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Manifestations Are More Frequent With Hyperandrogenemia
in Women With Polycystic Ovary Syndrome
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Abstract

Background: Altered luteinizing hormone to follicle-stimulating
hormone (LH-FSH) ratio and hyperandrogenism are two important
pathophysiological characteristics of polycystic ovary syndrome
(PCOS). The aim of this study was to evaluate the relationship of LH-
FSH ratio with androgen in women with PCOS.

Methods: This cross-sectional study included 550 newly detected
reproductive aged women with PCOS (mean + standard deviation
(SD): age 23.14 + 4.80 years; body mass index (BMI) 27.64 + 5.34
kg/m?) according to revised Rotterdam criteria. Relevant clinical his-
tory, physical examination and ultrasonogram of ovaries were done
for each participant. Fasting serum LH, FSH and total testosterone
(TT) were measured by chemiluminescent microparticle immunoas-
say from blood collected during follicular phase of menstrual cycle.

Results: More than two-thirds (n = 389, about 71%) had altered LH-
FSH ratio (cut-off > 1.0) and about 43% (n = 234) had hyperandro-
genemia (TT > 46 ng/dL). Frequency of none of the clinical variables
or ovarian morphology differed statistically between the groups with
or without altered LH-FSH ratio (NS for all). Serum TT and LH-FSH
ratio were positively correlated (r=0.139, P=0.001). However, men-
strual irregularity (P = 0.002), polycystic ovaries (P = 0.045), diabetes
mellitus (P = 0.017), obesity (P = 0.009) and hirsutism (P < 0.001)
were higher in frequency in the hyperandrogenic group. Serum TT
had predictive association with altered LH-FSH ratio (odds ratio
(OR) (95% confidence interval (CI)): 1.09 (1.02 - 1.16), P=10.02) and
LH-FSH had predictive association with hyperandrogenemia (OR
(95% CI): 1.15 (1.03 - 1.28), P = 0.02) in women with PCOS.
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Conclusions: Serum LH-FSH ratio and androgenemia significantly
correlate in women with PCOS. However, manifestations are more
frequent with hyperandrogenemia rather than altered LH-FSH ratio.
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Introduction

Polycystic ovary syndrome (PCOS) is one of the growing en-
docrine healthcare burdens of reproductive women through-
out the world. The usual worldwide prevalence is 8-13% with
highest prevalence reported from Indian Asian women (52%)
[1, 2]. As a heterogeneous condition with several phenotypes,
a criterion for diagnosing PCOS is difficult to be set. Currently
it is diagnosed mostly on the basis of revised Rotterdam cri-
teria (two out of three: ovulatory dysfunction, hyperandrogen-
ism/hyperandrogenemia and polycystic ovarian morphology
(PCOM) on ultrasonography) that were also recommended re-
cently by an international evidence-based guideline of PCOS
[1, 3]. The pathophysiology of PCOS is still unresolved. Re-
cent studies suggest that the brain is an important regulator
as well as an affected organ in PCOS (the brain phenotype).
The brain containing several receptors (androgen, estrogen
and progesterone) and neurons (gonadotropin-releasing hor-
mone, gamma amino-butyric acid (GABA) and kisspeptin-
neurokinin-dynorphin) with their neurotransmitters (serotonin,
GABA and glutamate) produces an increased pulse frequency
of gonadotropin. As a result, an elevated luteinizing hormone
(LH) secretion compared to follicle-stimulating hormone
(FSH) is observed among patients with PCOS [4]. This altered
LH-FSH ratio is responsible for increased ovarian androgen
production. On the other hand, hyperandrogenemia reduces
the negative feedback of estrogen to hypothalamus leading to
increased pulse frequency of LH. So, a vicious cycle is pro-
duced that is responsible for several clinical manifestations of
PCOS including hyperandrogenism [5]. This study was done
to see the relationship of LH-FSH ratio with clinical and bio-
chemical androgen status in Bangladeshi women with PCOS.
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Materials and Methods

This was a cross-sectional observational study. A total of 550
patients were recruited consecutively by purposive sampling
from the Department of Endocrinology, BSMMU during the
period of January 2018 to August 2019. The study protocol
was approved by the institutional review board of BSMMU
(No. BSMMU/2017/292). This study was conducted in com-
pliance with the ethical standards of the responsible institution
on human subjects as well as with the Helsinki Declaration.

Females of reproductive age were included by revised
Rotterdam criteria after excluding several similar endocrine
disorders (hypothyroidism, hyperprolactinemia, non-classical
congenital adrenal hyperplasia, primary amenorrhea, etc.) by
clinical examination and biochemical investigations as re-
quired. Data were collected in a pretested semi-structured data
collection sheet. Personal and family histories related to PCOS
were taken. Physical examination included height, weight,
waist circumference (WC), blood pressure and hirsutism meas-
ured by modified Ferriman-Gallwey (mF-G) score. Body mass
index (BMI) was considered as measure of obesity and obe-
sity was defined by BMI > 25 kg/m? [6]. The cut-off values to
define central obesity, hypertension and significant hirsutism
were 80 cm, 140/90 mm Hg and mF-G score 8, respectively [6-
8]. Ultrasonography (Toshiba Aplio 500 imaging machine) for
ovarian volume and specific sized follicle number was done
during follicular phase by trans-abdominal or trans-vaginal ap-
proach as per marital status of the participants.

Sampling and analytic methods

Women were asked to come during the menstrual period of
days 2 - 5 after a spontaneous menstruation or on a convenient
day in case of amenorrhea. About 10 mL venous blood was
collected during fasting state in between § a.m. to 9 a.m. Plas-
ma was separated by centrifugation and stored at -20 °C until
assay. Serum LH, FSH and total testosterone (TT) were meas-
ured by chemiluminescent microparticle immunoassay with
Seimens ADVIA Centaur XP (USA). LH-FSH ratio > 1.0 was
considered as altered and serum TT > 46 ng/dL was considered
as hyperandrogenemia [9, 10].

Statistical analysis

Data were analyzed by SPSS version 22.0. Quantitative data
were expressed as mean + standard deviation (SD) or median
(interquartile range (IQR)) depending on their distribution and
qualitative data were expressed with frequency (%). In this
study, all the data were normally distributed except LH-FSH
ratio which was positively skewed. To see the association be-
tween groups of LH-FSH ratio status and androgen status, in-
dependent samples ¢-test or Mann-Whitney U test and one-way
analysis of variance (ANOVA) or Kruskal-Wallis test were
done for quantitative values as appropriate and Chi-square test
was done for qualitative variables. Spearman’s correlation test
was done to see the correlation between LH-FSH ratio with se-
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rum TT. Binary logistic regression analysis was done to see the
association of altered LH-FSH ratio and hyperandrogenemia
with clinical and biochemical variables. Receiver-operating
characteristic (ROC) curve was analyzed to see whether serum
LH-FSH ratio could discriminate between the two androgen
statuses.

Results

This cross-sectional study included 550 reproductive aged fe-
males (age range: 13 - 39 years, mean + SD, 23.14 £+ 4.80 years;
BMI: mean + SD, 27.64 + 5.34 kg/m?; significant hirsutism:
82.36%) of PCOS. More than two-thirds (70.73%) of them had
altered LH-FSH ratio with a cut-off > 1.0. However, there were
no significant differences of the frequencies of any clinical or
laboratory variables between the two groups of LH-FSH ratio
(NS for all). In contrast, several personal (menstrual abnormal-
ity: 88.5% vs. 78.2%, P = 0.002) and family histories (PCOS:
24.4% vs. 17.4%, P = 0.045; diabetes mellitus (DM): 67.5% vs.
57.3%, P = 0.017; obesity: 62.0% vs. 50.6%, P = 0.009) and
significant hirsutism (91.5% vs. 75.6%, P <0.001) were present
with significantly higher frequency in women with hyperandro-
genemia defined as serum TT >46 ng/dL (Table 1).

Patients with altered LH-FSH were younger (22.77 + 4.77
vs. 24.01 £4.79 years; P=0.006) and had significantly higher se-
rum TT (51.47 +29.92 vs. 44.56 +29.07 ng/dL, P=0.013) than
those with normal LH-FSH. None of the other variables (age,
BMI, WC, systolic blood pressure (SBP) and diastolic blood
pressure (DBP)) showed any statistically significant difference
between the two groups of LH-FSH ratio (NS for all). On the
other hand, the mean value of SBP (112.72 &+ 13.16 vs. 110.37
+ 13.21 mm Hg, P = 0.039) and DBP (76.50 + 8.90 vs. 74.23
+ 9.68 mm Hg, P = 0.005) were significantly higher in PCOS
women with hyperandrogenemia. But other variables (age, BMI
and WC) including LH-FSH ratio were not statistically different
between the two androgen statuses (NS for all) (Table 2).

In Figure 1, serum TT (mean + SD, ng/dL) of patients with
PCOS is shown among different altered LH-FSH ratios and
compared with normal LH-FSH ratio defined by < 1.0. The
mean values of serum TT (ng/dL) were significantly higher in
all altered LH-FSH ratio groups (< 1.0 (44.56 +29.07) vs. > 1.0
(51.47£29.92, P=0.013) vs. > 1.5 (53.02 £ 29.91, P = 0.004)
vs. > 2.0 (55.89 £ 30.21, P=0.010) vs. > 2.5 (53.03 £ 30.12, P
=0.020) vs. > 3.0 (54.92 + 30.41, P = 0.013) vs. > 3.5 (57.69
+31.12, P=0.005)). An increasing trend of serum testosterone
value with higher cut-offs of LH-FSH status was also observed.

The mean value of serum TT became higher progressively
from first to fourth quartile. In post hoc analysis, the serum TTs
(ng/dL) of third (third vs. first: 52.45 +29.87 vs. 44.18 + 28.76;
P = 0.022) and fourth (fourth vs. first: 53.0 £ 30.24 vs. 44.18
+ 28.76; P = 0.015) quartiles were significantly higher than
the first quartile (Fig. 2). Similarly, the median value of LH-
FSH ratio was higher in the second to fourth quartiles (median
(IQR): Q, (1.25 (0.72 - 1.99)) vs. Q, (1.50 (1.04 - 2.40), P =
0.033) vs. Q4 (1.80 (0.88 - 2.48), P = 0.009) vs. Q, (1.66 (1.00
-2.36), P=10.031)) than the first quartile of serum TT (Fig. 3).

As shown in Figure 4, the correlation between LH-FSH
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Various cutoffs of LH-FSH ratio

Independent samples-T test was done

Figure 1. Serum total testosterone (mean + SD) in altered LH-FSH ratio with different cut-offs. SD: standard deviation; LH: lutein-

izing hormone; FSH: follicle-stimulating hormone.
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Quartiles of LH-FSH ratio

One way ANOV A with post hoc LSD test was done

Figure 2. Serum total testosterone level (mean + SD) according to the quartiles of LH-FSH ratio. SD: standard deviation; LH:

luteinizing hormone; FSH: follicle-stimulating hormone.

Articles © The authors | Journal compilation © ] Endocrinol Metab and Elmer Press Inc™

www.jofem.org

17



LH-FSH Ratio and Androgen in Women With PCOS J Endocrinol Metab. 2021;1 1 (1):14-21

15.00- Kruskal Wallis One way ANOVA test Pairwise comparison
J 1<Q2: p=0.033
Qlvs. Q2 vs. Q3 vs. Q4 Q
p=0.005 ¥ Ql < Q3: p=0.009
1 * QL < Q4: p=0.031
| Q2=0Q3=0Q4

1.25 (0.72,1.99) 1.50 (1.04, 2.40) 1.80 (0.88, 2.48) 1.66 (1.00, 2.36)

LH-FSH ratio, median (interquartile range)
oo

.00

1 I I |
Q1: <26.58 ng/dl Q2:26.58 - 41.77 Q3: 41.77 - 68.63 Q4: = 68.63 ng/dl
=137 ng/dl (n= 138) ng/dl (n= 138) (n=137)

Total testosterone quartiles

Kruskal Wallis one way ANOVA test with pair wise comparison was done

Figure 3. Serum LH-FSH ratio according to quartiles of serum total testosterone. LH: luteinizing hormone; FSH: follicle-stimu-
lating hormone.
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Serum LH-FSH ratio

Spearman’s correlation test was done

Figure 4. Correlation of serum total testosterone with LH-FSH ratio. LH: luteinizing hormone; FSH: follicle-stimulating hormone.
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Table 3. Multivariable Logistic Regression Analysis for Altered LH-FSH Ratio (Cut-Off > 1.0) and Hyperandrogenemia (Cut-Off > 46

ng/dL) in the Study Population

Altered LH-FSH ratio Hyperandrogenemia
Covariates P
B OR (95% CI) B OR (95% CI)

Age, years -0.053 0.948 (0.911 - 0.986) 0.008 0.002 1.002 (0.965 - 1.040) 0.921
Body mass index, kg/m? -0.013 0.987 (0.924 - 1.054) 0.696 -0.038 0.962 (0.905 - 1.023) 0.218
Waist circumference, cm 0.007 1.007 (0.976 - 1.038) 0.671 0.011 1.011 (0.983 - 1.041) 0.434
Systolic blood pressure, mm Hg -0.004 0.996 (0.977 -1.015) 0.682 0.003 1.003 (0.985 - 1.021) 0.774
Diastolic blood pressure, mm Hg 0.002 1.002 (0.975 - 1.030) 0.883 0.027 1.028 (1.002 - 1.054) 0.036
Serum total testosterone, ng/dL 0.082 1.086 (1.016 - 1.160) 0.016 - - -
Serum LH-FSH ratio - - - 0.137 1.147 (1.025 - 1.284) 0.017

Binary logistic regression analysis was done. OR: odds ratio; Cl: confidence interval; LH: luteinizing hormone; FSH: follicle-stimulating hormone.

ratio and serum TT was positive and statistically significant
(r=0.139, P = 0.001). Logistic regression revealed that age
(odds ratio (OR) (95% confidence interval (CI)): 0.948 (0.911
-0.986), P=0.008) and serum TT (OR (95% CI): 1.086 (1.016
- 1.160), P=10.016) had significant predictive associations with
altered LH-FSH ratio in PCOS. On the other hand, DBP (OR
(95% CI): 1.028 (1.002 - 1.054), P =0.036) and LH-FSH ratio
(OR (95% CI): 1.147 (1.025 - 1.284), P = 0.017) were associ-
ated predictors for high androgen status in women with PCOS
(Table 3). ROC curve analysis showed that LH-FSH ratio
could not discriminate hyperandrogenemia from normoandro-
genemia (area under the curve = 0.54, P = 0.118) in women
with PCOS (not shown).

Discussion

This study was done encompassing 550 women with PCOS
and showed that about 71% had an altered LH-FSH ratio with
the cut-off > 1.0 and 42.55% had hyperandrogenemia with a
cut-off TT > 46 ng/dL. Altered LH-FSH was negatively as-
sociated with the age of the PCOS patients, and was positively
associated with serum TT level. Hyperandrogenemia was posi-
tively associated with both DBP and serum LH-FSH ratio. A
significant correlation between LH-FSH ratio and serum TT
level was observed. However, it was not possible to distin-
guish between hyperandrogenemia and normoandrogenemia
by using the LH-FSH ratio.

Altered LH-FSH ratio due to increased gonadotrophin-
releasing hormone (GnRH) pulse frequency is a characteristic
feature of PCOS. Normally the ratio is 1:1. In PCOS, the LH
value exceeds FSH causing excess ovarian androgen produc-
tion and ovulatory dysfunction. Various cut-offs of LH-FSH
ratio were proposed. However the cut-off > 1.0 was found to be
the best in diagnosing PCOS considering both sensitivity and
specificity [8, 9]. However, its utility was not found by all and
also was not included in the diagnostic criteria of PCOS [11].

We found altered LH-FSH ratio in around 71% of our
study participants which was similar to a study finding [8]. The
frequency actually depends on the cut-off used to define the
altered status. A previous study from Bangladesh found 58.2%
of 55 PCOS patients with altered LH-FSH ratio (cut-off > 1.0)
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[12]. The mean age of PCOS patients of our study was lower
than that previous study. As serum FSH increases with age and
LH remains stable, so the ratio may decrease with age [13, 14].
We also found similar association with age. The frequency of
altered LH-FSH ratio reduced to 32.73% with the cutoff of >
2.0. This frequency was lower than other studies [15, 16]. As
PCOS patients from south Asian background have higher fre-
quency of obesity, they have lower LH-FSH ratio [17]. How-
ever, we did not find any association of LH-FSH ratio with
BMI which was similar to a study finding [18]. A meta-anal-
ysis found significant association of metabolic features with
hyperandrogenism in PCOS [19]. In our study, the metabolic
manifestations were more frequent with hyperandrogenemia
rather than altered LH-FSH ratio. Similarly, another study did
not find any correlation between different biochemical param-
eters related to insulin resistance with altered LH-FSH ratio
[16, 20].

Around 82.36% of women with PCOS had significant
manifestation of hirsutism, but 43% had hyperandrogenemia
and significantly higher frequency of hirsutism was observed
with hyperandrogenemia group. The discrepancy between the
clinical and biochemical frequency of androgen status may be
due to the local conversion of testosterone to dihydroxytes-
tosterone by Sa-reductase. South Asian women with PCOS
have more hirsutism despite a similar serum testosterone level
than other races [21]. A study conducted in an Endocrine clinic
among Sri Lankan women with PCOS found around 75% pa-
tients with hirsutism and 34% with hyperandrogenemia with a
cut-off of TT of 3 nmol/L (about 86.5 ng/dL) [22]. We found an
association between DBP with hyperandrogenemia even after
adjustment of age and BMI. A study conducted on Taiwanese
women with PCOS also found an association of hyperandro-
genemia with hypertension [23]. Higher blood pressure as a
component of metabolic syndrome is common in PCOS and
is associated with increased risk of atherosclerotic cardiovas-
cular disease [24]. Increased vascular stiffness and endothelial
dysfunction are responsible for elevated blood pressure which
might be associated with hyperandrogenemia irrespective of
insulin resistance [25, 26]. We did not study the insulin resist-
ance here.

We found that serum TT was associated with altered LH-
FSH ratio in PCOS. Compared with normal LH-FSH, serum
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TT progressively increased in altered LH-FSH ratio with high-
er cut-offs. Two studies from India also found similar findings
[27, 28]. These findings also indicate that LH-FSH ratio just
> 1.0 is enough to produce significant testosterone from the
ovaries causing hyperandrogenemia. However, altered LH-
FSH ratio holding cut-off at 1.0 was not associated with andro-
gen status in women with PCOS as revealed by the findings of
statistically insignificant difference of frequency of hyperan-
drogenism between altered and normal LH-FSH ratio groups.
Therefore, the cut-off used for LH-FSH ratio that would better
discriminate hyperandrogenic status may need to be reconsid-
ered in future.

This study included a relatively large sample size. It dem-
onstrated a significant correlation of LH-FSH ratio with TT of
PCOS patients from South Asian background where metabolic
features are predominant. However, we have no population-
specific data of reference range of serum TT. Besides, we did
not measure serum sex hormone binding globulin to calculate
free testosterone index or free testosterone which might have
correlated better with androgen status that could not be as-
sessed in this study [1].

Conclusions

LH-FSH ratio was significantly correlated with biochemical
androgen status in women with PCOS from Bangladesh. This
study finding will hopefully help to understand the pathogen-
esis and management of hyperandrogenism in PCOS from
South Asian background more efficiently.
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