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Objectives. Given the high prevalence of subclinical hypothyroidism (SCH), defined as high
thyroid stimulating hormone (TSH) and normal free thyroxine (FT4), and uncertainty on treat-
ment, one of the major challenges in clinical practice is whether to initiate the treatment for SCH or
to keep the patients under surveillance. There is no published study that has identified predictors of
short-term changes in thyroid status amongst patients with mild elevation of TSH (4.5-10 mIU/L).

Subjects and Results. A cohort study was conducted on patients with SCH detected through a
general population screening program, who were followed for six months. This project identified
factors predicting progression to hypothyroid status, persistent SCH and transient cases. A total
of 656 participants joined the study (431 controls and 225 were patients with SCH). A part of par-
ticipants (12.2%) developed biochemical hypothyroidism during the follow-up, while 73.8% of the
subjects became euthyroid and the remained ones (13.4%) stayed in the SCH status. The incidence
of overt hypothyroidism for participants with TSH above 6.9 mIU/L was 36.7%, with incidence of
42.3% for females. Anti-thyroid peroxidase antibodies (TPO) positivity is an important predictor
of development of hypothyroidism; however, it could be also positive due to transient thyroiditis.

Conclusions. It can be concluded that females with TSH above 6.9 mIU/L, particularly those
with free triiodothyronine (FT3) and FT4 in the lower half of the reference range, are more likely
to develop biochemical hypothyroidism. Therefore, it is recommended to give them a trial of levo-
thyroxine replacement. It is also recommended to repeat TSH after six months for male subjects
and participants with baseline TSH equal or less than 6.9 mIU/L.
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Adult primary hypothyroidism is widely consid-
ered to be a common, but difficult to diagnose in its
milder forms because the typical symptoms, such
as lethargy, tiredness, weight gain, memory impair-
ment, and depression, are non-specific and experi-
enced by many people (Jameson and Weetman 2001;
Wass and Stewart 2011).

The reported prevalence of biochemical primary
hypothyroidism, defined as high thyroid stimulating
hormone (TSH) and low free thyroxine (FT4), is
between 1% and 2% (Canaris et al. 2000; Vanderpump
and Tunbridge 2002; Wilson et al. 2006), while the
reported prevalence of subclinical hypothyroidism
(SCH), defined as high TSH and normal FT4, ranges
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between 2.9% and 10% (Canaris et al. 2000; Vander-
pump and Tunbridge 2002; Wilson et al. 2006). At
the SCH stage of the disease, the patients might have
few symptoms or they are asymptomatic, but feel the
difference in some symptoms after introduction of
replacement thyroxine treatment (Vanderpump and
Tunbridge 2002).

Given the high prevalence of SCH and uncer-
tainty on treatment, one of the major challenges to
family medicine doctors and internists is whether
to initiate treatment for SCH or to keep the patients
under surveillance (Khandelwal and Tandon 2012;
Redford and Vaidya 2017). Symptoms, as discussed
above, are insidious and most are non-specific
(Jameson and Weetman 2001; Wass and Stewart
2011). Trial of treatment could be helpful in preven-
tion of progression of the disease and symptomatic
relief (Jonklaas et al. 2014). One of the current chal-
lenges in medical practice is identification of SCH
patients, who would progress to biochemical hypo-
thyroidism, and would, therefore, require early initi-
ation of thyroxine replacement (Premawardhana
and Lazarus 2006). High level of TSH (>10 mIU/L),
presence of antithyroid antibodies, cardiovascular
risk factors, and other co-morbidities have predicted
initiation of therapy in clinical practice (Cojic and
Cvejanov-Kezunovic 2017).

Repeat TSH after six months shows that the
patients have either persistent high TSH, progression
to biochemical primary hypothyroidism or a normal
TSH (Abu-Helalah et al. 2010). Those who became
euthyroid most probably experienced an episode of
silent thyroiditis with a transient hypothyroid phase
(Dimos et al. 2010; Ohsako et al. 1995). Progression
to overt hypothyroidism, occurs at different rates
ranging from 5 to 17% (Jonklaas et al. 2014; Huber
et al. 2002; Tunbridge et al. 1981; Vanderpump et al.
1995). In selected cases (e.g., elderly patients with high
titres of antithyroid antibodies), the risk of progres-
sion to overt disease may be closer to 20% per year.
Consideration of these possible outcomes affects the
decision about whether to treat or to observe without
treatment (Cojic and Cvejanov-Kezunovic 2017;
Abu-Helalah et al. 2010; Dimos et al. 2010; Ohsako
et al. 1995; Huber et al. 2002; Tunbridge et al. 1981;
Vanderpump et al. 1995; Garber et al. 2012).

A randomized double-blind cross-over clinical
trial on SCH patients identified through population
based general screening showed that 27% of patients
with repeat TSH after 3 to 6 months after initial
screening will have TSH higher than 4.5 mIU/L,
while 73% of them will have their TSH below this
figure. Results have shown that the former group

would benefit from treatment through improvement
in selected symptoms, their own rating and reduction
in their LDL cholesterol (Abu-Helalah et al. 2010).

A recent systematic review has recommended
that diagnosis of SCH should not lead to initiation
of therapy particularly in cases with mild elevation.
This systematic review also recommended ruling out
transient SCH (i.e., not persistent for >3-6 months).
This means that there are patients with true SCH who
could benefit symptomatically from treatment, but
will be kept without treatment for three to six months
(Abreu et al. 2017).

The question on determination of the group
with mild elevation of TSH (4.5-10 mIU/L), who is
more likely to develop biochemical hypothyroidism
permanently, is still unresolved. There is no published
study that has identified predictors of short-term
changes in thyroid status. Most studies are based
on long-term changes in TSH without investigating
the early phases of the disease process (Cojic and
Cvejanov-Kezunovic 2017; Abu-Helalah et al. 2010;
Dimos et al. 2010; Ohsako et al. 1995; Huber et al.
2002; Tunbridge et al. 1981; Vanderpump et al. 1995;
Garber et al. 2012).

We conducted a cohort study on patients identi-
fied with SCH detected through a general popu-
lation screening program. This project identified
factors predicting progression to hypothyroid status,
persistent SCH, and transient cases. We hope that
our findings will support initiation of treatment for
SCH according to predetermined criteria, rather than
keeping all patients off treatment and waiting for
three to six months for initiation of therapy.

This study aims at identifying factors that predict
progression to hypothyroid status, persistent SCH,
and transient cases to help in developing treatment
protocols.

Subjects and Methods

Subjects. This cohort study is based on follow up
of SCH patients detected through general population
screening study. An Institutional Review Board (IRB)
approval was obtained from the Ministry of Health
Central Ethical Review Committee and from the
Ethical Review Committee at the Faculty of Medi-
cine, Mutah University, Karak, Jordanian agreement
with the Helsinki Declaration of 1975.

Each subject was informed about the study and
duration of follow-up of 6 months. Those who agreed
to take part were consented for taking part in the
study. Blood samples were collected from them on
monthly basis. All participants received a letter of
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their biochemical tests and the outcomes of their
follow up. Those who develops biochemical hypothy-
roidism during the follow up were informed about
this outcome and a letter for the healthcare provider
along with the biochemical tests results were given to
the participants to share with their physicians.

Inclusion criteria. Participants in Jordan National
Thyroid Epidemiology Study, aged 18 to 79, who
were detected with subclinical hypothyroidism, were
invited to take part in this cohort study, described by
Abu-Helalah et al. (2019). This was done within few
days of the initial test. A soon as the results of the
screening test, within 5-7 days of initial screening,
patients were invited to take place. The levels of TSH
and FT4 were not repeated in the inclusion visit.
The second test was conducted at one month from
the initial screening test. Also, matched euthyroid
controls for age, gender, and location, were recruited
from the same project. Control group were identified
from participants in the above-mentioned Jordan
National Thyroid Epidemiology Project and who
were euthyroid; screen negative.

Exclusion criteria. Patients with the following
conditions were not invited to join the study: People
who have difficulties in communication. People not
permanently residing in the study areas. People who
have a medical condition or are taking drugs that
affect TSH secretion or thyroid hormone secretion,
absorption, transport, or metabolism, as described by
Abu-Helalah et al. (2019).

The purpose of their inclusion is to compare base-
line results with study participants and to compare
the prevalence of symptoms suggestive of hypothy-
roidism. These controls were screen negative subjects
in the Jordan National Thyroid Epidemiology Project,
source of subjects for this study. Methodology and
results of the above project are described by Abu-
Helalah et al. (2019). Patients with SCH secondary
to underlying conditions such as surgery, radiation
therapy, or treatments, pregnant women, or on treat-
ments that would affect any of the study outcomes
were excluded from the study.

Definitions:

1. SCH: high TSH, normal FT4 and free triiodo-
thyronine (FT3);

2. Overt hypothyroidism: high TSH, low FT4
and/or FT3;

3. Subclinical hyperthyroidism: low TSH,
normal FT4 and FT3;

4. Overt hyperthyroidism: low TSH, high FT4
and/or FT3.

The incidence of biochemical hypothyroidism
amongst patients with SCH detected through from

general population screening was calculated. More-
over, predictors of deterioration in disease status for
patients with SCH were identified. Finally, predic-
tors of normalization of TSH and persistence of SCH
status were also evaluated.

Biochemistry. Serum TSH, FT4, and FT3 were
measured by chemiluminescent immunoassays
(Advia Centaur; Bayer Diagnostics, Newbury, United
Kingdom). Serum TSH had a laboratory reference
range of 0.4-4.5 mIU/L with an interassay coef-
ficient of variation of 4.4-10.9% over the range of
0.41-24.5mIU/L. The assay was calibrated against the
second International Reference Preparation 80/558.
The lower limit of reporting for the TSH assay was
0.1 mIU/L and the manufacturer’s quoted mean
functional sensitivity was 0.019 mIU/L. The labora-
tory reference range for FT4 was 9.0-20.0 pmol/L
with an interassay coefficient of variation of 8.2-9.8%
over the range of 8.2-54.9 pmol/L. Serum TSH and
FT4 concentrations were determined in all; in those
with serum TSH below normal, serum FT3 (refer-
ence range 3.5-6.5 pmol/L, interassay coefficient of
variation of 4.2-6.9% over the range 4.0-16.0 pmol/L)
was also measured (Lee and Lee 2014). Anti-thyroid
peroxidase antibodies (TPO) antibodies were
measured by the electrochemiluminescence immu-
noassay (ECLIA) method (Roche) and the reference
range in humans is between 0 and 34 IU/mL

Sample size calculation. This work is a part of a
bigger project that aimed at estimating the prevalence
of hypothyroidism and hyperthyroidism in Jordan
described in details by Abu-Helalah et al. (2019).
Out of the 7,085 participants in the national cross-
sectional study, a total of 383 patients were identified
with SCH and were asked to participate in the follow
up study. Of those patients, 225 consented to partici-
pate in this follow up study and 53 of them were lost
during the follow up period. As for control patients,
a sample of size 385 is sufficient at a 95% significance
level and 5% error margin (Kish 1965).

Statistical analysis. The primary objective of this
study is to identify predictors of biochemical hypothy-
roidism among SCH patients. Descriptive statistics
including means, standard deviations and propor-
tions will be reported. Summaries will be provided
for both subclinical hypothyroid subjects and control
participants. Logistic regression techniques will be
used to identify significant predictors of biochemical
hypothyroidism development. Two cases for TSH,
FT4 and FT3 test results will be evaluated for their
effects on biochemical hypothyroidism development.
In the first case, continuous values for TSH, FT4 and
FT3 test results will be assumed. In the second case,
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test results will be categorized into pre-specified set
of ranges. Two levels for the TSH test results will be
used <6.9 mIU/L and >6.9 mIU/L. The FT4 and FT3
levels will be categorized in two scenarios. In the first
scenario, FT4 is assumed to have three categories
<13.67, 13.67 to 15.18, and >15.18 pmol/L; and FT3 is
assumed to have three categories <3.20, 3.20 to 3.38,
and >3.38 pmol/L. In the second scenario, FT4 and
FT3 serum levels will be split into upper and lower
halves: FT4 <14.44 or >14.44 pmol/L, and FT3 <3.79
or >3.79 pmol/L. Throughout the performed analysis,
a 95% confidence level will be assumed.

Results

A total of 656 participants joined the study. The
control group was comprised of 431 individuals, while
the remaining 225 were patients with SCH detected
through general population screening program(s)
and consented to participate in the follow-up. The
participation rate amongst eligible patients was
58.7% of initially invited 1118 patients, who were
identified with SCH in the national epidemiology
study with TSH between 4.5 and 10 and normal FT4
and FT3 (Abu-Helalah et al. 2019). Most of decliners
(458 out of 462) reported that they could not join due

to personal commitments, except four subjects who
wanted to start treatment. Baseline biochemical tests
and demographics had no statistically different from
participants.

At baseline, there was no statistically significant
difference between these two groups in the mean age
or gender distribution. The mean age of the control
group was 42+13.7 years and the mean age for the
follow-up group was 43+14.6 years. Both groups were
also matched for geographical location.

As shown in Table 1, there was a statistically signif-
icant difference between controls and patients with
SCH in the biochemical parameters with higher TSH,
more positive rate for TPO, C-reactive protein (CRP)
and erythrocyte sedimentation rate (ESR), and lower
FT4 in the SCH compared with euthyroid controls.

At the end of follow-up, SCH were split into
three groups based on their biochemical findings:
remained in the SCH status; became euthyroid;
developed biochemical hypothyroidism. Not unex-
pectedly, further analysis of baseline tests revealed
that subjects who developed hypothyroidism had
higher TSH, lower FT4 and FT3 and more often posi-
tive for TPO, CRP and ESR when compared with
participants who stayed as SCH or became euthyroid,
as shown in Table 2. Chi-Square analysis showed

Table 1
Baseline and end of follow-up biochemical tests assessment

Control Subclinical hypothyroid patients p-value
Test (n=431) (n=225)
Mean SD Mean SD
Baseline TSH (mIU/L) 2.23 1.78 5.90 1.24 0.000
FT4 (pmol/L) 15.23 1.98 14.44 2.56 0.000
FT3 (pmol/L) 3.29 1.09 3.38 0.87 0.292
Baseline Test Control Subclinical hypothyroid patients p-value
(% of positive cases) (% of positive cases)
TPO 10.3 46.0 0.000
CRP 24.9 57.1 0.000
TSH receptors 3.6 3.7 1.000
ESR 35.6 60.9 0.000
End of Proportion of follow-up patients (%)
follow-up  Group Female Male Total TSH (mIU/L) FT4 (pmol/L)
Mean+SD Mean+SD
Stayed as SCH 14.5 11.1 13.4 6.0+1.2 14.9+2.1
Biochemical HPT 16.1 0.0 12.2 9.2+3.7 11.5£1.9
Became euthyroid 69.4 88.9 73.8 0.8£15.1 15.1+2.0

Abbreviation: CRP - C-reactive protein; ESR - erythrocyte sedimentation rate; FT3 - free triiodothyronine; FT4 - free thyroxine;
HPT - hypothyroidism; SCH - subclinical hypothyroidism; TPO - anti-thyroid peroxidase antibodies; TSH - thyroid stimulating

hormone.
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Biochemical tests at baseline accog?lgti status at the end of the follow-up

Parameter Status Min Q1 Mean SD Median Q3 Max p-value
TSH Stayed as SCH 4.60 5.11 6.32 1.49 6.09 7.34 9.69 0.000
(mIU/L) Biochemical HFT 503 579 691 143 6.90 820 949

Became euthyroid 4.52 4.85 5.65 1.05 5.39 6.18 9.37
FT4 Stayed as SCH 10.23 12.71 14.06 2.03 14.49 15.26 18.16 0.001
(pmol/L) Biochemical HPT 8.06 10.86 1275 234 12.61 1450 1693

Became euthyroid 2,39 13.49 14.79 2.57 14.57 16.26 21.50
FT3 Stayed as SCH 2.47 3.10 3.24 0.25 3.30 3.38 3.76 0.832
(pmol/L) Biochemical HFT ~ 2.16  2.95 317 038 338 338 3.80

Became euthyroid 2.29 3.14 3.44 0.99 3.38 3.52 12.90

Abbreviations: FT4 - free thyroxine; FT3 - free triiodothyronine; HPT - hypothyroidism; SCH - subclinical hypothyroidism; SD -

standard deviation; TSH - thyroid stimulating hormone.

Table 3
Chi-squared analysis for the association between biochemical
test results and end of follow-up status

Syl Biochemical LT
Parameter Category (%) as SCH HPT (n=21) euthyroid
(n=23) (n=127)

TPO Negative 54.5 20.0 59.7
Positive 45.5 80.0 40.3
p-value 0.004

CRP Negative 45.5 30.0 44.5
Positive 54.5 70.0 55.5
p-value 0.461

ESR Negative 36.4 15.0 43.7
Positive 63.6 85.0 56.3
p-value 0.050

TSH Negative 100.0 100.0 95.0

Teceplor  positive 0.0 0.0 5.0
p-value 0.493

TSH <6.9 68.2 50.0 89.9

(mIU/L) >6.9 318 50.00 10.1
p-value 0.000

FT4 <14.44 50.0 75.0 47.9

(pmol/L) 51444 500 250 52.1
p-value 0.080

FT3 <3.79 100.0 95.0 87.4

(pmol/L) 5379 0.0 5.0 12,6
p-value 0.168

Abbreviation: CRP - C-reactive protein; ESR - erythrocyte
sedimentation rate; FT3 - free triiodothyronine; FT4 -

free thyroxine; HPT - hypothyroidism; SCH - subclinical
hypothyroidism; TPO - anti-thyroid peroxidase antibodies;
TSH - thyroid stimulating hormone.

statistically significant differences between the three
groups in the TPO positivity, as shown in Table 3.

Follow-up results of final thyroid status of SCH
patients showed that 12.2% of participants devel-
oped biochemical hypothyroidism during the follow-
up period of six months while 73.8% of the subjects
became euthyroid and the remaining 13.4% stayed in
the SCH status. Interestingly, 0.58% (1 subject) of the
participants with SCH developed hyperthyroidism
during the follow up.

A multinomial logistic regression model was built
to predict patients who would develop biochemical
hypothyroidism or had their TSH within the target
reference range when compared with those who
remaining within the SCH category. Model regres-
sion coefficients are included.

Regression analysis was conducted assuming two
scenarios for TSH, FT4 and FT3 variables. In the first
scenario, all three variables were assumed to follow a
continuous scale (Table 1), while categorization into
different levels was assumed in the second scenario
(Tables 2 and 3). The latter scenario was done in order
to have feasible recommendations for clinical prac-
tice utilization of the outcomes.

Considering TSH, FT4 and FT3 as continuous
variables, regression analysis (Table 4) showed that
TSH and older age are associated with higher prob-
ability of developing biochemical hypothyroidism
compared to remaining as is in the SCH status.
Male participants, ex-users of oral contraceptives,
those with higher FT4, higher FT3 were less likely
to develop biochemical hypothyroidism. Regarding
having TSH returning to normal “reference range”
those with higher FT3 and non- or ex-users of oral
contraceptives were more likely to have their TSH
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Table 4
Predictors of end of follow-up status assuming a continuous
scale for TSH, FT4 and FT3

Biochemical HPT  Became euthyroid

Coefficient p-value Coeflicient p-value

(Intercept) 6.7 0.156 49 0.163
Reached menopause -3.3 0.011 -1.2 0.168
(women): Yes

Oral contraceptive -1.4 0.356 0.2 0.891
pills (women):

Ex-user

Oral contraceptive 0.0 0.986 2.0 0.137
pills (women): No

Gender: Male -11.7 0.000 -0.2 0.826
Age 0.05 0.213 -0.03 0.270
TSH 0.2 0.552 -1.0 0.000
FT4 -0.4 0.019 -0.1 0.360
FT3 -1.0 0.360 1.2 0.113

Abbreviations: FT4 - free thyroxine; FT3 - free
triiodothyronine; HPT - hypothyroidism; TSH - thyroid
stimulating hormone

Table 5
Predictors of end of follow-up status assuming a categori-
cal scales for TSH (<6.9 or >6.9 mIU/L), FT4 (<14.44 or
>14.44pmol/L) and FT3 (<3.79 or >3.79 pmol/L)

Biochemical HPT Became euthyroid

Coefficient p-value Coefficient p-value

(Intercept) -6.5 0.000 16.1 0.000
Reached menopause -2.6 0.031 -0.9 0.267
(women): Yes

Hormonal 4.8 0.000 -14.4 0.000

replacement therapy
(women): No

Oral contraceptive -0.8 0.567 0.3 0.842
pills (women):

Ex-user

Oral contraceptive 0.3 0.839 2.2 0.105
pills (women): No

Gender: Male -17.0 0.000 -0.3 0.687
Age 0.04 0.267 -0.03 0.298
TPO: Positive 14 0.062 0.1 0.810
TSH >6.9 mIU/L 0.03 0.964 -2.5 0.000

Abbreviations: FT3 - free triiodothyronine; FT4 - free
thyroxine; HPT - hypothyroidism; TPO - anti-thyroid
peroxidase antibodies; TSH - thyroid stimulating hormone.

returning to reference range during the follow-up.
On the other hand, those with higher TSH and post-
menopausal women are less likely to return to normal
when compared with stay as it is status.

We repeated regression analysis after categorizing
the TSH, FT4 and FT3. In Table 5, FT4 and FT3
values, which were within the reference range, were
split into two halves, while in Table 5, they were split
into three categories. Obtained categories for each
case are shown in the caption of the corresponding
table. In Table 5, TPO positive status, age, non-users
of hormone replacement therapies, and having a
baseline TSH more than 6.9 mIU/L are associated
with higher probability of developing biochemical
hypothyroidism compared with staying the subclin-
ical hypothyroid status. On the other hand, male
gender, women who reached menopause, ex-users of
oral contraceptives are associated with lower prob-
ability of developing biochemical hypothyroidism
when compared with staying the SCH status. The
incidence of overt hypothyroidism for participants
with TSH above 6.9 mIU/L was 36.7%. For female
participants, incidence of overt hypothyroidism was
16.1%, while it was 42.3% for female participants with
TSH at baseline level above 6.9 mIU/L.

Non- or ex-users of oral contraceptives were statis-
tically significant predictors of having TSH returning
to reference “normal” range, when compared with
staying within the subclinical hypothyroid category.
One the other hand, TSH higher than 6.9 mIU/L,
non-users of hormonal therapies and higher age were
unlikely to have their TSH returning to reference
“normal” range.

Finally, Table 6 shows that TSH higher than 6.9
mIU/L and positive TPO were statistically signifi-
cant predictors of development of biochemical hypo-
thyroidism when compared with staying within the
subclinical hypothyroid status. Male gender, post-
menopausal women, FT3>3.2 pmol/L, and ex-users
of oral contraceptives were unlikely to develop
biochemical hypothyroidism and more like to stay in
the subclinical status. Patients with FT'3 more than
3.2 pmol/L, non- or ex-users of oral contraceptives,
TPO positive were more likely to have their TSH
returning to the reference range. On the other hand,
post-menopausal women, male participants, those
with TSH higher than 6.9 mIU/L, and those at older
age were less likely to have their TSH returning to
reference range when compared with staying in the
subclinical hypothyroid status.

Discussion

The question of whether or not to initiate thyroxine
replacement upon diagnosis for the highly preva-
lent SCH could be answered to a large extent based
on results of our study. We have provided evidence
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Table 6
Predictors of end of follow-up status assuming a categori-
cal scales for TSH (<=6.9 or >6.9 mIU/L), FT4 (<13.67,
13.67-15.18, >15.18 pmol/L) and FT3 (<3.20, 3.20-3.38, >3.38
pmol/L)

Biochemical HPT  Became euthyroid
Coeflicient p-value Coefficient p-value

(Intercept) -1.4 0.454 0.9 0.554
Reached -2.5 0.042 -0.6 0.463
menopause

(women): Yes

Oral contraceptive -1.0 0.522 0.01 0.997
pills (women):

Ex-user

Oral contraceptive 0.0 0.999 2.1 0.132
pills (women): No

Gender: Male -17.1 0.000 -0.2 0.842
Age 0.04 0.258 -0.02 0.329
TPO: Positive 1.7 0.059 0.1 0.900
TSH > 6.9 mIU/L 0.03 0.965 -2.6 0.000
FT3 > 3.38 pmol/L -0.2 0.892 1.9 0.035
FT3:3.20-3.38 -0.6 0.477 1.0 0.183

Abbreviations: FT3 - free triiodothyronine; HPT -
hypothyroidism; TPO - anti-thyroid peroxidase antibodies;
TSH - thyroid stimulating hormone.

that TSH higher than 6.9 mIU/L, particularly for
females who have not reached menopause, predicts
development of hypothyroidism and worth initiation
of therapy. On the other hand, it is recommended to
repeat TSH after 6 months for other subjects, partic-
ularly males. Women who reached menopause are
more likely to stay in the subclinical category partic-
ularly if their TSH is equal or below 6.9 mIU/L.

Current trend in clinical practice of repeating TSH
after six months to exclude transient hypothyroidism
(Abreu et al. 2017) has two adverse consequences.
The first is that patients who require treatment for
subtle or overt symptoms would be left untreated for
6 months. Based on previous cross-over clinical trial,
a good proportion of SCH patients were aware of
response and symptoms upon initiation of treatment
(Abu-Helalah et al. 2010). This is due to the subtle and
insidious onset of symptoms in the early stages of the
disease process (Jameson and Weetman 2001; Wass
and Stewart 2011). The second is that early initiation
of treatment would prevent further deterioration of
thyroid function. Therefore, delays in early interven-
tion would defer such preventive intervention.

Most current recommendations begin initiation of
therapy upon diagnosis if the TSH is higher than 10
mIU/L (Premawardhana and Lazarus 2006; Cojic and

Cvejanov-Kezunovic 2017). We are the first published
study to provide solid evidence to support immediate
initiation of thyroxine replacement therapy for TSH
higher than 6.9 mIU/L, particularly for females and
those with FT3 and FT4 in the lower half of the refer-
ence range. On the other hand, our results support
repeating TSH after six months for other subjects,
particularly males and those with TSH less than or
equal to 6.9 mIU/L. Because symptoms are gradual
and insidious in onset, it could be helpful to assess the
value of the intervention from patients’ prospective is
to ask them above symptoms and general assessment
of the trial of treatment at baseline and during the
follow-up.

Regarding normalization of TSH value and change
to the euthyroid status, our findings revealed that
SCH patients with higher baseline than FT3 and FT4
were more likely to have their TSH returning to refer-
ence range during the follow-up. On the other hand,
those with higher TSH (>6.9 mIU/L), older subjects
and post-menopausal women are less likely to return
to the euthyroid status.

Follow up in our study revealed that the annual
incidence of biochemical hypothyroidism amongst
subjects with SCH was of 24.4%. Our findings
are close to figures from follow-up of SCH identi-
fied through population based general screening in
the United Kingdom with rates of 27% (Fade et al.
1991). These figures are slightly higher than older
studies (McGrogan et al. 2008; Wiersinga 1995).
Parle et al. (2010) followed 73 patients 260 years of
age who had been classified with SCH (single TSH
value >5.0 mIU/L with normal thyroxine) in a single-
family practice. After follow-up for one year, TSH
levels returned to normal in only 5.5% of these indi-
viduals; 76.7% of the patients had persistent SCH and
17.8% progressed to overt hypothyroidism (Fade et
al. 1991). A difference in the age range might justify
these findings.

Subjects with positive TPO are more likely to
develop biochemical hypothyroidism, as shown
in most previous studies (McGrogan et al. 2008;
Wiersinga 1995), and require initiation of thyroxine
replacement therapy (Cojic and Cvejanov-Kezunovic
2017; Abu-Helalah et al. 2010). A smaller number of
patients with positive TPO would have acute or sub-
acute thyroiditis (Akamizu and Amino 2017). These
subjects are expected to become euthyroid during
follow-up; which will require cessation of therapy.
These findings are consistent with previous studies
and recommendations for initiation of therapy
for subjects with positive antibodies (Cojic and
Cvejanov-Kezunovic 2017; Abu-Helalah et al. 2010).
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The reported annual incidence of hypothyroidism
was 35.7% for SCH with TSH >10 mIU/L and anti-
thyroid antibodies (McGrogan et al. 2008).

A recent systematic review on the natural course
of SCH (TSH 4.5-19.9 mIU/L with normal thyroxine)
showed consistent findings with our results. Of the
369 patients with available data after 2 years, 35%
reverted to euthyroid status. The frequency of normal-
ization was associated with the degree of baseline
TSH level elevations, with reversion to a euthyroid
state more common among patients with a baseline
TSH 4.5-6.9 mIU/L (46%) compared with those with
a baseline TSH > 7 mIU/L (8.8%). Patients that tested
negative for TPOAbs were also significantly more
likely to revert to euthyroidism compared with those
that tested positive for TPOAbs (48% vs. 15%, p<0.05)
(Hennessey and Espaillat 2015).

Males are unlikely to develop biochemical hypo-
thyroidism but also less likely to have their TSH
returning to the reference range. This means that a
follow-up of these subjects on an annual basis would
be recommended in addition to consulting them on
symptoms suggestive of development of overt hypo-
thyroidism. The 20-year follow-up of the Wickham
cohort study provided incidence data and allowed
the determination of risk factors for spontaneous
hypothyroidism in this period. The mean annual
incidence of spontaneous hypothyroidism during the
20-year follow-up period was 3.5 per 1000 and 0.6
per 1000 in surviving women and men respectively
(McGrogan et al. 2008).

Our results found that TSH above 6.9 mIU/L neces-
sitates initiation of therapy. Setting an upper limit for
the normal value of TSH for a population has impli-
cations for the diagnosis of SCH as well as related
issues such as screening, association with comorbidi-
ties, especially cardiovascular risks, and treatment
(Baumgartner et al. 2017; Mullur et al. 2014). Thus, the
current data support the view that serum TSH rises
slightly with aging, but the data on FT4 is conflicting
(Baumgartner et al. 2017; Mullur et al. 2014; Bremner
et al. 2012). Prospective large studies are required to
confirm whether age-specific reference ranges should
be utilized when reporting thyroid parameters. In
a subsequent further analysis, Surks and Hollowell
(2007) examined the NHANESIII data, which
showed a progressive increase in mean, median,
and 97.5 percentile for TSH concentration with age
in the disease-free and reference populations. This
analysis suggested that the 97.5 percentile is about
3.6 mIU/L in people who are 20-39 years of age and
5.9 and 7.5mIU/L in those who are 70-79 and 80
years old and older, respectively (Surks and Hollowell

2007). They also demonstrated that about 70% of
older patients who would be classified as SCH with
TSH greater than 4.5 mIU/L were within their age-
specific reference range. Consequently, the authors
have suggested that age-based reference ranges for
TSH should be considered (Bremner et al. 2012).

Moreover, arecentlongitudinal study from Western
Australia (Busselton survey), for the first time,
showed that serum TSH increases (mean increase of
0.32 mIU/L over 13 years) with no significant change
in FT4 concentrations with aging (Bremner et al.
2012). Similarly, another longitudinal thyroid func-
tion evaluation in a very elderly subgroup (mean age
85 years) of the Cardiovascular Health Study (All
Stars Study) found that serum TSH increased by 13%
over an average of 13 years of follow-up associated
with a 1.7% increase in FT4 and a 13% reduction in
total T3 levels (Surks and Hollowell 2007; Waring et
al. 2012).

It has been reported that estradiol concentra-
tions increase TSH concentrations by antagonizing
the feedback inhibition of TSH synthesis by T3
(Yarwood et al. 1993). This might justify our findings
that ex-users of oral contraceptives are more likely to
have their TSH returning to reference range during
the follow-up.

The effect of reaching menopause on the thyroid
hormonal status has some controversies. Some results
suggest it is the age factor effect, more than hormonal
impact on serum TSH activities among the post-
menopausal and older women. TSH levels were lower,
when compared to the pre-menopausal women who
had increased activities of serum TSH (Hershman
et al. 1993; Mariotti et al. 1993; Pearce 2007). These
studies have suggested that this type of scenario may
be age-related and could have been influenced by the
pituitary gland. Several studies reported that the TSH
levels did not differ according to menopausal status
(Sowers et al. 2003). A recent study from Tehran eval-
uated the effect of menopause on thyroid function
test based on follow-up for six years. Results showed
no association of TSH with reproductive hormone
concentrations, including estradiol, following adjust-
ment for age, BMI, clinical site and smoking behavior
(Amouzegar et al. 2017).

One of the limitations of our study is that we did
not conduct baseline ultrasound for participants
in this study for research purposes to correlate
biochemical tests changes with U/S findings. It might
be suggested to utilize baseline ultrasound instead of
the biochemical tests in decisions related to initia-
tion of replacement therapy for subclinical hypothy-
roidism. Studies indicated that ultrasound findings
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did not predict persistence of SCH as opposed to a
spontaneous return to the euthyroid state (Shin et al.
2010). This emphasizes the importance of our results
in decisions related to management of SCH upon
diagnosis. Another limitation might be the duration
of follow-up of six months rather than for a longer
period. Our primary objective was to identify those
who would develop biochemical hypothyroidism
during the first six months and therefore require
immediate replacement instead of repeat TSH.

Conclusions

In conclusion, our study showed that female
participants with TSH above 6.9 mIU/L, particularly
those with FT3 and FT4 in the lower half of the refer-
ence range, are more likely to develop biochemical
hypothyroidism. Therefore, it is recommended to
give them a trial of levothyroxine replacement for
prevention of further progress of the disease, treat-
ment of subtle or overt hypothyroidism symptoms,

and normalization of their cardiovascular disease
risk such as lipid profile. It is also recommended to
repeat TSH after six months for male subjects and
participants with baseline TSH equal or less than 6.9
mIU/L. Presence of TPO positivity is very important
independent predictor of development of hypothy-
roidism, however, patients could have a temporary
positivity due to transient thyroiditis. Therefore, TSH
above 6.9 mU/L remains the most important factor
for prediction of the disease progression from all
studied variables.
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