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ABSTRACT

Background: Optimum thyroid hormones level is important for the well-being of the fetus and mother.
Thyroid hormones disorders have negative impact on female reproduction resulting in reduced fertility and
pregnancy morbidities. There is paucity of data on normal levels of circulating thyroid hormones in women of
reproductive age in Zaria, Nigeria. The aim of the study was to determine reference values of serum thyroid
hormones and thyroid stimulating hormones and the influence of reproductive status and body mass index
(BMI) on the reference values of thyroid hormones and thyroid-stimulating hormone in women of
reproductive age in Zaria. Methodology: This is a cross-sectional study conducted on 176 women, comprising
65 pregnant, 51 lactating and 60 non-lactating women living within Zaria metropolis. A single blood sample
was collected from each of the subjects for the purpose of this study (total blood samples = 176). Blood serum
was used to assay for thyroxine (T4), free triiodothyronine (fT3) and thyroid stimulating hormones (TSH)
using an ELISA kit. Results: Lactating women had significantly lower (P <0.01) serum fT3, T4 and TSH than
non-lactating and pregnant women. Serum fT3 and T4 were higher in second trimester than in first and third
trimesters (P < 0.05). Pregnant women had significantly lower (P < 0.01) BMI compared to lactating and non-
lactating women. There was a negative correlation between BMI and fT3 which was only significant (P <0.01)
in pregnant women. A significant (P < 0.01) positive correlation between BMI and TSH was obtained in
pregnant women, and a negative correlation (P < 0.05) in non-pregnant women was observed. Conclusion:
The present study, provided preliminary reference values of thyroid hormones (fT3, T4) and TSH; and
demonstrated that reproductive status and BMI significantly affect these values in women in Zaria, Nigeria
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INTRODUCTION

Thyroid disorders are more common in women
and may manifest before or during pregnancy,
post-delivery, or later in life.""” It is recommended
that the thyroid hormone activity of pregnant women
should be assessed regularly due to the extra demand
for thyroid hormones during this crucial period in the
life of the fetus and the pregnant mother.”” Female
reproduction depends on adequate levels of thyroid
hormones and thyroid disorders, exert negative
effects on the female reproduction.™” Overt
hypothyroidism and subclinical hyperthyroidism
caused by autoimmune thyroid diseases have been
linked to reduced fertility and increased pregnancy-
related morbidity such as premature delivery and/or
low birth weight, spontaneous abortion, fetal distress
in labor, placental abruption and gestation-induced
hypertension.”” Optimum function of the thyroid
gland is essential for normal fertility. Menstrual
disorders and infertility due to altered peripheral
estrogen metabolism, hyperprolactinemia and
abnormal pulsatile release of luteinizing hormone are
common in women with hypothyroidism.” Obstetric
complications in mothers ™ " " and impaired
neurodevelopment in early fetal brain "> "' are
associated with inadequate thyroid function. The first
12 to 14 weeks of gestation is a critical period for the
developing fetus as their thyroxine supply depends on
placental transfer of maternal hormones."" It has been
reported that maternal hypothyroidism affects the
intelligence quotient (IQ) of the unborn child."* "' Ina
general population, mild thyroid failure is estimated
to occur frequently in pregnant women with
compensated hypothyroidism antedating
pregnancy."*"”

Researchers have studied the interaction of thyroid
disorders with body mass index (BMI). Manji et al "
found no association between serum concentrations

of TSH and free thyroxine concentrations within the
normal range and BMI. In contrast, Knudsen ez al.""
reported that thyroid function could be one of several
factors that act in harmony to determine body
weight. However, Figueroa et al. ® found serum
TSH to be significantly associated with BMI, and
that higher and more variable TSH levels were
associated with obesity. Despite the importance of
thyroid hormones in female reproduction and fetal
developments, little or no information is available on
the pattern of serum profile of thyroid hormones in
Nigerian females during gestation and lactation
periods. The present study is aimed at determining
the serum concentrations of fT,, T, and TSH, in a
population of pregnant, lactating and non-lactating
women in Zaria, Northern Nigeria, and environs and
their correlations with BMI.

METHODOLOGY

Population Sampling

The study was a cross-sectional study conducted on
176 women, who were within the reproductive age
and gave their informed consent to participate in the
study. The study was approved by Ahmadu Bello
University Teaching Hospital Ethics Committee
(Approval No: MSc/Med/00228/11-12). The study
was conducted in Zaria and environs in Northern,
Nigeria. Zaria lies within latitude 11° 12'N, longitude
7° 33'E, and altitude of 610m above sea level;
average rainfall of 00 816 mm/month; ambient
temperature of 15.3 36.25°C and relative humidity of
20.26 15.65. It is predominantly populated by the
Hausa-Fulani speaking people of Nigeria.

A convenience sampling method was adopted for
this study with a sample population of 176 women of
reproductive age that comprised of 65 pregnant
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women attending antenatal care, 51 lactating women
attending postnatal care in various hospitals in Zaria;
and 60 non-pregnant (non-lactating) women that
served as the control group. Women with history of
thyroid disease, diabetes mellitus and hypertension
were excluded from this study. The women were
served questionnaires from which their biodata was
obtained. Body mass index (BMI) was determined
using the weight/mass and height of the subjects and
calculated as described by Eknoyan and Garabed
(2007): BMI = Mass (Kg)/Height (m)’. The BMI was
measured at different gestational ages because the
subjects booked for antenatal clinic at different
trimesters. The BMI of each subject was measured
alongside the recording biodata and blood sampling.

Hormonal Assay

About 2 ml of blood from the median cubital vein
were collected into plain sample bottles using a 2 ml
syringe between 8-10am. The serum was obtained
from the blood samples by centrifuging the blood at
3000 g for 15 minutes. The sera were stored in freezer
at a temperature of -20°C until assay. The fT,, T, and
TSH were determined using an ELISA kit
(Diagnostic Automation® /Cortez Diagnostics,
USA).

Determination of T4

This is a competitive immunoassay technique where a
fixed amount of labeled T4 competes with the
unlabeled T4 in the sample, standard, or quality
control serum for a fixed number of binding sites on
the specific T4 antibody. Two T4 Elisa kits of 96 wells
each were used for this assay with batch number,
3149- 16, specificity of 96.30% and sensitivity of
0.5png/dL and a total run time of 80 minutes.

Reagent Preparation
The T4-HRPO conjugate reagent was prepared by

adding 0.1ml of T4-HRPO conjugate concentrate to
2.0 ml of T4 conjugate diluent (1:20 dilution), and
mixed thoroughly at a temperature of 19-200C. 15 ml
volume of wash buffer (50x) was diluted with
distilled water to prepare 750 ml of washing buffer.

Assay Procedure

About 50 pl of standard, samples and controls were
dispensed into appropriate wells. A 100 pl of enzyme
conjugate reagent was dispensed also into each well.
The contents of the well were thoroughly mixed for
10s and then incubated at room temperature of 18-
220C for 60 mins. During the incubation period, the
conjugated T4 competes with T4 from the sample for
available binding sites on the antibody.

After the incubation period, the micro titer wells were
rinsed and flicked five times with a washing buffer
solution. The wells were sharply struck onto an
absorbent paper towels to remove all residual water
droplets. Both conjugated and unconjugated T4
bound to the antibody during the incubation will
remain on the solid phase. 100 ul of TMB solution
was dispensed into each well, which turned the pale-
yellow color of contents of the well into blue; the
mixture was then incubated at room temperature for
20mins.

A stop solution of about 100ul was added to each well
and gently mixed for 5s to stop the reaction. The wells
were read with a microplate reader at an optical
density of 450 nm. Standards of known T4
concentrations which were run concurrently with the
samples were used to plot a standard curve. The
unknown T4 concentrations in each sample were then
calculated from the curve **".

Determination of FT3

The MICRO-EIA free T3 test was used for the
determination of fT3. The principle of the assay is
based on the principle of a solid phase competitive
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enzyme immunoassay (EIA). Two free T3 Elisa kits
of 96 wells each with batch number, 3148-16,
specificity of 97%, sensitivity of 0.05pg/mL and total
run time of ~75 minutes was used for this assay.

Reagent Preparation

Wash buffer was made by diluting wash concentrate
with distilled water up to 1000ml. The working
substrate was prepared by adding the substrate A into
substrate B solution and mixed thoroughly.

Assay Procedure

About 50 pl of standard, samples and controls were
dispensed into appropriate wells. Then 100 ul of fT3-
enzyme reagent solution was added into each well
and the microplate was swirled gently for 20-30s to
mix and covered. The mixture was incubated at room
temperature for 60s.

The contents of the microplate were discarded by
decanting and the microplate was blotted dry with
absorbent paper. 300 pl of wash buffer was added to
each well and decanted; this procedure was repeated
two more times making a total of three washes. A
working substrate solution of 100 pl was added into
each well and incubated at room temperature for
15mins. After incubation, 50 ul of stop solution was
added to each well and gently mixed for 15-20.

The absorbance in each well was read using a micro
titer plate reader at a wavelength of 450nm and a
reference wavelength of 620nm was used to
minimize well imperfections. Standards of known
FT3 concentrations which were run concurrently
with the samples were used to plot a standard curve.
The unknown FT3 concentrations in each sample

4,
were calculated from the curve ****.

Determination of TSH
The TSH EIA test is based on the principle of a solid
phase enzyme-linked immunosorbent assay “**”. Two

TSH Elisa kits of 96 wells each with batch number
3122-16, sensitivity of 0.20 plU/mL and sensitivity
of 100% and a total run time of ~80mins was used for
this assay.

Reagent preparation
15 ml of wash buffer (50x) was diluted into distilled
water and 750 ml of wash solution was made.

Assay Procedure

About 50 pl of standard, samples and controls were
dispensed into appropriate wells. Enzyme conjugate
reagent of 100 pl was dispensed into each well,
thoroughly mixed for 30s and incubated at room
temperature for about 60mins.

The incubation mixture was removed by flicking the
contents of the plate into a waste container and rinsed
about five times with washing buffer. The wells were
struck over absorbent paper towels to remove every
residual droplets of water. 100 pl of TMB solution
was dispensed into each well, gently mixed for 5s
and incubated at room temperature for 20mins. After
incubation, the stop solution of 100 pl was dispensed
into each well to stop the reaction. The wells were
read with a microplate reader at an optical density of
450nm. Standards of known T4 concentrations
which were run concurrently with the samples were
used to plot a standard curve. The unknown T4
concentrations in each sample were then calculated
from the curve

Data Analysis

Data collected from this study were expressed in
percentage and mean (= SEM). Results were
analyzed using one-way analysis of variance and
Tukey's post-hoc test. Pearson's correlation analysis
was done to test for relationship between serum T,,
fT, and TSH with pregnancy, lactation and parity.
Values of P < 0.05 were considered statistically
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significant. The statistical package used was
Graphpad prism for windows (Chicago, 2003). Non-
parametric data were subjected to Kruskal-Wallis
test.

RESULTS

Table 1 shows the mean (+ SEM) serum fT,, T, and
TSH concentrations in non-lactating, pregnant and
lactating women.

Serum fT, was significantly (P < 0.001) lower in
lactating than in non-lactating and pregnant women.
Serum T, was significantly (P < 0.001) lower in
lactating than in non-lactating and pregnant women.
Serum TSH was significantly (P < 0.002) lower
lactating women than in non-lactating and pregnant

n

women. There was no significant difference in serum
fT,, T, and TSH concentrations between pregnant and
non-lactating women.

Table 1: Mean (£ SEM) serum concentrations of thyroxine, triiodothyronine and thyroid stimulating hormone in a

female sample population in Zaria, Nigeria.

Status n fT; Ty TSH
(ng/ml) (ng/ml) (nIU/ml)

Non-Lactating 60 3.37+0.12° 101.09 + 0.68" 5.25+0.32°
(1.55 - 3.60) (87.47-114.72) (1.35-5.89)

Pregnant 65 3.34+0.11° 116.7 4.67 +0.33*
(1.28 —3.56) 5+0.67° (0.56—5.32)

(103.40 - 130.09)

Lactating 51 2.40+0.11° 61.41 +0.64° 3.54+0.29°
(0.40 -2.61) (48.54 — 74.28) 0.27-4.12)

Total 176 3.08 £0.72 95.37 £ 0.42 4.50 £0.19

a, b = values with different subscript letters within the same column are significantly (p<0.001) different.
[T~ Free triiodothyronine; T, Thyroxine; TSH —Thyroid Stimulating hormone; () — Range

Table 2: Effect of trimester of pregnancy on serum thyroxine, triiodothyronine and thyroid stim

sample population in Zaria, Nigeria.

ulating hormone in a female

Trimester n fT; Ty TSH
(ng/ml) (ng/ml) (pIU/ml)
First 12 2.81+0.20° 82.10 £ 1.303° 4.77+0.67
(1.27-3.25) (53.39 - 110.62) (0.20 - 5.35)
Second 41 3.22+0.30° 129.20 + 0.83° 6.00 £ 0.66
(1.28 —3.88) (112.39 — 146.01) (0.56 —5.64)
Third 12 3.5240.13° 108.90 £ 1.47° 6.02+0.93
(1.54-3.79) (76.52 — 141.18) (0.95 —5.82)
Total 65 3.34+0.11 116.75 + 0.67 5.72+£0.47

a, b = values with different superscript letters within the same column are significantly different (p<0.05)., fTs- Free triiodothyronine

T4 Thyroxine; TSH - Thyroid Stimulating Hormone; ( ) — Range
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Table 2 shows the effect of trimester of pregnancy on
serum concentrations of fT,, T, and TSH. Mean
serum fT, concentration was significantly higher in
the second trimester than in the first and third
trimester pregnancies (P < 0.05). Mean serum T,
level was significantly P< 0.05) higher in second
trimester than in first and third trimester pregnancies
(- Mean serum TSH concentrations in the first, second
and third trimester pregnancies were not significantly
different.

Table 3: Pattern of body mass index in non-lactating,
pregnant and lactating female sample population in

Zaria, Nigeria

BMI (kg/m?2)

Status n

Non-Lactating 60 26.57+0.93%

Pregnant 65 23.91 +£0.59 b

Lactating 51 2585+ 1.11°

Total 176  25.01+ 0.51
DISCUSSION

In the present study, lactating women had
significantly lower fT,, T, and TSH levels compared
to pregnant and non-lactating women. The low
thyroid hormone concentrations observed in
lactating women in this study is within normal range.
Similarly, Fukuda et al. ®™ observed a persistent
decrease in thyroid hormones concentration in rats
from pregnancy through lactation, which later
returned to normal after weaning their pups. The later
report agrees with the observation of the present
study. The possible reason for the decreased thyroid
hormones concentrations in lactating women could
be due to loss of thyroid hormones into the breast
milk ® also, thyroid hormones influence milk
synthesis as well as the intensity and duration of milk
secretion.”” This leads to increased thyroid hormones

Table 3 shows the pattern of body mass index in non-
lactating, pregnant and lactating women. The BMI
(kg/m’) in non-pregnant women was significantly
higher than in pregnant and lactating women, (P <
0.01).

Table 4 shows the correlation coefficients between
BMI and fT;,, T, and TSH, in non-lactating, pregnant
and lactating women. There was a significant (P <
0.01) negative correlation between BMI and T, and
significant (P < 0.005) positive correlation between
BMI and TSH in pregnant women.

Table 4: Pearson's correlation coefficient of body mass
index, thyroid hormones and thyroid stimulating
hormone

Status BMIvsfT; BMIvsT, BMIvsTSH
Non-Lactating -0.0611* -0.079 -0.06§*
Pregnant -0.32 -0.072 0.345
Lactating -0.057 -0.004 0.181

** - p<0.001

utilization and thus, decreases in serum thyroid
hormones level. The low T, concentration observed
in the lactating women in this study is also in
agreement with the report of Zhang et al. ™, who
studied thyroid hormone concentration in 56
lactating women in China and reported that the milk
concentrations of T, and fT, were 29.6 mcg/L and 2.3
ng/L, respectively. Lactating women in the current
study had TSH level of 3.68 ulU/ml, which is within
the normal recommended reference range of 0.4 4.0
mlIU/l in a non-pregnant population.™

Serum concentrations of fT,, T, and TSH were
mostly lower in pregnant women compared to the
non-lactating women. There was however, no
significant difference between them. The American
Thyroid Association has established that the
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reference range of TSH during pregnancy decreases
throughout the period of gestation. Thus, both the
lower and upper normal limit of serum TSH are
decreased by about 0.10.2 mIU/L and 1.0 mIU/L,
respectively, compared with the usual TSH reference
interval of 0.44.0 mIU/L of non-pregnant women.""
The reason for the decrease in the concentrations of
thyroid hormones in the pregnant women could be
due to the fact that the thyroid gland produces 50%
more thyroid hormone during pregnancy to provide
enough thyroid hormone for the developing fetus and
the expectant mother.”” *' During pregnancy,
estrogen levels stimulate the expression of thyroxine
binding globulin (TBG), a protein that is produced in
the liver. This rise in estrogen during pregnancy
induces a double-fold increase in serum TBG.
Thyroxine binds to the excess TBG, resulting in a
negative feedback increase in TSH secretion by the
pituitary gland and thus, improving the synthesis and
secretion of thyroid hormones. The high levels of
human chorionic gonadothropin (HCG) (which is
similar to TSH) during first trimester of pregnancy
can also lead to increased binding to TSH receptors,
thereby transducing signals on the thyroid epithelial
cells.”* * The reference value observed in the non-
lactating population of this study (1.35 5.89 mIU/L)
is slightly higher as compared to values reported
from Australia (0.40 4.00 mU/L).”” Similar trend
was also observed in the pregnant population of this
study (0.56-5.32 mU/L) and that of Gilbert ez al.”” in
first trimester of pregnant women in Australia (0.02-
2.15 mU/L). Also a recent study in Iranian pregnant
women reported hypothyroidism in the first
trimester”” The level of iodine supplementation in
diet,
nutritional status, and many other factors could be

racial difference, socio-economic and
responsible for the difference in the reference values
of'this study, as compared to other studies.

In this study, the serum fT, concentration showed a

progressive increase through the three trimesters.
This observation corresponds with the studies carried
out in iodine sufficient areas”™” and countries, where
iodine supplementation is practiced.”™*” This
observation also agrees with the report of Striker ez al.
¥ and Marwaha e al.,"” who reported a progressive
increase in the fT, levels through the three trimesters
of pregnancy. It is believed that the increase is due to
physiological adaptation, which enables energy
conservation due to high metabolic demand of
pregnancy.™” The increase in T, level is due to down-
regulation of the thyroid hormone action to conserve
energy during pregnancy.**" It has been reported that
total T, and T, remain the same or increase, when
maternal iodine level is low thus avoiding an increase
in circulating TSH."™* Diversion of a part of
maternal iodine to fetal thyroid gland during the
second half of pregnancy also shifts the maternal
thyroid gland to prefer rational synthesis of fT,,
instead of fT, to maintain euthyroidism during the
period of relative iodine deficiency."” In this study,
the T, level increased significantly in the second
trimester and later decreased in the third trimester.
This observation is similar to earlier reports " * *
where a progressive increase in T, level was reported
in the three trimesters.

The lowest concentration of serum TSH obtained in
the present study was observed during the first
trimester after which a non-significant increase in
TSH level in the second trimester was obtained. This
could relate to hCG levels, which are highest in early
gestation. Serum TSH and its reference range rises
gradually in the second and third trimesters.”” *” This

41, 47, 51-54]

agrees with earlier findings," of an increase in

TSH in second and third trimesters, although some
other workers ** ** * ** had reported an increase in
TSH only during the third trimester. Striker ez al. "
observed an increase in TSH in the second trimester

and a decrease in the third trimester, while Marwaha
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et al. "™ reported an increase in TSH in the third
trimester. This discrepancy suggests that other
factors, including endogenous or exogenous, may
play a role in the dynamics of thyroid hormones and
TSH disposition in pregnant women.

Although the reference value of fT,, T, and TSH
obtained in this study are in line with other studies
reported, the reference values obtained in the present
study were apparently higher than some of the values
reported. The discrepancies could be due to
ethnic/racial background, maternal iodine status,
laboratory techniques, definition of population,
exclusion criteria, method of statistical analysis and
also the sensitivity of kits used.

Pregnant women had significantly lower BMI
compared to lactating and non-lactating women, this
is in contrast to the report of Danborno et al. * who
reported high BMI of pregnant women attending
antenatal clinic in LAUTECH, Osogbo, as
pregnancy advances towards term. A possible reason
for the significantly lower BMI in pregnant and
lactating as compared to non-lactating women
observed in this study may be due to the fact that the
pregnant women were predominantly sampled from
the rural area of Zaria were booking for antenatal is
often done in an arbitrary manner without
cognizance to the trimester of pregnancy. While the
lactating and non-lactating women were
predominantly sampled from women that attend the
University health care facility and other government
and private hospitals within Zaria urban settlement.
The latter are largely elitist and more prone to being
overweight. This could be a confounding factor.
Thus, this finding should be interpreted with caution.
However, it should also be noted that low BMI has
been reported in women living in rural areas of
Northern Nigeria™.

Body mass index also showed a significant negative
correlation with fT, in pregnant women. This is in

contrast with the finding of Iacobellis et al,”” who
reported a positive correlation of BMI and T, in
uncomplicated obese women. Milionis and Milionis
I "also reported a positive correlation between BMI
and T, in Greek women. The possible reason for the
negative correlation between BMI and T, observed
in this study could be the pregnancy status of the
women. During pregnancy, there is increased
metabolism and utilization of fT, in order to generate
the energy needed to sustain the pregnant mother and
the growing fetus. In contrast to the findings of this
study, results of other studies “**" showed a positive
correlation between BMI and fT,. Similarly, Ren et
al." observed an increase in fT, levels in overweight
and obese individuals than in normal weight subjects.
However, Knudsen et al. " did not find any
association between BMI and fT,. This means that
other confounding factors may influence the
relationship between BMI and thyroid hormones
activity in women, and may require further
investigation.

A positive correlation was observed between BMI
and TSH in pregnant women. This observation is in
agreement with the findings of earlier researchers,
who reported positive associations between BMI and
serum TSH. ******* The BMI in pregnant women
could be the stimulating factor for increased TSH
secretion in a negative feed-back fashion. In other
words, as BMI increases in pregnant women, T,
levels decrease due to increased utilization to meet
the metabolic needs of pregnancy. Consequently, this
elicits a negative feed-back response on the anterior
pituitary to release more TSH.

CONCLUSION

This study has provided preliminary reference values
of thyroid hormones (fT, and T,) and TSH in women
of reproductive age in Zaria, Nigeria. The study has
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also demonstrated that serum thyroid hormones (fT,
and T,) and TSH wvalues were affected by
reproductive status and BMI in women in Zaria,

Nigeria.
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