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Abstract 
Aim: This study evaluated the impact of age on the hormonal profiles of 
women diagnosed with infertility in a Fertility Clinic in Abia State, South-East, 
Nigeria. Methodology: Subjects comprised of 200 females: 150 subjects and 
50 controls, aged < 20 and up to 49 years, stratified into age < 20 years (con-
trol), age 20 - 29 years (group 1), age 30 - 39 years (group 2) and age 40 - 49 
years (group 3). About 5 ml of blood samples for anti-Mullerian, follicle 
stimulating, luteinizing, estradiol, and prolactin hormones determinations 
were collected on day 2 - 3 of spontaneous menstrual cycle from all groups 
and control and analyzed using enzyme-linked immunosorbent assay. The 
FSH/LH ratio of all groups was also calculated. The data were analyzed statis-
tically and values considered significant at p < 0.05. Result: The means ± 
SEM of serum anti-Mullerian hormones were 1602.44 ± 54.42 pg/ml (con-
trol), 848.06 ± 23.04 pg/ml (group 1), 26.74 ± 1.28 pg/ml (group 2), 10.37 ± 
1.26 pg/ml (group 3) values for follicle stimulating hormone in the control 
subjects was 4.90 ± 0.22 mIU/ml, 12.59 ± 0.79 mIU/ml (group 1), 30.59 ± 1.31 
mIU/ml (group 2), and 41.59 ± 1.59 miU/ml (group 3). Similarly, the mean ± 
SEM of luteinizing hormone of control, group 1, group 2 and group 3 were 
5.01 ± 0.22 mIU/ml, 15.02 ± 1.13 mIU/ml, 42.71 ± 1.82 mIU/ml and 58.22 ± 
2.62 mIU/ml respectively while for estadiol the values were 63.16 ± 1.95 
pg/ml, 94.10 ± 5.56 pg/ml, 58.84 ± 4.01 pg/ml and 36.7 ± 1.59 pg/ml for con-
trol, group 1, group 2 and group 3 respectively. The mean ± SEM of FSH/LH 
ratio for the control and experimental subjects were 0.98 ± 0.01, 0.89 ± 0.02, 
0.74 ± 0.03 and 0.75 ± 0.02 for control, group 1, group 2 and group 3 respec-
tively. The comparison of the means showed significant difference (p < 
0.0001). The hormonal parameters were also positively and negatively corre-
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lated amongst each. Conclusion: The evaluation of levels of the hormonal 
parameters across the age ranges of the population studied shows that women 
within the control and experimental group 1 (<20 years and 20 - 29 years) 
have a better chance of achieving pregnancy naturally. 
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1. Introduction 

Infertility is the inability of couples to accomplish conception or pregnancy after 
regular sexual intercourse for a period between one year and two years [1]. One 
of the main desires of couples in developing nations of the world is procreation 
[2]. Evidence shows that fertility is a major problem linked with reproductive 
health in sub-Saharan Africa [3]. As a result of poor documentation and lack of 
well-designed studies, an accurate prevalence of inability to be pregnant in de-
veloping countries has not been ascertained [4]. Many reports show that the ina-
bility to achieve pregnancy is one of the main reasons why couples visit gyneaco- 
logical clinics in Nigeria [5] [6]. 

In developed nations of the world inability to achieve pregnancy has an aver-
age prevalence rate of 10% - 15% [7] while in Sub-Saharan Africa, the prevalence 
rate of this reproductive condition ranges from 20% - 46% [8]. In Nigeria, 
institution-based incidence of infertility as reported from some parts shows that 
South-Eastern Nigeria has a prevalence rate of 11.2% [9]. The effects of inability 
to be pregnant in Sub-Saharan Africa are tremendous; it could result to marital 
problems, divorce, depression, isolation, physical violence, stigmatization and 
economic hardship among others [10] [11]. 

Infertility can be primary or secondary, primary when the woman has never 
conceived and this has a prevalent range of 0.6% to 3.4% while secondary infer-
tility is when the woman has achieved pregnancy before irrespective of the out-
come with prevalent range of 8.7% to 32.6% [12]. About 37% of infertility is 
found in infertile couples [13]. For sometimes now, delay in childbearing has 
increased in our society. A good number of women also delay marriages and 
tend to get married and bear children at an advanced age. This is a common ob-
servation noticed among couples that visit reproductive clinics [14]. Nonethe-
less, the likelihood of these women to get pregnant starts to worsen later in their 
reproductive age. The occurrence of sub-fertility increases by 6% for age 20 to 24 
years, 9% for age 25 to 29 years, 15% for age 30 to 34 years, 30% for age 35 to 39 
years, and 64% for age 40 to 44 years [15]. Data obtained from natural popula-
tion without contraception shows that fruitfulness from 35 years of age is de-
creased by half when compared with 25 years of age. In women, 35 years of age 
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is believed to be the age when decrease in fruitfulness is clearly noticed [16]. 
Inability to be pregnant within a reproductive age in the absence of contracep-

tives is on the increase in our society today, and delay in childbearing, voluntary 
and involuntary is common among couples that visit fertility clinics. This phe-
nomenon is on the increase in Nigeria, which calls for concern. Visits to fertility 
clinics across the country shows that the clinics are generally flooded with 
younger women who normally should be expected to bear children without any 
assisted means of reproduction. Based on the foregoing, this study was designed 
to evaluate the impact of age on the hormonal profiles of women diagnosed with 
infertility in a Fertility Clinic in Abia State, South-East, Nigeria.  

2. Materials and Methods 
2.1. Description of Study Area 

Participants (patients) comprised of women who were attending the Fertility 
Clinic and the Assisted Reproductive Technology Unit (ART) of Federal Medical 
Centre, Umuahia. At first visit, general data for criteria eligibility were obtained 
through interviews and by using a structured questionnaire. Subjects (infertile) 
and controls (fertile) that fulfilled the inclusion and exclusion criteria were 
enrolled into the study. The nature of the study was clearly explained to the re-
cruited participants (subjects and controls). They were all assured that the in-
formation gathered through the study would be kept confidential. 

2.2. Study Population 

The study consists of 200 females: 150 subjects and 50 controls, aged less than 20 
and up to 49 years were considered and recruited for the study. The population 
of women studied was stratified into age < 20 years which was used as the con-
trol (50 subjects), subjects in this group consists of relatively fertile women, age 
20 - 29 years as group 1 (50 subjects), age 30 - 39 years as group 2 (50 subjects) 
and age 40 - 49 years as group 3 of the experimental subjects (50 subjects).  

2.3. Ethical Approval 

The study was approved by the Research and Ethical Committee of the Federal 
Medical Centre, Umuahia, Abia State and each of the recruited participants gave 
an informed consent to participate in the study. 

2.4. Inclusive Criteria 

The studied population were subjects who were aged between 15 and 49 years of 
age, having unprotected sexual intercourse for a period of 1 year and above. The 
females used as control were relatively fertile women. Participants who were 
willing to participate in the study were non-pregnant women diagnosed with 
primary infertility. Those with oligo and or anovulation (defined by presence of 
oligomeorrhea or amenorrhea) and women with unexplained infertility were al-
so included in the study.  
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2.5. Exclusive Criteria 

Exclusive criteria included women below the age of 15 years, with primary infer-
tility with pure polycystic ovarian syndrome (PCOS), pelvic inflammatory dis-
eases, endometriosis and other pelvic pathologies and those already on IVF 
treatment with donor’s eggs were also excluded from the study.  

2.6. Experimental Design 

This is a case control-study, carried out among women attending the Fertility 
Clinic and the Assisted Reproductive Technology Unit (ART) of Federal Medical 
Centre, Umuahia, Abia State, South Eastern Nigeria. Information on age, dura-
tion of infertility, family history, menstrual flow, self-help measures, and other 
vital informations required for the study were obtained from the participants 
using a structured questionnaire. 

2.7. Sample Size Calculation 

The sample size was calculated using the formula by Naing et al. [17]. In Nigeria, 
institution-based incidence of infertility as reported from some parts shows that 
the South-Eastern Nigeria has a prevalent rate of 11.2% [9].  

2.8. Specimen Collection 

Blood samples were collected on day 2 - 3 of spontaneous menstrual cycle from 
both experimental subjects and control. About 5ml of the venous blood samples 
were withdrawn from the selected subjects and dispense into plain sample con-
tainers properly labeled with subject’s name and age. The blood samples were 
left to coagulate spontaneously, centrifuged at 1000 × g for 15 - 20 minutes and 
the serum separated immediately into plain sterile sample bottles with Pasteur 
pipette and the test carried out immediately. Samples not assayed immediately 
were stored frozen in the refrigerator at 2˚C - 8˚C for 7 days. 

2.9. Biochemical Determinations 

Serum estradiol (E2) (Product Code: 4925-300), follicle stimulating hormone 
(FSH) (Product Code: 425-300), luteinizing hormone (LH) (Product Code: 
525-300), prolactin (PRL) (Product code: 725-300) and anti-mullerian hormone 
(AMH) (Product code: 9725-300), were determined using Accu Bind enzyme- 
linked immunosorbent assay (ELISA) microwells produced Monobind Inc., Lake 
Forest CA 92630, USA. The tests were read using microplate reader, Model: 
STAT FAX 303/PLUS, Serial number 303-6668 manufactured by Awareness 
Technology Inc., Palm City, FL 34990. 

2.10. Statistical Analysis 

The statistical software used for the analysis and graphics presentation is the Sta-
tistical Analysis System (SAS), STAT 15.1, developed by SAS Institute, North 
Carolina State University, USA. Data are presented as means ± SEM. Comparison 
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of means of groups that are more than two was done using analysis of variance 
(ANOVA), and the Tukey test of multiple comparison was used to test for va-
riance within and across groups. Variation between two groups was done using 
the Student t-test analysis while Chi-square analysis was used to compare per-
centages. The Pearsons correlation was used to determine the correlations be-
tween parameters. Variation in means of parameters was considered statistically 
significant at p < 0.05. 

3. Results 
3.1. Distribution of Age (Years) of Study Subjects 

The distribution of the age of the subjects in the study (Figure 1) shows that 
15% of the studied population were found in the control group (<20 years) while 
35% of the subjects were in group 1 (20 - 29 years) of age. Similarly, 25% of the 
subjects were in group 2 (30 - 39 years) while 25% of the subjects were in group 
3 (30 - 49 years).  

The means ± SEM of serum AMH by experimental groups was 1602.44 ± 
54.42 pg/ml for control, 848.06 ± 23.04 pg/ml for group 1, 26.74 ± 1.28 pg/ml for 
group 2, while group 3 was 10.37 ± 1.26 pg/ml and significant difference in the 
means was observed between experimental groups and control (p < 0.0001, F = 
663.96). The mean of serum AMH for control subjects was significantly (p < 
0.05) different from the AMH means in groups 1 - 3. Similarly, the comparison 
of the mean of AMH between group 1 with the other groups showed significant 
difference (p < 0.05). No significant (p > 0.05) difference in mean of serum 
AMH was seen between 2 and 3. The box plot analysis showing the trend of de-
crease of serum AMH concentrations as the age of the subjects increase from 
control to experimental groups 1 - 3 is shown in Figure 2. 

The mean ± SEM of FSH in the control subjects was 4.90 ± 0.22 mIU/ml, 
12.59 ± 0.79 mIU/ml for group 1, 30.59 ± 1.31 mIU/ml for group 2, and 41.59 ± 
1.59 miU/ml for group 3. The means of FSH by control and experimental groups 
showed that they were significantly different (p < 0.0001, F = 229.65). The Tukey 
test of multiple comparison analysis of the means of FSH within the experimen-
tal groups and control shows that the mean of serum FSH is significantly (p < 
0.05) different from each other. Also, the box plot analysis showing the trend of 
increase in the mean of FSH by the control and experimental groups is shown in 
Figure 3. 

The boxplot analysis of the mean ± SEM of serum LH in the subjects by expe-
rimental groups and control is shown in Figure 4. The figure shows the mean ± 
SEM of control is 5.01 ± 0.22 mIU/ml, 15.02 ± 1.13 mIU/ml for group 1, 42.71 
± 1.82 mIU/ml for group 2, and 58.22 ± 2.62 mIU/ml for group 3 and signifi-
cant difference (p < 0.0001, F = 208.97) was observed between them. Turkey 
test of multiple comparison analysis of means of LH within the experimental 
groups and control showed significant (p < 0.05) difference between each of 
the groups.  

https://doi.org/10.4236/ojim.2020.101006


E.-A. S. Bartimaeus et al. 
 

 
DOI: 10.4236/ojim.2020.101006 56 Open Journal of Internal Medicine 
 

 
Figure 1. Distribution of age (years) of study subjects. 

 

 
Figure 2. Boxplot of AMH by experimental groups. 
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Figure 3. Box plot of FSH by experimental groups. 
 

 
Figure 4. Boxplot of LH by experimental groups. 
 

The mean ± SEM of serum E2 by experimental groups and control (Figure 5) 
were 63.16 ± 1.95 pg/ml for control, 94.10 ± 5.56 pg/ml for group 1, 58.84 ± 4.01 
pg/ml for group 2, and 36.7 ± 1.59 pg/ml for group 3 and significant difference 
(p < 0.0001, F = 41.92) was observed between them. The mean of serum E2 for  
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Figure 5. Boxplot of E2 by experimental groups. 

 
the control subjects was significantly (p < 0.05) different from the E2 means in 
group 1 and 3. Similarly, the comparison of mean of E2 for group 1 with the 
other groups showed significant difference (p < 0.05). No significant difference 
(p > 0.05) in mean of E2 was observed between the control and group 2. 

The mean ± SEM of prolactin by experimental groups and control was 8.26 ± 
0.39 ng/ml for the control, 11.65 ± 0.67 ng/ml for group 1, 11.99 ± 1.49 ng/ml 
for group 2, and 2.90 ± 0.29 ng/ml for group 3. The means of serum prolactin by 
experimental groups and control showed significant difference (p < 0.0001, F = 
24.38). The comparison of the means of prolactin within the groups showed that 
while the means of serum prolactin for the control, group 1 and group 3 were 
significantly (p < 0.05) different from each other, no significant difference (p > 
0.05) was observed between the means of group 1 and group 2. The box plot 
analysis indicating the trend of PRL for the control and experimental groups is 
shown in Figure 6. 

The computation of the means of FSH/LH ratio for the control and experi-
mental groups show that the mean ± SEM of FSH/LH ratio for the control and 
experimental subjects in group 1 were 0.98 ± 0.01 and 0.89 ± 0.02 while the 
means for group 2 and group 3 were 0.74 ± 0.03 and 0.75 ± 0.02 respectively. 
The comparison of the means shows that they were significantly different (p < 
0.0001, F = 35.73). Tukey test of multiple comparison analysis showed that the 
means of the control, group 1 and group 2 were significantly (p < 0.05) different 
from each other while no significant difference (p > 0.05) was seen between the 
means of group 2 and group 3. The box plot analysis of FSH/LH ratio showing 
the trend of FSH/LH ratio in the control and experimental groups is shown in 
Figure 7. 
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Figure 6. Boxplot of prolactin by experimental groups. 

 

 
Figure 7. Boxplot of FSH: LH ratio by experimental groups. 

3.2. Pearson Correlations among Hormonal Parameters of Study  
Subjects 

Pearson correlation between hormonal parameters of < 20 years old subjects 
(control group) is shown in Table 1. The table shows that negative correlations 
exist between FSH and AMH (r = −0.4724, p < 0.0005), LH and AMH (r = 
−4832, p < 0.0004), E2 and AMH (r = −0.4227, p < 0.0022), PRL and AMH (r = 
−0.4326, p < 0.0016). However, LH and FSH (r = 0.9952, p < 0.0001), E2 and  
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Table 1. Pearson correlation between hormonal parameters of control subjects (<20 
years). 

Parameter by Parameter Correlation Lower 95% Upper 95% P-Value 

FSH (mIU/mL) AMH (pg/mL) −0.4724 −0.6635 −0.2234 0.0005*** 

LH (mIU/mL) AMH (pg/mL) −0.4832 −0.6713 −0.2367 0.0004*** 

LH (mIU/mL) FSH (mIU/mL) 0.9952 0.9915 0.9973 <0.0001**** 

E2 (pg/mL) AMH (pg/mL) −0.4227 −0.6273 −0.1636 0.0022** 

E2 (pg/mL) FSH (mIU/mL) 0.6487 0.4520 0.7853 <0.0001**** 

E2 (pg/mL) LH (mIU/mL) 0.6361 0.4347 0.7769 <0.0001**** 

PRL (ng/mL) AMH (pg/mL) −0.4356 −0.6367 −0.1789 0.0016** 

Significance Level: * = p < 0.05, ** = p < 0.01, *** = p < 0.001, **** = p < 0. 0001. 

 
FSH (r = 0.6487, p < 0.0001), and E2 by LH (r = 0.6361, p < 0.0001) were posi-
tively correlated.  

Pearson correlations between hormonal parameters of 20 - 29 years old sub-
jects (Group 1) is shown in Table 2. The table shows that FSH and AMH (r = 
−0.7388, p < 0.0001), LH and AMH (r = −0.7000, p < 0.0001), E2 and AMH (r = 
−0.5604, p < 0.0001), PRL and AMH (r = −0.3174, p < 0.0247), FSH/LH and FSH 
(r = −0.2844, p < 0.0.0453), and FSH/LH ratio and LH (r = −0.6782, p < 0.0001) 
were negatively correlated (p < 0.0001). Strong positive correlations were seen 
between LH and FSH (r = 0.8849, p < 0.0001), E2 and FSH (r = 0.6793, p < 
0.0001), E2 and LH (r = 0.5937, p < 0.0001), PRL and FSH (r = 0.3677, p < 
0.0086) and PRL and LH (0.4172, p < 0.0026) as shown in Table 2. 

3.3. Pearson Correlations between Hormonal Profile Parameters  
of 30 - 39 Years Old Subjects  

Table 3 shows Pearson correlations between hormonal parameters of 30 - 39 
years old subjects (group 2). FSH and AMH (r = −0.5593, p < 0.0001), LH and 
AMH (r = −0.4135, p < 0.0028), E2 and FSH (r = −0.4915, p < 0.0003), and E2 
and LH (r = −0.3325, p < 0.0183) showed negative correlations while LH and 
FSH (r = 0.6754, p < 0.0001) and FSH/LH by FSH (r = 0.3140, p < 0.0264) 
showed positive correlation.  

3.4. Pearson Correlations between Hormonal Profile Arameters  
of 40 - 49 Years Old Subjects 

Table 4 shows Pearson correlations between hormonal parameters of 40 - 49 
years old subjects (Group 3). FSH and AMH (r = −0.02882, p < 0.0424), LH and 
AMH (r = −0.3267, p < 0.0206), E2 and FSH (r = −0.5705, p < 0.0001), E2 by 
LH (r = −0.6091, p < 0.0001), PRL and FSH (r = −0.3225, p < 0.0224), PRL and 
LH (r = −0.3854, p < 0.0057) and FSH/LH and LH (r = −0.6252, p < 0.0001) 
showed negative (p < 0.05) correlations while LH and FSH (r = 0.7354, p < 
0.0001), and E2 and AMH (r = 0.7184, p < 0.0001) showed positive (p < 0.05) 
correlations. 
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Table 2. Pearson correlations between hormonal parameters of 20 - 29 years old subjects.  

Variable by Variable Correlation Lower 95% Upper 95% P-Value 

FSH (mIU/mL) AMH (pg/mL) −0.7388 −0.8437 −0.5797 <0.0001**** 

LH (mIU/mL) AMH (pg/mL) −0.7000 −0.8188 −0.5236 <0.0001**** 

LH (mIU/mL) FSH (mIU/mL) 0.8849 0.8049 0.9334 <0.0001**** 

E2 (pg/mL) AMH (pg/mL) −0.5604 −0.7256 −0.3342 <0.0001**** 

E2 (pg/mL) FSH (mIU/mL) 0.6793 0.4945 0.8054 <0.0001**** 

E2 (pg/mL) LH (mIU/mL) 0.5937 0.3778 0.7484 <0.0001**** 

PRL (ng/mL) AMH (pg/mL) −0.3174 −0.5474 −0.0429 0.0247* 

PRL (ng/mL) FSH (mIU/mL) 0.3677 0.0995 0.5861 0.0086** 

PRL (ng/mL) LH (mIU/mL) 0.4172 0.1571 0.6232 0.0026** 

FSH/LH AMH (pg/mL) 0.3863 0.1210 0.6001 0.0056** 

FSH/LH FSH (mIU/mL) −0.2844 −0.5215 −0.0066 0.0453* 

FSH/LH LH (mIU/mL) −0.6782 −0.8047 −0.4930 <0.0001**** 

Experimental Group: Group 1 [20 - 29 years, (Mean = 25.46 ± 0.41)]. Significance Level: * = p < 0.05, ** = p 
< 0.01, *** = p < 0.001, **** = p < 0. 0001. 

 
Table 3. Pearson correlations between hormonal profile parameters of 30 - 39 years old.  

Parameter by Parameter Correlation Lower 95% Upper 95% P-Value 

FSH (mIU/mL) AMH (pg/mL) −0.5593 −0.7248 −0.3328 <0.0001**** 

LH (mIU/mL) AMH (pg/mL) −0.4135 −0.6204 −0.1527 0.0028** 

LH (mIU/mL) FSH (mIU/mL) 0.6754 0.4890 0.8028 <0.0001* 

E2 (pg/mL) FSH (mIU/mL) −0.4915 −0.6772 −0.2469 0.0003*** 

E2 (pg/mL) LH (mIU/mL) −0.3325 −0.5591 −0.0597 0.0183* 

FSH/LH FSH (mIU/mL) 0.3140 0.0390 0.5447 0.0264* 

FSH/LH LH (mIU/mL) −0.4609 −0.6552 −0.2094 0.0008*** 

Experimental Group: Group 2 [30 - 39 years, (Mean = 36.78 ± 0.35)]. Significance Level: * = p < 0.05, ** = p 
< 0.01, *** = p < 0.001, **** = p < 0. 0001. 

 
Table 4. Pearson correlations between hormonal profile of 40 - 49 years old subjects. 

Parameter by Parameter Correlation Lower 95% Upper 95% P-Value 

FSH (mIU/mL) AMH (pg/mL) −0.2882 −0.5244 −0.0107 0.0424* 

LH (mIU/mL) AMH (pg/mL) −0.3267 −0.5546 −0.0532 0.0206* 

LH (mIU/mL) FSH (mIU/mL) 0.7354 0.5746 0.8415 <0.0001**** 

E2 (pg/mL) AMH (pg/mL) 0.7184 0.5500 0.8306 <0.0001**** 

E2 (pg/mL) FSH (mIU/mL) −0.5705 −0.7325 −0.3473 <0.0001**** 

E2 (pg/mL) LH (mIU/mL) −0.6091 −0.7588 −0.3983 <0.0001**** 

PRL (ng/mL) FSH (mIU/mL) −0.3225 −0.5514 −0.0485 0.0224* 

PRL (ng/mL) LH (mIU/mL) −0.3854 −0.5994 −0.1199 0.0057** 

FSH/LH LH (mIU/mL) −0.6252 −0.7696 −0.4199 <0.0001**** 
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4. Discussion 

Reproductive aging is accompanied with diminution of primordial follicle pool 
and gradual decline in the quality of oocyte. As observed in the present study, 
serum AMH decreases significantly as the age of individuals increases. Since in-
fertility is synonymous with advanced age, its evaluation is of great importance 
in ART. This is in consonance with the reports of Broer et al. [18] that serum 
AMH is the best possible marker for screening and is also helpful for quick re-
ferral of women who are facing challenges of child birth to IVF centres for in-
tervention.  

Using the standard reference limit of (3.0 - 12) mIU/mL for FSH, (0.5 - 10.5) 
mIU/mL for serum LH level, 44 - 196 pg/mL for E2 and 1.2 - 19.5 ng/mL for 
PRL, it was observed from the study that the control group (age < 20 years) had 
serum FSH, LH and E2 levels within the standard reference limit. Participants in 
this group do not require ovarian stimulation to enable pregnancy; they also 
stand a better chance of achieving pregnancy naturally, bearing in mind the role 
of E2 in development of follicles and choosing of dominant follicles. Smotrich et 
al. [19] had earlier stated that subjects with E2 within 65 - 75 pg/mL achieved a 
higher pregnancy rate when cycle is initiated. Patients in this category are classi-
fied by Rehman et al. [20], as high responders. This finding is similar to the re-
port of Al-Fahham & Al-Norway [21], when they carried out a study on the role 
of FSH, LH and prolactin hormones on female infertility. They observed normal 
FSH and LH levels among women within the age of 17 - 20 years. Observation 
from this study is also supported by the finding of Sudha & Ruddy [22] as re-
ported in their cross-sectional study on the causes of infertility in women. 
Huang et al. [23] reported that patients with normal serum prolactin levels had 
higher fertilization and cleavage occurrences and could achieve pregnancy 
without taking hyperprolactinaemic drugs. 

The serum FSH, LH, E2 and PRL levels of study participants within 20 - 29 
years of age showed a slight increase in serum levels above the standard refer-
ence limits. Subjects within this age bracket possessed the potential of achieving 
pregnancy naturally, and may or may not require ovulation induction or ovarian 
stimulation before they could be pregnant. This finding is in line with the study 
of Al-Fahham & Al-Norway [21] and Sudha & Ruddy [22]. However, with re-
spect to E2, subjects with such raised E2 levels higher than 80 pg/mL would find 
it difficult to conceive naturally and when stimulated will exhibit poor response. 
This observation correlates with study carried out by Mutlu & Erdem, [24] on 
basal E2 levels. They opined that subjects with basal estradiol levels of 80 pg/mL 
and above throughout their cycle prior to IVF treatment gets diminished occur-
rence of pregnancy for each cycle commenced and had increased withdrawal 
rate, when matched with patients whose estradiol levels measured below 80 
pg/mL. Subjects in this age range with raised prolactin cannot conceive naturally 
unless the serum prolactin level is reduced with the help of hyperprolactinaemic 
drugs. 
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The basal serum FSH and LH levels of subjects between age 30 - 39 years and 
40 - 49 years were hgher than basal serum FSH and LH levels beyond the stan-
dard reference limit of (3.0 - 12) mIU/mL and (0.5 - 10.5) mIU/mL respectively, 
which shows an increasing trend as the age of participants in the study increases. 
This trend is traceable to poor ovarian reserve and interruption in the functions 
of the ovaries. This also implies that maturation of eggs and ovulation may not 
be possible in an advanced age. This is in agreement with the study of Sowers et 
al. [25], and Fang et al. [26] that significant increase in FSH levels with increas-
ing age is a result of disturbances in the ovarian function which relates directly 
with infertility. The implication of elevated LH values points to cycle inconsis-
tency, which hinders folliculogenesis and normal function of the ovaries, an im-
portant role played by LH, and this will nonetheless, lead to infertility and in-
creased occurrence of miscarriages [27] [28]. However, serum E2 levels of group 
2 (30 - 39 years), and group 3 (40 - 49 years), was observed to be low, though 
within the standard reference limit, but lower than 65 pg/mL. Women in this 
category will find it extremely difficult to achieve pregnancy naturally. They are 
classified also as poor responders when subjected to ovarian stimulation and in-
duction. This finding corresponds with the scientific opinion of Smotrich et al. 
[19] that women with low serum E2 values will respond poorly during ovarian 
stimulation or induction during IVF intervention. The PRL level of group 3 was 
observed to be lower than normal when compared with the control. This varia-
tion could be as a result of the transient nature of prolactin and its secretion 
from different parts of the body. These, however, ruled out serum PRL as ideal 
biomarker in evaluating ovarian reserve. Nonetheless, patients with normal pro-
lactin levels have an advantage during in vitro fertilization when compared with 
patients with high prolactin levels, which agree with the studies of Reinthaller et 
al. [29] and Ekwempu et al. [30].  

The present study also considered baseline FSH: LH ratio of both experimen-
tal subjects and controls, using FSH/LH cut-off value of ≤ 0.90 and ≥2 [31]. Ob-
servation from our study showed that the control group < 20 years will respond 
better should there be IVF intervention in a situation where conception could 
not be achieved naturally while groups 1 (20 - 29 years), group 2 (30 - 39 years) 
and group 3 (40 - 49 years) of age will experience difficulty in getting pregnant 
naturally, and may not benefit optimally during IVF intervention. The implica-
tion of the above is that participants in the control group stand a better chance 
to benefit from in vitro fertilization and embryo transfer than participants in 
groups 1, 2 and 3. This observation is at par with the report of Liu et al. [31] that 
FSH: LH ratio of ≤ 0.90 and ≥2 is associated with higher rate of cancellation of 
IVF and embryo transfer. 

In this study, correlation analysis of serum AMH with FSH and age showed 
that serum AMH and serum FSH weighted by age had a strong significant in-
verse relationship (r = −0.7800, p < 0.0001). This negative correlation between 
serum AMH and serum FSH was observed across the four (4) experimental 
groups. The AMH levels decreased significantly (p < 0.0001) across the 3 expe-
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rimental groups as the age of participants increases. The serum FSH levels 
showed a significant increase (p < 0.0001) in groups 1, 2 and 3, when compared 
with the control group as the age of the participants increases. This implies that 
baseline serum FSH increases in infertility with a corresponding decrease in se-
rum AMH as shown in the present study. The present observation is in agree-
ment with the finding of Barbakadze et al. [32] that with age, serum AMH and 
basal AFC levels decreases very strongly, while serum FSH levels increased 
moderately. 

The present study also correlated serum AMH and LH and observed a signifi-
cantly strong negative (r = −0.7663, p < 0.0001) correlation, weighted by age, 
between serum AMH and LH levels. The same inverse relationship was observed 
across the four (3) experimental groups. This finding correlates with the report 
by Bala et al. [33] when they investigated the correlation of AMH, FSH and LH 
in female infertility and observed that serum AMH, FSH and LH are negatively 
associated. Decreased serum AMH levels with increased age were synonymous 
with increased serum FSH and LH levels. Similar findings were reported by de 
Vet et al. [34] where they proposed that differences in serum AMH levels have 
been shown to take place much earlier in the series of happenings that is related 
to ovarian aging while Burger et al. [35] stated that increased serum FSH values 
are not seen until cycles become irregular.  

The correlation analysis performed between serum E2 and serum AMH, 
weighted by age, showed a significant weak positive correlation (r = 0.3150, p < 
0.0001). The correlation between serum E2 and FSH showed an inverse correla-
tion (r = −0.5011, p < 0.0001). The same inverse correlation (r = −0.4908, p < 
0.0001) was observed between E2 and LH. The observed inconsistency and fluc-
tuation in correlation between serum estradiol and other biochemical markers is 
probably as a result of the multiple sites of E2 secretion. This factor, therefore, 
ruled out E2 as an ideal marker of ovarian pool. This observation agrees with the 
position of Jamil et al. [36] where they reported that serum E2 cannot be used 
singly as a marker of ovarian reserve because of the different sites of secretion of 
estradiol. This observation is in line with reports of meta-analysis by Broekmans 
et al. [37]. They concluded that basal E2 does not possess forecasting value like 
the other ovarian reserve test. This is the main reason why E2 cannot be classi-
fied nor recommended in clinical practice in the evaluation of ovarian reserve. 
While Mutlu & Erdem [24], opined that addition of day 3 estradiol while esti-
mating FSH levels could be helpful in reducing the occurrence of false negative 
results encountered when serum FSH is used alone and could assist clinicians in 
the explanation of FSH results.  

An inverse correlation (r = −0.4356, p < 0.001) was observed between PRL 
and AMH, weighted by age in the experimental subjects. This implies that in-
creased serum prolactin levels (Hyperprolactinaemia) could lead to decrease in 
serum AMH levels which will in turn affect conception. This is similar to the 
reports of Ekwempu et al. [30] that hyperprolactinaemia is implicated in most 
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cases of infertility. No significant difference (p > 0.05) was observed between se-
rum PRL and FSH levels, serum PRL with LH levels, and between serum PRL 
and E2 levels, both in the experimental subjects weighted by age, and control. 
This implies that serum PRL does not have correlation with FSH, LH, and E2 
based on our observation in the present study. This lack of correlation between 
serum PRL and other hormonal parameters could be attributed to the transient 
nature of serum prolactin. Its elevation above normal levels (hperprolactinae-
mia) could be as a result of other factors or medical conditions. This is in agree-
ment with the report of Majumdar & Margal [38] where they reported that 
hyperplactinaemia can be physiological, pathological or idiopathic. This shows 
that serum PRL levels cannot be seen as a useful biochemical indicator in ova-
rian reserve assessments, but could be used for fertility evaluation to rule out 
hyperproteinaemia which could affect the chances of pregnancy. Serum prolac-
tin has an important role to play in the regulation of reproductive functions.  

The correlation between FSH/LH ratio and other hormonal parameters used 
in the present study in the control participants showed no correlation between 
FSH/LH ratio and AMH. In group 1 (20 - 29 years) a moderate positive correla-
tion (r = 0.3863, p < 0.0056) between FSH/LH ratio and AMH was observed. In 
group 2 and group 3, we observed that no correlation existed between FSH/LH 
ratio and AMH. This implies that FSH/LH ratio with AMH cannot be a good 
ovarian reserve predictor when combined. Nonetheless, FSH/LH ratio can be 
used independently in forecasting pregnancy outcome and response in con-
trolled ovarian stimulation. This is in agreement with the report of Mukherjee et 
al. [39]; Kofinas & Elias [40] on the clinical use of FSH/LH ratio as an indepen-
dent predictor of response to controlled ovarian stimulation during IVF treat-
ment. 

5. Conclusion 

The evaluation of levels of anti-Mullerian hormone, follicle stimulating hor-
mone, luteinizing hormone, estradiol, prolactin and FSH/LH ratio across the age 
range of the population studied shows that women within the control and expe-
rimental group 1 (<20 years and 20 - 29 years) consisting of 50% of the women 
studied have a better chance of achieving pregnancy naturally and may not 
therefore require ovarian stimulation to enable pregnancy. 
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