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ABSTRACT

Objective: This study was designed to evaluate the menstrual cycle patterns including cycle-specific characteristics
and explore their relationship with thyroid hormones by measuring the levels of urine hormones in premenopausal
women.

Study Design: Prospective Cohort Study

Place and Duration of Study: This study was conducted at the District Head Quarter Hospital Swabi from August
2021 to August 2022.

Materials and Methods: This prospective cohort study was conducted to evaluate the menstrual patterns and
thyroid association among reproductive women. Data was collected by a pre-designed questionnaire and clinical
diagnosis of thyroid performed by physicians. Menses were defined as two consecutive days of bleeding proceeding
by three consecutive days of spoting. For monitoring, menstrual cycle patients were asked to submit their first urine
void sample and kept their daily menstrual diaries for at least three menstrual cycles. We used univariate analysis
for the distribution of each hormone. The log method was used to transform the TSH into a normal distribution. A
linear mixed random effect model was used for those results reporting single outcomes.

Results: This study recruited 140 women with irregular menstrual patterns. Out of 140, a total of 52 cases of
oligomenorrhea, 12 cases of neuropathic, 43 cases of polymenorrhagia, and 33 cases of menorrhagia were detected.
These women reported a total of 423 cycles. We recruited cases between the age range of 18 to 45 years. A high
association was observed between total T4 and Pd3G and E13G throughout the follicular and luteal phases. At
various timeframes, we observed a high association of total and free T3 with high E13G concentrations. These T3
levels were also associated with Pd3G.

Conclusion: We observed that thyroid hormone levels were associated with several menstrual cycles. Across the
menstrual cycle, a positive correlation between T4 and T3 indicates the effect of hormones on the female
reproductive system.
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INTRODUCTION The Gonadotropins network and sex steroid hormones

constitute the hypothalamic-pituitary-gonadal system.
Menstrual cycle function plays an important role in This system controls thyroid functions.® However, the
reproductive health and fertility. The menstrual cycle is  association between thyroid functioning and female
defined by the complex endocrine axis which is  reproductive physiology is still debatable. The incidents
responsible for controlling ovaries and endometrium  of thyroid disorders are more prevalent in females than
and represents the underlying hormonal milieu of the  males. Thyroid disorders fluctuate the estrogen levels
reproductive system of women. Therefore, the mestrual affect the menstrual patterns leading to menopause.*
cycle is a major indicator of reproductive health and Incidents of menstrual disturbances are more highly
provides a pathway for epidemiologic research.’? reported in women suffering from hypothyroid and

hyperthyroid than in euthyroid women.5 Previous
studies observed oligomenorrhea and menorrhagia in
patients of hypothyroid whereas hypomenorrhea is
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Therefore, the results of these studies are not strong
enough to clarify the relationship between menstrual
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patterns and thyroid functions. To fill this gap this study
was designed to evaluate the menstrual cycle patterns
including cycle-specific characteristics and explore
their relationship with thyroid hormones by measuring
the levels of urine hormones in premenopausal women.

MATERIALS AND METHODS

This prospective cohort study was conducted to
evaluate the menstrual patterns and thyroid association
among reproductive  women in  Gynaecology
Department of DHQ sawabi hospital from August 2021
to August 2022. For this study, all the premenopausal
women were eligible however, lactating or pregnant
women were excluded. All the participants who were
currently on thyroid medication were also excluded.
Data was collected by a pre-designed questionnaire and
clinical diagnosis of thyroid performed by physicians.
This pre-designed questionnaire entailed information on
thyroid medication used by participants and the
menstrual cycle. Menses were defined as two
consecutive days of bleeding proceeding by three
consecutive days of spoting. For monitoring, menstrual
cycle patients were asked to submit their first urine void
sample and kept their daily menstrual diaries for at least
three menstrual cycles.!* Three menstrual cycles were
defined as weeks for oligomenorrhea while diaries
enlisted information about cramps, bleeding, stress,
medication, and exercise habits. Urine samples were
used to measure the estrogen and progesterone
metabolites, estrone 3-glucuronide (E13G), and
pregnanediol 3-glucuronide (Pd3G) within 17 days of
the ovulation window. For measuring these parameters
we used double-antibody time-resolved
fluoroimmunoassays. At the research laboratory of our
institution we analyzed the thyroid-stimulating
hormone (TSH), total and free thyroxine (T4), and total
and free triiodothyronine (T3) by wusing an
immunoassay analyzer. For this purpose, the blind
control method was used to strengthen the results. The
self-reported bleeding intensity was measured by using
a scale ranging from 0 to 4 grades throughout menses.
We used the definition of Baird et al'?> for hormonal
outcomes.

Statistical Analysis: All the data from the
questionnaire and laboratory tests were transferred to
the excel sheets for performing statistical analysis. We
used univariate analysis for the distribution of each
hormone. The log method was used to transform the
TSH into a normal distribution. A linear mixed random

Table No.1: Characteristics of premenopausal women

effect model was used for those results reporting single
outcomes. This linear effect model helps us in
measuring individual correlations among multiple
menstrual cycles per woman. We adjusted age and
thyroid hormones as fixed effects for measuring the
association between each thyroid and menstrual cycle
outcomes. Coefficient Beta analysis was used for
comparing the 3-day GM outcomes while the medium
was treated as a reference because a previous study
mentioned that both hypothyroid and hyperthyroid
patients suffer from menstrual cycle disruption. An
association between thyroid hormones and E13G and
Pd3G was observed by fitting the linear mixed model.
All these tests were performed by using the statistical
package for Social Science (SPSS) version 23.0.

RESULTS

This study recruited 140 women with irregular
menstrual patterns. Out of 140, a total of 52 cases of
oligomenorrhea, 12 cases of neuropathic, 43 cases of
polymenorrhagia and 33 cases of menorrhagia were
detected. These women reported a total of 423 cycles.
We recruited cases between the age range of 18 to 45
years. Women with experience of 1-2 (45%)
pregnancies had high irregular menstrual patterns than
others. We observed that 55.7% were obese, 63.5%
never do any kind of exercise and 44.2% had moderate
levels of stress. Detailed findings were presented in
Table 1. In table 2, we presented different mean levels
of total triiodothyronine, thyroxine, and Thyroid-
stimulating hormone concerning the menstrual cycle,
bleeding length, bleeding intensity, follicular phase
length, and luteal phase. We observed that bleed length
decreased with age obese women had longer cycles
than others. We observed high FSH in women aged 41—
54. No association of thyroid hormones was found with
cycle length. However, we observed a significant
association of free T4 levels with decreased cycle
length. This association was observed due to variations
in follicular phase length. No association of thyroid
hormones was found between bleeding intensity while
body mass index was independently associated
(Table 2). Correlation Beta analysis was performed in
table 3. A high association was observed between total
T4 and Pd3G and E13G throughout the follicular and
luteal phases. At various timeframes, we observed a
high association of total and free T3 with high E13G
concentrations. These T3 levels were also associated
with Pd3G.

| Total number of participants | Mean TSH (uIU/ml) | Mean Total T4 (ug/dl)
Age
41-45 19 (13.5%) 156 9.7
36-40 40 (28.5%) 168 9.2
31-35 33 (23.5%) 16 9.33
26-30 28 (20%) 131 9.71
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18-25 | 20 (14.2%) | 1.41 | 8.26
Parity
0 prior pregnancies 56 (40%) 1.29 8.6
1-2 prior pregnancies 64 (45.7%) 1.65 9.1
3 or more prior 20 (14.2%) 1.54 9.2
pregnancies
Body Mass Index
Normal 24 (17.1%) 1.59 8.8
Overweight 39 (27.8%) 141 9
Obese 78 (55.7%) 1.29 9.4
Weekly excercise
0 times 89 (63.5%) 1.33 9.3
1-3 times 31 (22.1%) 1.59 8.78
> 3 times 20 (14.2%) 1.48 8.9
Stress
Low 29 (20.7%) 1.52 8.9
Moderate 62 (44.2%) 1.41 8.35
High 49 (35%) 1.41 9.86
Table No.2: Clinical presentation of Thyroid hormones
Mean Cycle Mean bleeding | Mean bleeding Mean follicular Mean luteal
length length intensity phase length phase length
Total tri-iodothyronine
High 30.5 5.6 2.2 16.4 12.6
Medium 31 5.6 2.2 18.1 12.9
Low 29.1 5.7 2.3 17 13.4
Total thyroxine
High 30 5.6 2.2 16.3 12.7
Medium 30.9 5.7 2.3 18.1 13
Low 30 5.6 2.2 16.3 13.1
Free triiodothyronine
High 30.7 5.9 2.3 17.7 12.6
Medium 304 5.6 2.2 17.2 13.1
Low 29.6 5.4 2.2 16.6 13.2
Free thyroxine
High 32.1 5.7 2.2 19 13
Medium 311 5.7 2.2 17.9 13
Low 28.2 5.5 2.3 15.4 12.9
Thyroid-stimulating hormone
High 29.7 5.6 2.1 16.7 12.9
Medium 30.5 5.6 2.2 175 13
Low 304 5.7 2.3 175 12.9
Table No.3: Coefficient beta analysis
FSH (mlU/mg FSH Pd3G Pd3G (ng/mg | E13G (ng/mg | E13G (ng/mg
Cr) in early (mlU/mg Cr) | (ug/mg Cr) Cr) in mid Cr)in follicular | Cr) in luteal
follicular in late luteal | luteal phase | luteal phase phase phase
Total triiodothyronine
High -0.1(-3.8, 3.6) -0.6 1.0 1.2(-1.0,3.4) | 9.2(-15,19.8) | 6.6
(-3.9,2.8) (-1.6,3.5) (-1.3,14.5)
Medium | 7.5(5.0, 10.0) 4.3(2.1,6.5) 9.8 8.4 (6.9,9.8) 35.5 28.7
(8.1,11.5) (29.6,41.5) (234, 34.0
Low 1.9 (-1.1,4.8) 1.6 (-1.1,4.2) -0.8 -1.0 -2.9(-10.5,4.7) | -4.0
(-3.1,1.5) (-2.8,0.7) (-11.1,3.2)
Total thyroxine
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High 1.0(-1.4,33) [ 07(13,2.7) 2.2 22(1.0,34) | 74(23,124) [3.2(-2.0,84)
(0.7, 3.8)
Medium | 8.1(6.0,10.2) | 4.8 (2.9, 6.6) 95 7.9 (6.7,9.0) 34.3 28.5
(8.1, 10.9) (29.4,39.2) | (23.9,33.2)
Low -0.8(-35, 1.8) 09(-33, | -14(32 | -09(-23, | -06(6.855) |-09
1.4) 0.4) 0.6) (-7.1,5.2)
Thyroid-stimulating hormone
High -0.7(-3.1,17) -0.4 0.7 0.6 (-0.8,2.0) | -3.5(-9.0,2.0) | -0.3
(-2.6,1.7) (-1.0, 2.4) (-5.5,5.0)
Medium | 8.4 (6.4,10.3) | 49(3.1,6.6) | 9.6(82 | 8.2(7.1,9.4) 38.0 30.1
11.0) (32.7,43.3) | (25.7, 34.4)
Low 02(-1.3,1.7) | 00(-1.4,1.3) | -0.2(-1.3, -0.2 1.0 (-5.0,7.0) | -0.9
0.8) (-1.1,0.7) (-4.1,2.4)
DISCUSSION hyperthyroid women during their menstrual cycle.'67

In this prospective cohort, thyroid hormones were
examined to evaluate their effect on menstrual patterns.
In this study, we found a positive association of high T4
with elevated levels of Pd3G and E13G throughout the
menstrual cycle while low T4 levels were correlated
with Pd3G, especially at the follicular phase.
Meanwhile, several times during the menstrual cycle,
we observed a positive correlation of total and free T3
with Pd3G and E13G levels. We observed that T4 was
associated with the length of the menstrual cycle and
similar findings were observed while adjusting the
covariates. In the current study associations between
cofounders and hyperthyroidism were observed in 3-
day hormonal outcomes. Evaluation and interpretation
of thyroid hormones and their association with
menstrual cycle function are hard. However, many
clinical studies observed menstrual disruption in
women suffering from thyroid disorders. One of the
studies observed elevated estrogen levels during
pregnancy which leads to boosting total T4 due to
thyroxine-binding globulin (TBG).%3

In the current study, serum samples were collected
before monitoring the menstrual cycle. These serum
samples were used to measure the thyroid hormones so
there is a great possibility that enhanced levels of pre-
existing TBG increased the T4 concentration and
resulted in a positive correlation of E13G and Pd3G.
Therefore, we failed to produce meaningful results to
explain the relationship. Comparing our results with
International literature one previous study revealed high
free T4 in the progesterone therapy group than in the
placebo group.* This study observed a positive
correlation between progesterone and thyroxine due to
similar metabolic pathways. Both of these hormones are
involved in maintaining basal temperature and energy
expenditure. Albumin is the main carrier of both these
hormones however, only 10% thyroxine was
transported by albumin.’® The positive correlation
between T4 and E13G was observed in our study.
These results are parallel to the previous studies which
observed increased plasma estrogen levels in

One of the hypothesis claim that elevated T4 hormones
also enhanced the sex hormones binding globulin.®
These sex hormones enhanced estrogen levels and
reduced clearance rates.t” In hyperthyroid women,
many studies reported increased amounts of androgen
production and estrogens. Our study revealed similar
results despite the variations in sample size as the study
design. Similar levels of thyroid hormone and urinary
estrogen metabolites were observed'® but our study
shows contradictory results when measuring plasma or
serum estradiol concentrations.

Previous studies also reported the influence of behavior
and environmental toxicants that affect thyroid
functions. A disturbance in thyroid functions also
menstrual cycles and the reproductive system.1%2
However, in this study, BMI was not strongly
associated with thyroid functions. In the current study,
89% of participants were exposed to persistent organic
pollutants (PBB). These results were detected in their
blood samples. These results indicate a direct and
causal relationship between thyroid hormones and
menstrual patterns when compared with other studies.
This prospective cohort study monitored many
menstrual cycles and has an edge over other self-
reported studies. Observations over multiple cycles
reduced the chances of misclassification and validate
the results. However, our study has many limitations
including a small sample size. In our study, we also
observed two perimenopause cases. One of the women
had a small menstrual cycle while one was amenorrhea
however both these cases showed hormonal evidence of
ovulation and eliminating both findings does not affect
our overall results. We did not measure serum
reproductive hormones. Our study was not able to
detect the independent association of thyroid hormones
due to low statistical power.

CONCLUSION

In conclusion, we observed that thyroid hormone levels
were associated with several menstrual cycles. Across
the menstrual cycle, a positive correlation between T4
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and T3 indicates the effect of hormones on the female
reproductive system.
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