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ABSTRACT

Background: Polycystic ovarian syndrome is associated with high LH related to infertility.
Objectives: We aim at detecting the effect of day 1 LH on the outcome of controlled ovarian stimulationin slim PCOS
cases to determine a cut- off value for LH.
Study design: We retrospectively analysed the out- come of stimulated cycles in PCOS cases with a body mass index 18-29
kg/m2 visiting the reproductive medicine clinic in El Shatby university hospital ,Egypt. They were divided into two groups:
Group A( LH less than or equal to 6IU/dl ) and Group B ( LH more than 6).Recombinent FEH was started day 2 and ovarian
responce was monitored by folllicular scanning and serum estradiol (E2). HCG trigger was considered when the leading
follicle is at least 18 mm , luteal phase was supported by vaginal micronised progesterone. Prenancy test in blood was done
16 days later.
Results: significant difference was found in gonadotrophin dose and in pregnancy rate.
Conclusion: Day 1 LH had a negative predictive value better than a positive predictive value for occurrence of pregnancy.
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INTRODUCTION

This diagnostic test accuracy (DTA) research planned
to determine a cut-off value for LH in slim females with
polycystic ovaries anticipating pregnancy in day 1 prior to
ovarian stimulation.

TSteroidogenesis and folliculogenesis are regulated
by Luteinizing hormone, Follicle stimulating hormone
and GnRH. LH plays a role in both oocyte maturation
and ovulation through a mechanism which is poorly
understood(1).Granulosa cells acquire LH receptors by
the mid follicular phase of the menstrual cycle coinciding
with a rise in LH level (2) and a premature LH surge may
cause early luteinization and follicular atresia in cases of
controlled ovarian stimulation (3) . High LH levels causes
premature secretory transformation of the endometrium
decreasing the chances of implantation and thereby
decreasing pregnancy rates 4- 6. .

Inclusion criteria: Women with polycystic ovaries,
Body Mass Index (BMI) ranging between 18 and 29 kg/
m2, day 1 AMH level above 1.5ng/mL, FSH level less than
10 IU/mL, prolactin level< 25 ng/mL, normal TSH 0.4 to
4.0 (mIU/L)., T3 from 3 to 11 mcg/dL, T4 levels from 4.5
to 11.2 mcg/dl and normal semen analysis for the male.
Exclusion criteria: Endometriosis or uterine
abnormalities in ultrasound, and history of previous
adnexal surgery, They were retrospectively divided into
two groups according to serum LH on day 1 prior to
ovarian stimulation:

PATIENTS AND METHODS
We retrospectively analysed the outcome of controlled
ovarian stimulation performed in the period between
January 2015 and January 2016. A total of 122 women
with polycystic ovaries were recruited at the clinic of
Reproductive Medicine, Department of Obstetrics and
Gynecology, Faculty of Medicine, Alexandria University,
Egypt.

Group-A included women with LH less than or equal to 6
Group-B included women whose LH is more than 6
Data recorded for the analysis included age, gravidity
and parity, days of stimulation, doses of gonadotrophins ,
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estradiol level on the day of human chorionic gonadotropin
(hCG) administration, endometrial thickness, number of
stimulated cycles and pregnancy outcome.

evaluating age. The P values proved to be non-significant
as they were 0.565 and 0.070, respectively.. MannWhitney U test used for evaluating gravidity and parity
proved also to be non-significant (p =0.711 for gravidity
and p=0.559 for parity). Duration of stimulation was not
significant between the two groups (p=0.952). Ovarian
stimulation in group A had a mean of 12.28 compared
to 12.32 in group-B (Table 2 and Figure 2). Significant
difference was found between the two groups as regards
doses of gonadotrophins (p=0.000) where group-A used
lower doses of gonadotrophins (a mean of 177.3630) to
reach a mature ovarian follicular size ≥18 mm compared
to a mean of 227.9891 in group B (Table 3 (III) and
Figure 3).

The
recombinant
FSH
(rFSH)
(Gonapure,
Menapharm,orPuregon ,Organon) was started at a dose of
75- 225 IU subcutaneously per day on day 2 of the cycle
(which is considered as Day 1 of stimulation) according
to number of the antral follicles, baseline FSH and age
of patient. The ovarian response and the need for further
doses were monitored by ultrasound and Estradiol (E2)
on day 5 of the stimulation.
Day of hCG trigger was considered when the leading
follicle was >18 mm on follicular imaging, patients
received injectable- hCG (13000 IU SC; Ovitrelle,
Serono S.A. 10,000 IU IM; Choriomon, Organon).

Estradiol levels revealed non-significant difference
between the two groups (p=0.967). The means were
2288.68 and 2229.54 for group- A and B, respectively
(Table 4 and Figure 4).

The luteal phase was supported by daily vaginal
administration of 200 mg micronized Progesterone
(Prontogest 200, Bayer) beginning 48 hours after hCG
injection. Serum concentration of b-hCG was measured
on day 16 after day of hCG trigger, and in case of
concentrations 20 IU/l, which indicated conception,
ultrasound scans were performed at 7–8 weeks gestation
to verify the viability of pregnancy.

No significant difference was found in the
endometrial thickness between the two groups
(p=0.767). The mean for endometrial thickness in
group A was 9.30 compared to 9.23 in group B (Table 5
(V) and Figure 5). A significant association between serum
LH and pregnancy was found, whereas in group A, 15
out of 58 (20.5%) cases got pregnant and in group B
only 3 out of 43 (6.5%) cases got pregnant showing a
significant difference between the two groups where
p=0.038* ) Table 6) and Figure 6).

The specific aims are to assess the impact of day
1 serum LH concentration on ovarian response and
pregnancy outcome.
RESULTS

The value of serum LH concentration on day 1
prior to ovarian stimulation discriminating conception
versus non-conception cycles was examined with ROC
analysis.

The original number of cases fulfilling the inclusion
criteria was 122 but 4 cases did not continue the
stimulation protocol so they were excluded from the
study. A total of 118 cases were divide into two groups
according to LH level on day 1 prior to stimulation

ROC curve
Area under the curve = 0.764, 95% confidence
interval b of 0.677 to 0.837 (Z=4.476, p=0.0001.) We
used Youden methodology to adapt a cut off value of
LH. Youden index suggests a value of LH ≤3.9 IU for
achievement of pregnancy with sensitivity of 77.78, 95%
confidence interval b of 0.677 to 0.837), (specificity
of 72.28, 95% confidence interval b of 0.677 to 0.837)
(positive predictive value of 33.3, confidence interval b of
19.6- 49.5) and (negative predictive of 94.8, confidence
interval b of 87.2- 98.6).

The two groups are Group-A, which included women
with LH less than or equal to 6 and group-B including
women with LH more than6.
Age, gravidity and parity were not significantly
different between both groups shown in Table 1 and
Figure. 1, the mean for age in group A was 27.34
compared to 25.95 in group B. We used Levene's test for
equality of variances and independent samples t-test for
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Figure 1: Box and whisker graph of age (years), the thick line in the
middle of the box represents the median, the box represents the
inter-quartile range (from 25th to 75th percentiles), the whiskers
represents the minimum and maximum values.

Figure 3: Box and whisker graph of doses of gonadotrophins, the
thick line in the middle of the box represents the median, the box
represents the inter-quartile range (from 25th to 75th percentiles),
the whiskers represents the minimum and maximum values.

Figure 2: Box and whisker graph of days of stimulation, the
thick line in the middle of the box represents the median,
the box represents the inter-quartile range (from 25th to
75th percentiles), the whiskers represents the minimum
and maximum values after excluding outliers (black-filled
circles).

Figure 4: Box and whisker graph of estradiol level (E2) on the
day of hCG, the thick line in the middle of the box represents
the median, the box represents the inter-quartile range (from 25th
to 75th percentiles), the whiskers represents the minimum and
maximum values after excluding outliers (black-filled circles)
and extremes (black asterisks).

Figure 5: Box and whisker graph of endometrial thickness
on the day of hCG, the thick line in the middle of the box
represents the median, the box represents the inter-quartile
range (from 25th to 75th percentiles), the whiskers represents
the minimum and maximum values.

Figure 6: LH level and occurrence of pregnancy.
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Table 2: Days of stimulation.
LH level <6
(n=73)

LH level >6
(n=46)

Total
(n=119)

KS test D

0.176
(p=0.000*)

0.274
(p=0.000*)

0.214
(p=0.000*)

Minimum

10.00

10.00

10.00

Maximum

15.00

15.00

15.00

Mean

12.28

12.32

12.30

± SD

1.123

1.055

1.093

Median

12.00

12.00

12.00

12.00-13.00

12.00-13.00

12.00-13.00

Days of
stimulation

Inter-quartile
range
Mann-Whitney
U test

Figure 7: sensitivity and specificity of LH for achievement of
pregancy.

KS: Kolmogorov-Smirnov test of normality

Table 3: Doses of gonadotrophins.

Table 1: Comparison of age , parity and gravidity
LH level <6
(n=73)

LH level >6
(n=46)

Total
(n=119)

KS test D

0.081 (p=0.200
NS)

0.126 (p=0.063
NS)

0.091
(p=0.017*)

Minimum

19.00

20.00

19.00

Maximum

38.00

38.00

38.00

Mean

27.34

25.95

26.80

± SD

3.848

4.304

4.069

Median

28.00

25.00

26.00

24.00-30.00

22.00-29.00

24.00-29.00

Levene's Test
for Equality
of Variances

F=0.333
p=0.565 NS

Independent
Samples t-test

t=1.827
p=0.070 NS
0.00

0.00

Maximum

3.00

3.00

3.00

Median

1.00

0.50

1.00

0.00-1.00

0.00-2.00

0.00-1.00

0.334
(p=0.000*)

0.261
(p=0.000*)

0.284
(p=0.000*)

Minimum

117.50

117.50

117.50

300.00

300.00

300.00

Mean

177.3630

227.9891

196.9328

± SD

59.60502

69.99925

68.18581

Median

150.0000

225.0000

150.0000

150.00-225.00

150.00-300.00

150.00225.00

Inter-quartile
range

Z=3.753
p=0.000**

Table 4: Estradiol level.

Z=0.371
p=0.711 NS

Minimum

0.00

0.00

0.00

Maximum

2.00

3.00

3.00

Median

0.00

0.00

0.00

0.00-1.00

0.00-1.00

0.00-1.00

LH level <6
(n=73)

LH level >6
(n=46)

Total
(n=119)

KS test D

0.186
(p=0.000*)

0.125 (p=0.071
NS)

0.111
(p=0.001*)

Minimum

1290.00

1188.00

1188.00

Maximum

3879.00

2990.00

3879.00

Mean

2288.68

2229.54

2265.82

± SD

424.594

277.268

374.374

Median

2190.00

2235.00

2198.00

Inter-quartile
range

2098.502490.50

2100.752407.50

2100.002456.00

Estradiol level

Parity

Mann-Whitney
U test

KS test D

KS: Kolmogorov-Smirnov test of normality

0.00

Inter-quartile
range

Total
(n=119)

Mann-Whitney
U test

Minimum

MannWhitney
U test

LH level >6
(n=46)

Maximum

Gravidity

Inter-quartile
range

LH level <6
(n=73)
Doses of
gonadotrophins

Age (years)

Inter-quartile
range

Z=0.060
p=0.952 NS

Z=0.584
p=0.559 NS

Mann-Whitney
U test

Z=0.041
p=0.967 NS

KS: Kolmogorov-Smirnov test of normality

KS: Kolmogorov-Smirnov test of normality
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DISCUSSION

Table 5: Endometrial thickness
LH level <6
(n=73)

LH level >6
(n=46)

Total
(n=119)

KS test D

0.235
(p=0.000*)

0.313
(p=0.000*)

0.264
(p=0.000*)

Minimum

8.00

8.00

8.00

Maximum

11.00

11.00

11.00

Mean

9.30

9.23

9.27

± SD

0.892

0.672

0.812

Median

9.00

9.00

9.00

9.00-10.00

9.00-10.00

9.00-10.00

A great deal of discussion has been dedicated to
the gonadotrophin need of the developing follicles. As
described in the classic “two-cells-two-gonadotrophin”
theory, LH is needed to provide the granulosa cells
with androgen precursors for estradiol biosynthesis.
FSH alone can induce follicle growth, but without LH,
estradiol levels remain low and pregnancy will not occur.
There is no debate about the need for both hormones in
women with hypogonadotropic hypogonadism, but there
is significant disagreement about the need for LH in
“endocrinologically normal” women.

Endometrial
thickness

Inter-quartile
range
Mann-Whitney
U test

Polycystic ovary syndrome (PCOS), a relatively
common reproductive endocrine disorder often associated
with high endogenous LH secretion, menstrual cycle
disorders, infertility and high rates of spontaneous
abortion, was considered the paradigm condition that
proved the potential untoward actions of LH. LHstimulated theca cell androgen secretion may be involved
in the promotion of atresia of non-dominant follicles in the
normal menstrual cycle.

Z=0.297
p=0.767 NS

KS: Kolmogorov-Smirnov test of normality

Table 6: Pregnancy
LH level <6
(n=73)

LH level >6
(n=46)

Test of
significance)

-No

58 (79.5%)

43 (93.5%)

X2=4.324

-Yes

15 (20.5%)

3 (6.5%)

p=0.038*

Pregnancy

This retrospective study revealed that the varying LH
levels did not have an impact on the duration of ovarian
stimulation or serum estradiol levels which reflect the
approximate number of mature follicles, but we found
that it affected conception. In a study by Bosch et al7
the author did not find any difference in the number
of dominant follicles in groups having premature
luteinization and the other group with no premature
luteinization in patients undergoing IVF and in their
study LH values in both the groups were comparable.
In a study by Merviel et al.on patients undergoing IVF8
follicles >15mm were more in the group with LH <0.5
IU/L, also oocyte retrieval rate and the better embryos
were seen in this group, however they also did not find
any difference in the implantation and pregnancy rate,
contrary to our study where we found a significant
difference between different groups of LH as regards
conception.

X2 : Pearson Chi-Square

Table 7: ROC curve
Variable

LH

Classification variable

Pregnancy
Pregnancy

Sample size

119

Positive group:

Pregnancy = 1

18

Negative group:

Pregnancy = 0

101

Disease prevalence (%)

15.1

Area under the ROC curve (AUC)
Area under the ROC curve (AUC)
Standard Error

a

95% Confidence intervalb
z statistic
Significance level P (Area=0.5)

0.764

In a similar study by Bosch et al9 found there was no
difference in the number of oocytes retrieved, fertilization
rate, number of embryos transferred, implantation rate
and pregnancy rate in various LH groups, but they had
commented on the number of mature follicles.

0.0590
0.677 to 0.837
4.476
<0.0001

Nicole et al10 in their study state that a transient
elevation of LH in a patient undergoing IVF with a
GnRH antagonist protocol does not impair clinical
pregnancy rate per ET and therefore, should not be a
reason to cancel a cycle.

DeLong et al., 1988
b

Binomial exact

Youden index
Youden index J
Associated criterion

0.5006
≤3.9

Sensitivity

77.78

Specificity

72.28

Although LH receptors have not yet been identified
in oocytes, excessive LH may disrupt granulosa cell
communication in the cumulus-oophorus, which is
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