick RL et al
1 Total n = 110

- -1 = n=35
s 6
=
-
Q0 =
W
5 % 4 —
3£
NES
o
uwl

u —

A B C D
Figure-2. Bar diagram demonstrating meantSD values of
serum AMH in ‘A, 'B’, 'C' & 'D’ sets with age-groups as '25-30",
*31-35', "36-40" & "41-45" years, respectively. 'n' indicates the
number of patlents. (* P < 0.05 significant as compared to 'A’)

Figures-3 and 4 demonstrate distribution of FSH and LH,
respectively, in relation to age variation. Statistically, a lack
of significant difference was observed when we compared
serum FSH and LH values of females in group 'B' with 'A".
Fortunately, the attendingwomenin'C' & 'D" had significantly
higher circulating 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
concentration ascompared to'A'.
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Figure-3, Bar diagram showing meanzsD values of serum FSH
in'A', "B, 'C' & "D’ groups. ["NS" means for data that were not
significant; * P < 0.05 significant as compared to "A')
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Figure-4. Bar diagram demonstrating mean & 50 values of
serum LH in 'A', 'R, 'C E D growps. (WS means for data that
were not significant; ® P < 0,05 significant as compared to "%')

Figure-5 shows distributive pattern of LH:FSH ratio according
to age. We observed significant negative correlation
between serum LH:FSH ratio and age. Here, the pattern of
changes was in accordance with that of serum AMH
concentration. So when we compared serum AMH
concentrations with values of LH:FSH ratio in relation to age,
the existence of a significant correlation was observed

(Figure-7 &8).
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Figure-5. Bar diagram demonstrating meantsD values of
LH:F5H ratio. (*P < 0.05 significant as compared to 'A')
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Figure-6. Bar diagram showing serum meant50 values of PRL

[ME=not significant; *P<0,.05 significant as compared to 'A')
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Figure-7, Distributive chart to demanstrate comparision between serum
AMH concentrations with LH:F5H ratio in relation to age of the attendees,
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concentrations of AMH and LH:F5H ratio with respect to age of attendees

In next, figures-6 shows distribution of PRL with respect to
age. Statistically, we did not find the significant difference at
p<0.05 when serum PRL concentration of females under
group 'B' was compared with 'A'. Providentially, the
attending women in 'C' & 'D' had lesser PRL concentration
comparedto'A'.
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DISCUSSION

In spite of having lower prognostic value, clinicians still use
serum FSH and LH concentrations to predict ovarian reserve
at early follicular phase.” **" Researchers have recently
reported that elevated Day-3 FSH:LH ratio correlates with
higher rates of cancellation in IVF-embryo transfer cycles.”**
Based on few studies, one can use a day-3 FSH:LH or LH:FSH
ratio as predictor of ovarian reserve.”* Serum concentration
of FSH increases early in reproductive age and a rise of LH
occurs at later. So, a decreased LH:FSH ratio might be a sign
of diminished ovarian reserve even if female has normal
basal FSH level. LH:FSH ratio decreases as ovarian age
declines. So, evaluation of LH:FSH ratio can play a significant
role in determining appropriate status of ovarian reserve. In our
study, we obtained a reduced value of LH:FSH ratio as women's
age advances. We found significant negative correlation and
so suggest that LH:FSH ratio correlates with age and was in
accordance with the reports from previous studies.”*

Serum AMH concentrations diagnostically exist as marker of
ovarian reserve.” Based on our study, serum concentration of
AMH falls as age advances. So, we observed significant correlation
between AMH and LH:FSH ratio (Figures-2 & 5).

Clinicians commonly use LH:FSH ratio in assessing the
polycystic ovarian syndrome (PCOS) although we could not
prove the sufficient utility of it in our study.”” In infertility,
researchers have shown the highest correlation of LH:FSH
ratio with clinical pregnancy over other measures of ovarian
reserve.” ¥ Based on certain studies, a clinician can use
high FSH:LH ratio as biomarker of poor ovarian reserve.”*
An elevated Day-3 FSH:LH ratio is useful in prediction of IVF
outcome among older women, but it does not appear as
accurate predictor as scientists have not shown a detailed
analysis of it in accordance with age. Based on few studies,
combination of LH and FSH at Day-1 of menstrual cycle can
be employed to predict reproductive age. We therefore
divided a total of 110 attendeesinto four groupsas'A’, 'B','C'
& 'D' that comprise of 25-30, 31-35, 36-40 and 40-45 years-
old aged women, respectively. Investigation was then
followed to present age-specific levels and compare LH:FSH
ratio with serum concentrations of AMH. To the best of our
knowledge, this is first study to report on correlation
between LH:FSH ratio and serum AMH concentrations in
eastern Nepal.

The clinical usefulness of AMH has been confirmed earlierin
numerous studies.”  In present study, our data support
clinically the valuable meaning of LH:FSH ratio as we can
consider this fraction along AMH as useful marker for
ovarian reserve. As Day-3 serum FSH and LH concentrations
are already available biomarkers, their ratio could be used
without additional effort. Instead of serum AMH concentrations,
LH: FSH ratio could be an age-related reference value for
ovarian reserve in women of reproductive age and we can
apply it in clinical evaluation for infertility work-up. Most of
all, we can predict the ovarian reserve using commonly
checked tests with a higher accuracy in women of
reproductive age. Especially in women of infertile patients,
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the age-specific value of LH:FSH ratio may have a role in
determining the appropriate stimulation protocol and assist
in patient counselling. LH:FSH ratio may allow physician to
stimulate patients in more individualized treatment and will
maximize the IVF outcome. Although further active and
prospective studies could be necessary to confirm such a
role of LH:FSH ratio in clinical setting, our results will be
helpful to evaluate the ovarian reserve of women.

CONCLUSION

Based on present study, a significant negative correlation
exists between serum LH:FSH ratio with age and, in addition,
we found the significant partial correlation between serum
LH:FSH ratio & AMH level. These findings, therefore, suggest
that LH:FSH ratio can be a marker for ovarian reserve and
applied to clinical evaluation with AMH for diagnostic
purpose.

RECOMMENDATIONS

There have been few studies about LH:FSH ratio and no age-
related reference values were provided in large-scaled
population. The strength of our study is that we compared
LH: FSH ratio with AMH valuesin larger size.
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LIMITATIONS OF THE STUDY

The limitation could be as we just evaluated the correlation
between LH:FSH ratio and age. Further investigations
combined with the present correlation results are needed
on direct ovarian response to a controlled ovarian stimulation
according to LH: FSH ratio. This is necessary to estimate the
value of markers of exact ovarian reserve.

ACKNOWLEDGEMENT

The authors thankfully acknowledge to the patients for their
help without which the study would be difficult to carry out.
The authors, in addition, are sincerely thankful to the
Department of Diagnostic Laboratory and the Institutional
Review Board of Birat Medical College Teaching Hospital,
Tankisinuwari, Morang, Nepal for needful cooperation.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

FINANCIAL DISCLOSURE

None.

9. M Llaura, L Barbara, B Leif, Fatemi H. Anti-muullerian hormone
variability during ovarian stimulation for IVF. J Repr Biol Endocrinol.
2018;2 (1):33-34.

10. T Murto, K Bjuresten, BM Landgren, SE Anneli. Predictive value of
hormonal parameters for live birth in women with unexplained
infertility and male infertility. Reprod Biol Endocrinol. 2013; 11: 61.
doi:10.1186/1477-7827-11-61 PMID: 23844631

11. EC Chinedu, ElI Adaobi, AA Doris, G Deborah, AJ surajudeen,
Oluchukwu OP. Relevance of LH/FSH/Prolactin and Anti-Mullerian
Hormone estimation in in-vitro fertilization. Eur J Pharm Med Res.
2017;4 (6): 138-142.

12. SJWalavalkar, P Dahal, A Niraula, G Das, RL Mallick. A hospital based
study on status of Anti-Mullerian Hormone among women in
eastern Nepal. World J Pharm Life Sci. 2016; 3 (1): 413-421.

13. RL Mallick, SJ walvalkar, S Pokhrel, RK singh. Old-aged, adolescent
and pregnant women in eastern Nepal are more prone sub-clinical
hypothyroidism; a hospital-based retrospective study. Intl J Pharm
Biol Arch.2016; 7 (2): 9-13.

14. Assessment and treatment for people with fertility problems. NICE
Guidelines. British Journal of General Practice. 2014; 64 (618): 50-51.
DOI: https://doi.org/10.3399/bjgp14X676609

15. Y Asada, Y Morimoto, Y Nakaoka, T Yamasaki, Y Suehiro, H Sugimoto,
M Yoshida, M. Iraharu. Age-specific anti-mullerian hormone
concentration in Japanese women and its usefulness as a predictor
of the ovarian response. Reprod Med Biol. 2017; 16 (4): 364-373.

16. JP Parry and CA Koch. Ovarian reserve testing. Endotext. 2016;

MDText.com.Inc

ISSN: 2542-2758 (Print) 2542-2804 (Online)



Original Research Article

Mallick RL et al

17.

18.

19.

20.

21.

22.

23.

NP Johnson, EM Bargie, A. Coomarasamy, S. Bhattacharya, AN
Shelling, S Jessop, C. Farquhar, KS Khan. Ovarian reserve tests for
predicting fertility outcomes for assisted reproductive technology:
the international systematic collaboration of ovarian reserve
evaluation protocol for a systematic review of ovarian reserve test
accuracy. DOI:10.1111/j.1471-0528.2006.01068

Z Khralt. Influence of LH:FSH ratio on IVF outcome, comparing the
impacts of different triggering medicines. JFIV Reprod Med Genet.
2017;D0I:10.4172/2375-4508.1000204

R Rehman, H Syed, NT Igbal, S Arif, S Sheharyar. FSH/LH ratio in
females and intracytoplasmic sperm injection. J Pak Med Assoc.
2015; 65(12): 1330-1333. PMID: 26627517

A Shrim, SE Elizur, DS Seidman, J Rabinovici, A wiser, J Dor. Elevated
day 3 FSH/LH ratio due to low LH concentrations predicts reduced
ovarian response. Reprod Biomed Online. 2006; 12 (4): 418-422.
PMID: 16740213

SA Hameed, AH Salama, DH Salama, SM Ali. Comparative study
between measuring FSH, LH and E2 on day 2 and on any day of the
cycle.2017;69 (1): 1646-1654.

B Banaszewska, RZ Spaczynski, M Pelecz, L Pawelczyk. Incidence of
LH/FSH ratio in polycystic ovarian syndrome women with normo-
and hyperinsulinemia. Rocz Acad Med Bialymst. 2003; 48: 131-134.
PMID: 14737959

NA Malini and GK Roy. Evaluation of different ranges of LH:FSH ratios
in polycystic ovarian syndrome (PCOS) — clinical based case control
study. Gen Comp Endocrinol. 2018; 260: 51-57. PMID: 29273352
DOI:10.1016/j.ygcen.2017.12.007

24,

25.

26.

27.

28.

29.

30.

ISSN: 2542-2758 (Print) 2542-2804 (Online)

LE Sausedo de la, MR Moraga-Sanchez, SA Romeu, |0 Carmona-Ruiz.
LH-FSH ratio and polycystic ovarian syndrome: a forgotten test?
Ginecol Obstet Mex. 2016; 84 (2): 84-94. PMID: 27290835

WE Roudbesh, WJ Kivens, J]M Mattke. Biomarkers of ovarian reserve.
Biomarkers insight. 2008; 3: 259-268. PMID: 19578510

S. Prashad, T. Gupta, A. Divya. Correlation of the Day-3 FSH/LH ratio
and LH concentration in predicting IVF outcome. 2013; 14 (1): 23-28.
PMID: 23926557

P Drakakis, K Stefanidis, | Pafilis, E Vomvolaki, D Loutradis, A. Anstaklis.
Evaluation of age, basal FSH, LH, FSH/LH ratio and E2 levels in 800
patients as predictors of in vitro fertilization (IVF) outcome. Fertility
and Sterility. 2008; 90: 409-410. DOI: https://doi.org/10.
1016/j.fertnstert.2008.07.1438

SD Spandorfer, P Chung, O Davis, Z Rosenwaks. FSH to LH ratio on day
2 is predictive to IVF outcome in no leuprolide IVF stimulation cycles
in poor responders. Fertility and Sterility. 2005; 84 (1): DOI:
https://doi.org/10.1016/j.fertnstert.2005.07.102

DC Ekaa, A Jain, M Puri. Role of hormones in unexplained infertility.
IndJ Med Biochem. 2016; 20 (1): 34-37.

JD Kofinas and RT Elias. Follicle stimulating hormone/Leutineizing
hormone ratio as an independent predictor of response to
controlled ovarian stimulation. Women'’s Health. 2014; 10 (5): 505-
509.PMID: 24807379 DOI: 10.2217/whe.14.31

Birat Journal of Health Sciences
Vol.4/No.1/Issue 8/ Jan - April, 2019



