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Abstract
Our study aimed to describe levothyroxine prescription patterns and trends over time 
among	pregnant	women	with	subclinical	hypothyroidism	(SCH)	in	the	United	Kingdom.
We	used	data	from	the	Clinical	Practice	Research	Datalink	linked	to	its	Pregnancy	

Register	and	the	Hospital	Episode	Statistics	database	from	1998	to	2017.	The	study	
population	included	women	with	a	diagnosis	of	SCH	or	an	abnormal	thyroid-	simulated	
hormone	(TSH)	level	one	year	prior	to	or	during	pregnancy.	We	compared	characteris-
tics between women who received a prescription for levothyroxine during pregnancy 
and	those	who	did	not.	We	further	described	the	timing,	dose,	duration,	and	temporal	
trends of levothyroxine prescriptions.
Our	cohort	included	6,757	pregnancies	from	6,287	women	with	SCH,	of	whom	10%	

received	 levothyroxine	during	pregnancy.	Among	women	who	 received	 levothyroxine,	
most	received	their	first	prescription	during	the	first	trimester	(median	gestational	age:	
7	weeks;	 interquartile	 range	 [IQR]:	0,	16)	with	a	median	daily	dosage	of	50	mcg	 (IQR:	
50,	73).	Levothyroxine	prescription	varied	over	time,	decreasing	from	23%	of	pregnant	
women	in	1998	to	7.5%	in	2003,	remaining	stable	until	2014,	and	increasing	to	12.5%	in	
2016.	Smoking,	diabetes,	polycystic	ovary	syndrome,	infertility,	timing	of	SCH	diagnosis,	
age,	TSH	level	at	diagnosis,	and	general	practice	regions	were	associated	with	prescription.
Few	women	with	SCH	received	levothyroxine	during	pregnancy,	and	treatment	varied	

by patient characteristics and geographical regions. These results highlight the need to 
increase awareness among healthcare providers and will guide future studies that explore 
barriers	to	initiating	levothyroxine	treatment	for	women	with	SCH	during	pregnancy.
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1  |  INTRODUC TION

Subclinical	 hypothyroidism	 (SCH)	 commonly	 occurs	 during	 preg-
nancy,	 resulting	from	the	 increased	metabolic	demands	that	occur	
throughout	pregnancy.	It	affects	2%–	2.5%	of	pregnancies	and	is	de-
fined	as	having	thyroid-	stimulating	hormone	(TSH)	levels	above	the	
trimester-	specific	reference	with	a	normal	thyroxine	level.1	Although	
current	literature	is	inconsistent,	some	studies	suggest	that	SCH	is	
associated	with	 an	 increased	 risk	 of	 adverse	 pregnancy	outcomes	
(e.g.,	pregnancy	loss).2,3

Although	 the	 benefits	 of	 treating	 overt	 hypothyroidism	 during	
pregnancy	are	well-	established,4	 current	evidence	 for	 treating	SCH	
during pregnancy is inconclusive.5–	7 Due to potentially adverse conse-
quences	of	SCH	on	mothers	and	infants,	guidelines	from	the	European	
Thyroid	Association1 and Endocrinology Society8 recommend the use 
of	levothyroxine	for	all	women	diagnosed	with	SCH	during	pregnancy.	
In	contrast,	the	American	Thyroid	Association	(ATA)4,9 recommends 
treatment	of	SCH	(TSH	level	>2.5 and <10	mU/L	in	2011	guidelines;	
TSH	 level	 above	 the	 pregnancy-	specific	 reference	 range	 in	 2017	
guidelines)	in	the	presence	of	thyroid	peroxidase	antibodies	(TPOab).	
Despite	these	recommendations,	little	is	known	about	levothyroxine	
use	for	SCH	during	pregnancy	in	real-	world	settings.	Previous	studies	
reported the prevalence of levothyroxine prescribed among women 
with	SCH	during	pregnancy,	which	ranged	from	14%	to	22%	and	var-
ied with patient characteristics and clinical specialties of the prescrib-
er.10–	13	However,	studies	of	contemporary	trends	are	lacking,	and	few	
reported	treatment	patterns	of	levothyroxine	(e.g.,	timing,	dose,	du-
ration).	Furthermore,	most	of	the	previous	studies	were	single-	center	
studies,10,11	with	only	 one	population-	based	 study	 among	privately	
insured	patients	in	the	United	States	(US).13

Our study aimed to examine the use of levothyroxine among 
women	with	SCH	during	pregnancy	using	data	 from	a	population-	
based	cohort	in	the	United	Kingdom	(UK).	Our	primary	objective	was	
to	describe	demographic,	medical,	and	obstetric	history	for	women	
with	SCH	prescribed	 levothyroxine	during	pregnancy,	prescription	
patterns	for	levothyroxine,	and	prescription	trends	for	levothyroxine	
over time.

2  |  MATERIAL S AND METHODS

2.1  |  Data source

Our study cohort was constructed using the Clinical Practice 
Research	 Datalink	 (CPRD)	 Gold,14	 a	 population-	based	 clinical	 da-
tabase from >700	 general	 practitioner	 practices	 in	 the	 UK.	 The	
CPRD	 includes	 information	 on	 demographics,	 medical	 diagno-
ses,	prescriptions,	 lifestyle	variables	 (e.g.,	body	mass	 index	[BMI]),	
laboratory	 test	 results,	 and	 clinical	 measures.	 Medical	 diagnoses	
and prescriptions are classified using Read Codes and the British 
National	 Formulary,	 respectively.	 Information	 on	 pregnancy	 was	
obtained from the CPRD Pregnancy Register.15	We	linked	CPRD	to	
the	Hospital	 Episode	 Statistics	 Admitted	 Patient	 Care	 (HES	APC)	

database	and	the	Office	for	National	Statistics	(ONS)	database	for	
information	on	hospitalizations	and	deaths,	respectively.	HES	con-
tains	 in-	hospital	diagnoses	recorded	using	the	10th	version	of	the	
International	 Classification	 of	 Diseases	 (ICD-	10)	 and	 procedures	
recorded using the 4th version of the Classification of Surgical 
Operations	 and	 Procedures	 (OPCS-	4)	 codes,	 which	were	 used	 to	
supplement	diagnoses	in	the	CPRD	used	to	identify	comorbidities,	
exclusion	criteria,	and	censoring	events.	ONS	uses	ICD-	9	 (prior	to	
2001)	and	 ICD-	10	codes	 to	 record	diagnoses.	We	 linked	CPRD	to	
the Index of Multiple Deprivation16 to obtain neighborhood depri-
vation	scores	to	approximate	socioeconomic	status.	Linked	data	are	
available	for	approximately	76%	of	English	practices	(58%	of	prac-
tices	overall)	starting	on	April	1,	1997.	The	data	quality	in	CPRD	and	
its	 linkage	with	other	data	has	been	previously	validated.17-	19 The 
study	cohort	was	restricted	to	patients	who	were	 linkable	to	HES	
because	women	with	SCH	are	more	likely	to	be	followed	by	obste-
tricians and to deliver in a hospital.

The study protocol was approved by the Independent Scientific 
Advisory	Committee	of	 the	CPRD	 (protocol	number:	19_022A3)	and	
the	Research	Ethics	Board	of	the	Jewish	General	Hospital	in	Montreal,	
Canada. The study protocol was made available to journal reviewers.

2.2  |  Study population

We	included	pregnancies	of	women,	aged	15	to	45	years,	with	a	re-
corded	SCH	diagnosis	(identified	by	Read	codes	in	CPRD	and	by	ICD-	
10	code	E.02	in	HES)	or	an	abnormal	TSH	value	as	defined	below	in	
the year prior to or during pregnancy. Inclusion was restricted to 
pregnancies	starting	between	April	1,	1998	to	March	31,	2017.	This	
would ensure enough time to observe the entire pregnancy before 
the	 end	 of	 the	 study	 period	 (March	 31,	 2018).	We	 extended	 the	
observation time to the year prior to pregnancy to better capture 
women	with	SCH	not	captured	at	prenatal	visits.	An	abnormal	TSH	
value was defined as >4 and <10	mU/L	prior	 to	pregnancy20 and 
>2.5 and <10	mU/L	during	pregnancy.	Cohort	entry	was	defined	by	
the	date	of	SCH	diagnosis	or	first	abnormal	TSH	value	or	by	the	start	
of	pregnancy,	whichever	occurred	last.

A	set	of	decision	rules	were	used	to	reconcile	overlapping	preg-
nancies and remove duplicate pregnancy records. If overlapping 
pregnancies	had	the	same	outcomes,	we	kept	the	earlier	record;	for	
different	 outcomes,	we	 prioritized	 records	 in	 the	 following	 order:	
stillbirth,	livebirth,	induced	abortion,	spontaneous	abortion,	and	un-
known	outcomes.

Information in the CPRD Pregnancy Register was supplemented 
with	data	reported	in	the	HES	(Appendix).	To	increase	validity,	preg-
nancies	with	 unknown	outcomes	 and	 implausible	 gestational	 ages	
(<168	days	for	livebirth	and	stillbirth;	<14 days for early pregnancy 
loss)	were	excluded.

We excluded pregnancies of women with <1 year of observa-
tion time in the CPRD at the start of pregnancy to ensure sufficient 
time	 to	 assess	medical	 history.	 In	 addition,	we	 excluded	 pregnan-
cies	of	women	with	a	history	of	treated	hypothyroidism,	defined	as	
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ever having received a levothyroxine prescription and either a diag-
nostic	 code	 for	hypothyroidism	 (including	myxoedema,	 thyroiditis,	
Hashimoto's	disease)	or	a	TSH	value	≥10	mU/L	prior	to	cohort	entry.	
We also excluded pregnancies of women with histories of thyroid 
cancer,	 hyperthyroidism	 (including	Graves’	 disease,	 thyrotoxicosis,	
toxic	goiter),	and/or	thyroidectomy	to	avoid	including	women	using	
levothyroxine	 for	other	 indications.	Finally,	pregnancies	of	women	
with a contraindication for levothyroxine21 were excluded.

All	pregnancies	were	followed	from	cohort	entry	until	the	end	of	
the pregnancy or censoring due to the earliest of the following: the end 
of	registration	in	the	CPRD,	diagnosis	of	thyroid	disorders	other	than	
SCH,	a	TSH	level	≥10	mU/L,	or	contraindication	for	levothyroxine.	The	
time intervals used for cohort construction are illustrated in Figure S1.

2.3  |  Levothyroxine use

Levothyroxine	 use	 was	 defined	 as	 having	 ≥1	 prescription	 during	
pregnancy or a prescription prior to cohort entry that overlapped 
with the cohort entry date. The prescription duration was based on 
the	number	of	recorded	days	or	derived	as	the	quantity	of	medica-
tion divided by the recommended dosage.

2.4  |  Baseline characteristics

We	assessed	 the	 following	variables:	practice-	level	 factors	 (region	
in	 the	UK,	 Index	of	Multiple	Deprivation	at	 the	practice	 location),	
maternal	demographics	 (age,	race/ethnicity),	 lifestyle	factors	 (BMI,	
smoking	status,	excessive	alcohol	use),	characteristics	of	the	current	
pregnancy	 (gravidity,	 parity,	multiple	 gestation,	 year	 of	 pregnancy	
started),	 comorbidities	 (diabetes,	 hypertension,	 rheumatoid	 arthri-
tis,	 polycystic	 ovary	 syndrome,	 infertility),	 and	 obstetric	 history	
(miscarriage,	 stillbirth,	 infant	 mortality,	 preterm	 birth,	 gestational	
diabetes,	hypertensive	disorder	 in	pregnancy).	Comorbidities	were	
defined	using	Read	codes	in	the	CPRD	and	ICD-	10	codes	in	HES	or	
by	a	prescription	of	a	disease-	specific	medication	before	the	start	of	
pregnancy.	BMI	and	smoking	were	defined	using	the	last	recorded	
measurement in the 3 years prior to pregnancy. Race/ethnicity was 
classified	 using	 five	 categories:	White	 (British,	 Irish,	 other	 white),	
South	 Asian	 (Bangladeshi,	 Indian,	 Pakistani,	 other	 Asian),	 Black	
(African,	Caribbean,	Black	British);	Mixed	(White	and	Asian,	White	
and	African,	White	and	Caribbean,	other	mixed),	and	other.22

2.5  |  Statistical analysis

2.5.1  |  Primary	analyses

We compared the distributions of patient characteristics between 
women receiving and not receiving levothyroxine during pregnancy. 
Categorical variables were presented as counts and percentages; 
continuous variables were summarized as means and standard 

deviations.	 Absolute	 standardized	 differences	 >0.1 between two 
treatment groups were considered important.23

Patterns of levothyroxine prescription were described by the 
daily	 dose	of	 the	 first	 prescription	during	pregnancy,	 dose	 adjust-
ment	during	pregnancy,	proportion	of	use	by	gestational	 age,	 and	
median duration of use during pregnancy. The duration of use was 
also	reported	by	the	proportion	of	patient	follow-	up	time	to	account	
for different cohort entry times and lengths of pregnancy. We used 
the	Kaplan–	Meier	approach	to	estimate	the	cumulative	incidence	of	
levothyroxine	use	during	follow-	up.	We	conducted	analyses	overall	
and	by	the	timing	of	SCH	diagnosis.

Temporal trends in the prescription of levothyroxine during 
pregnancy were described as the proportion of pregnancies exposed 
by	calendar	year,	defined	by	the	pregnancy	start	date	and	grouped	
by	 fiscal	 year	 (April	 to	March).	 ATA	Guidelines4	 suggest	 that	 TSH	
levels	 at	 SCH	 diagnosis	 are	 the	 main	 determinant	 for	 prescribing	
levothyroxine.	Therefore,	we	assessed	whether	 the	distribution	of	
TSH	levels	at	diagnosis	varied	over	time	between	treatment	groups;	
we	stratified	these	analyses	by	TSH	cutoffs	used	to	diagnose	SCH,	
which differ prepregnancy and during pregnancy.

We used multivariable logistic regression to determine char-
acteristics independently associated with the prescription of 
levothyroxine	for	SCH	during	pregnancy,	including	all	patient-	level	
and	practice-	level	characteristics.	We	included	all	of	the	variables	
of interest in the model without applying any additional variable 
selection since our goal was not to develop a formal prediction 
model. Several variables had missing values in our analytic cohort: 
BMI	 (30%),	 multiple	 pregnancies	 (21%),	 smoking	 status	 (17%),	
race/ethnicity	(1%),	and	TSH	level	at	diagnosis	(0.1%).	We	used	the	
multiple	imputations	by	the	chained	equations	method24 to impute 
missing	values	and	generated	10	complete	datasets.	Rubin's	rule25 
was used to combine coefficients across the imputed datasets. 
Our imputation models included the variables listed in the base-
line	characteristics	section	with	less	than	40%	missing	values,	TSH	
level	 at	 diagnosis,	 gestational	 age,	 and	 levothyroxine	 treatment.	
We assumed the missing data mechanism was missing at random.

2.5.2  |  Sensitivity	analyses

The	definition	of	SCH	varied	throughout	our	study	period	(1998–	
2017);	therefore,	we	examined	levothyroxine	prescription	rates	in	
cohorts	 defined	 using	 various	 definitions	 of	 SCH	 to	 explore	 the	
potential impact of diagnoses on the rates of prescriptions for lev-
othyroxine.	For	women	without	a	SCH	diagnostic	code,	we	defined	
SCH	using	four	different	laboratory	measurements:	(1)	A	TSH	value	
within	 the	trimester-	specific	abnormal	 range	defined	as	prepreg-
nancy: >4 and <10	 mU/L;	 first-	trimester:	 >2.5 and <10	 mU/L;	
second and third trimester: >3 and <10	mU/L9	 (2)	 An	 abnormal	
TSH	value,	defined	>4 and <10	mU/L	prepregnancy	and	>2.5 and 
<10	mU/L	 during	 pregnancy,	with	 a	 normal	 free	 thyroxine	 (FT4)	
value	 (≥9	pmol/	dL)26	 (3)	An	abnormal	TSH	value	defined	by	 the	
trimester-	specific	TSH	threshold	and	a	normal	FT4	value	(4)	A	TSH	
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value >4	mU/L	and	a	normal	FT4	value.	About	half	of	the	women	in	
our	cohort	had	a	prescribed	FT4	test	within	a	week	after	an	abnor-
mal	TSH	value.	Therefore,	we	adopted	two	approaches:	one	was	to	
constrain	to	those	with	prescribed	FT4	tests,	and	the	other	was	to	
impute FT4 values for those without a prescribed test.

All	statistical	analyses	were	performed	in	SAS	9.4	(SAS	Institute)	
and	R	3.6.

3  |  RESULTS

3.1  |  Patient characteristics

Our	 study	 cohort	 included	 6,757	 pregnancies	 from	6,287	women	
with	SCH	(Figure	1),	and	the	median	follow-	up	time	was	221	days	
(IQR:	 84,	 272).	 Characteristics	 of	 patients	 with	 SCH	 diagnosed	
prepregnancy	were	similar	to	those	diagnosed	during	pregnancy,	ex-
cept	for	obesity	and	history	of	infertility	(Table	S1).	Among	women	
diagnosed	during	pregnancy,	 the	median	gestational	week	of	SCH	
diagnosis	was	8	weeks	(IQR:	4,	18).	A	total	of	644	(10%)	women	with	
SCH	were	prescribed	levothyroxine	during	pregnancy.

The	characteristics	of	pregnant	women	with	SCH	were	described	
by	treatment	status	(Table	1).	Compared	to	women	who	were	not	pre-
scribed	 levothyroxine,	 women	 prescribed	 levothyroxine	 were	 more	
likely	 older,	 self-	reported	 as	 white,	 overweight	 or	 obese,	 and	 non-	
smokers.	They	were	also	more	likely	to	be	registered	with	general	prac-
tices	 in	 less	deprived	areas,	diagnosed	with	SCH	prior	 to	pregnancy	
or	during	the	second	trimester,	have	higher	TSH	values	at	diagnosis,	
and higher gravidity and parity. They also had a higher prevalence of 
comorbidities,	 including	 histories	 of	 diabetes,	 polycystic	 ovary	 syn-
drome,	or	infertility;	obstetrical	histories	were	similar	between	the	two	
groups. The distribution of geographic regions of general practitioner 
practices differed among treated and untreated women.

3.2  |  Characteristics of levothyroxine prescription

Among	 women	 prescribed	 levothyroxine,	 most	 received	 a	 pre-
scription	 within	 60	 days	 after	 cohort	 entry	 and	 50%	 were	 pre-
scribed	within	8	days	(IQR:	0,	39)	of	cohort	entry	(Figure	S2).	The	
median	gestational	age	at	first	prescription	was	7	weeks	 (IQR:	0,	
16),	 and	 the	median	 daily	 dose	 at	 first	 prescription	was	 50	mcg	
(IQR:	50,	72.6)	(Figure	S3).	These	women	received	a	median	num-
ber	of	four	prescriptions	(IQR:	2,	6),	and	17%	of	patients	only	re-
ceived	one	during	pregnancy.	Approximately	46%	of	women	had	
a	 dose	 adjustment	 during	 pregnancy,	 with	 a	 median	 of	 3	 (IQR:	
2,	 5)	 adjustments	 during	 follow-	up.	 The	majority	 of	 dose	 adjust-
ments	occurred	during	the	second	and	third	trimesters	(1st	trimes-
ter:	23%,	2nd	trimester:	40%,	3rd	trimester:	37%),	with	a	median	
dose	adjustment	of	50	mcg	(25,	75).	Half	of	the	women	prescribed	
levothyroxine	 received	prescriptions	 for	≥80%	of	 their	 follow-	up	
(Figure	S4),	and	the	median	overall	duration	of	use	was	144	days	
(IQR:	 72,	 216).	 Among	 women	 prescribed	 levothyroxine	 during	
pregnancy,	 the	 proportion	 of	 use	 varied	 by	 gestational	 age.	 The	
proportion of use was lower in the first trimester and rapidly in-
creased	during	the	second	trimester;	about	85%	of	these	women	
were	used	throughout	the	third	trimester	(Figure	S5).	Compared	to	
women	diagnosed	with	SCH	prior	to	pregnancy,	women	diagnosed	
during pregnancy had a longer time to first levothyroxine prescrip-
tion	 (median	days	 [IQR]:	 19	 [7,	 47]	 vs.	 0	 [0,	 19])	 (Figure	S2).	 The	
daily dose during pregnancy was higher among those diagnosed 
during the second or third trimesters compared to those diagnosed 
prior	to	pregnancy	or	during	the	first	trimester	(median	[IQR]:	75	
[50,100]	vs.	50	[50,100]	mcg)	(Figure	S3).	Women	diagnosed	dur-
ing	pregnancy	also	had	fewer	total	days	of	use	(median	[IQR]:	117	
[57,	171]	vs.	191	[82,	254])	and	a	smaller	proportion	of	their	follow-
	up	time	using	levothyroxine	(median	[IQR]:	71	[54,	88])	vs.	87	[67,	
98])	(Figure	S4).

F I G U R E  1 Flowchart	of	analytic	
cohort selection of pregnant women with 
subclinical hypothyroidism in the United 
Kingdom,	Clinical	Practice	Research	
Datalink	and	Hospital	Episode	Statistics	
databases,	1998–	2017.	S:	based	on	data	
regulations	for	CPRD,	for	cell	counts	<5,	
more than 1 cell needs to be suppressed 
to	avoid	being	back	calculated
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TA B L E  1 Characteristics	of	pregnant	women	with	subclinical	hypothyroidism	in	the	United	Kingdom	between	1998	and	2017,	by	
levothyroxine treatment statusa

Total pregnancy
(n = 6,757)

Not prescribed 
levothyroxine
(n = 6,093)

Prescribed
levothyroxine
(n = 664)

Standardized
difference

Age,	(year),	n	(%) 0.407

<20 369	(5.5) 359	(5.9) 10	(1.5)

20–	29 2,113	(31.3) 1,983	(32.5) 130	(19.6)

>29 4,275	(63.3) 3,751	(61.6) 524	(78.9)

Timing	of	SCH	diagnosis,	n	(%) 0.309

Prepregnancy 2,860	(42.3) 2,507	(41.1) 353	(53.2)

First trimester 2,548	(37.7) 2,357	(38.7) 191	(28.8)

Second trimester 851	(12.6) 755	(12.4) 96	(14.5)

Third trimester 498	(7.4) 474	(7.8) 24	(3.6)

TSH	level	at	diagnosis,	mean	(SD)

SCH	diagnosed	prepregnancy 5.3	(1.3) 5.2	(1.2) 6.0	(1.5) 0.604

SCH	diagnosed	during	pregnancy 3.6	(1.2) 3.5	(1.1) 4.7	(1.8) 0.814

Race/ethnicity,	n	(%) 0.102

White 5,615	(83.1) 5,061	(83.1) 554	(83.4)

Mixed 96	(1.4) 83	(1.4) 13	(2.0)

South	Asian 723	(10.7) 650	(10.7) 73	(11.0)

Black 141	(2.1) 134	(2.2) 7	(1.1)

Others 182	(2.7) 165	(2.7) 17	(2.6)

Year	pregnancy	started,	n	(%) 0.115

1998–	2003 761	(11.3) 680	(11.2) 81	(12.2)

2004–	2009 2,676	(39.6) 2,442	(40.1) 234	(35.2)

2010–	2014 2,711	(40.1) 2,436	(40.0) 275	(41.4)

2015–	2017 609	(9.0) 535	(8.8) 74	(11.1)

Index	of	multiple	deprivation	(practice-	level),	n	(%) 0.299

1	(least	deprived) 1,209	(17.9) 1,047	(17.2) 162	(24.4)

2 1,216	(18.0) 1,091	(17.9) 125	(18.8)

3 1,215	(18.0) 1,082	(17.8) 133	(20.0)

4 1,414	(20.9) 1,271	(20.9) 143	(21.5)

5 1,703	(25.2) 1,602	(26.3) 101	(15.2)

Region	in	the	United	Kingdom	(practice-	level),	n	(%) 0.320

North	East 191	(2.8) 164	(2.7) 27	(4.1)

North	West 1,050	(15.5) 995	(16.3) 55	(8.3)

Yorkshire	&	The	Humber 172	(2.5) 151	(2.5) 21	(3.2)

East Midlands 175	(2.6) 162	(2.7) 13	(2.0)

West Midlands 843	(12.5) 764	(12.5) 79	(11.9)

East of England 641	(9.5) 550	(9.0) 91	(13.7)

South West 844	(12.5) 773	(12.7) 71	(10.7)

South Central 956	(14.1) 856	(14.0) 100	(15.1)

London 1,100	(16.3) 996	(16.3) 104	(15.7)

South East Coast 785	(11.6) 682	(11.2) 103	(15.5)

Body	mass	index	(kg/m2)b ,	n	(%) 0.096

Underweight	(<18.5) 168	(2.5) 153	(2.5) 15	(2.3)

Normal	weight	(18.5–	24.9) 2,624	(38.8) 2,392	(39.3) 232	(34.9)

(Continues)
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3.3  |  Temporal trends of levothyroxine prescription 
during pregnancy

The proportion of women prescribed levothyroxine during preg-
nancy	 varied	 across	 calendar	 years	 (Figure	 2),	 decreasing	 from	
23%	in	1998	to	7.5%	in	2003,	with	the	prevalence	of	use	remain-
ing	 stable	 until	 2014	 before	 increasing	 to	 12.5%	 in	 2016.	 The	

magnitude	of	the	difference	in	TSH	at	diagnosis	between	patients	
prescribed and not prescribed levothyroxine varied over calendar 
time.	The	difference	in	TSH	level	between	two	groups	was	much	
smaller	 in	 more	 recent	 years	 (2014–	2017),	 since	 TSH	 levels	 of	
women using levothyroxine decreased over time. This trend was 
more	pronounced	in	women	with	SCH	diagnosed	during	pregnancy	
(Figure	3).

Total pregnancy
(n = 6,757)

Not prescribed 
levothyroxine
(n = 6,093)

Prescribed
levothyroxine
(n = 664)

Standardized
difference

Overweight	(25–	29.9) 2,478	(36.7) 2,213	(36.3) 265	(39.9)

Obesity	(≥30) 1,487	(22.0) 1,335	(21.9) 152	(22.9)

Smoking	statusb ,	n	(%) 0.234

Non-	smoker 4,338	(64.2) 3,871	(63.5) 467	(70.3)

Ex-	smoker 1,056	(15.6) 941	(15.4) 115	(17.3)

Current	smoker 1,363	(20.2) 1,281	(21.0) 82	(12.3)

Excessive alcohol usec ,	n	(%) 263	(3.9) 247	(4.1) 16	(2.4) 0.093

Comorbiditiesc 

Diabetes	mellitus,	n	(%) 377	(5.6) 314	(5.2) 63	(9.5) 0.167

Hypertension,	n	(%) 333	(4.9) 299	(4.9) 34	(5.1) 0.010

Rheumatoid	arthritis,	n	(%) 129	(1.9) 112	(1.8) 17	(2.6) 0.049

Polycystic	ovary	syndrome,	n	(%) 476	(7.0) 405	(6.6) 71	(10.7) 0.144

Infertility,	n	(%) 1,462	(21.6) 1,274	(20.9) 188	(28.3) 0.173

Gravidity,	n	(%) 0.115

0 2,540	(37.6) 2,314	(38.0) 226	(34.0)

1–	2 3,190	(47.2) 2,846	(46.7) 344	(51.8)

3–	4 815	(12.1) 736	(12.1) 79	(11.9)

≥5 212	(3.1) 197	(3.2) 15	(2.3)

Parity,	n	(%) 0.102

0 3,408	(50.4) 3,092	(50.7) 316	(47.6)

1–	2 2,957	(43.8) 2,643	(43.4) 314	(47.3)

3–	4 340	(5.0) 308	(5.1) 32	(4.8)

≥5 52	(0.8) S S

Multiple	gestations,	n	(%) 59	(0.9) S S 0.015

Obstetrics historyc 

Miscarriage,	n	(%) 1,437	(21.3) 1,276	(20.9) 161	(24.2) 0.079

Stillbirth,	n	(%) 57	(0.8) 51	(0.8) 6	(0.9) 0.007

Infant	mortality,	n	(%) 13	(0.2) S S 0.025

Preterm	birth,	n	(%) 279	(4.1) 256	(4.2) 23	(3.5) 0.038

Gestational	diabetes,	n	(%) 93	(1.4) 85	(1.4) 8	(1.2) 0.017

Hypertensive	disorder	in	pregnancy,	n	(%) 269	(4.0) 239	(3.9) 30	(4.5) 0.030

Abbreviations:	S,	based	on	data	regulations	for	CPRD,	for	cell	counts	<5,	more	than	1	cell	needs	to	be	suppressed	to	avoid	being	back	calculated;	
SCH,	subclinical	hypothyroidism;	SD,	standard	deviation;	TSH,	thyroid-	stimulating	hormone.
aThere	were	variables	with	missing	values:	BMI	(30%),	multiple	pregnancies	(21%),	smoking	status	(17%),	race/ethnicity	(1%),	TSH	level	at	diagnosis	
(0.1%).	For	these	variables,	the	numbers	represent	average	values	across	10	imputed	datasets	for	continuous	variables;	for	categorical	variables,	the	
mode of the proportions across 10 imputed datasets are presented.
bAssessed	using	the	last	recorded	measurement	within	3	years	prior	to	the	pregnancy.
cAssessed	in	any	time	prior	to	the	pregnancy.

TA B L E  1 (Continued)



    |  7 of 10YU et al.

3.4  |  Characteristics associated with levothyroxine 
prescription

Several	 patient	 and	 practice-	level	 characteristics	 were	 indepen-
dently	 associated	 with	 levothyroxine	 prescription	 (Figure	 S6).	
These	 included	 smoking,	 histories	 of	 diabetes,	 polycystic	 ovary	
syndrome,	or	infertility,	year	of	pregnancy,	timing	of	SCH	diagno-
sis,	age,	TSH	level	at	diagnosis,	deprivation	index,	and	geographic	
region of the general practice. We further examined the character-
istics related to remaining untreated among a subcohort of women 
who	indeed	received	a	SCH	diagnostic	code	or	had	a	relatively	high	
TSH	 (>4 and <10	mU/L)	within	 the	 abnormal	 range	 (Figure	 S7).	
Those who remained unprescribed levothyroxine in this subcohort 
were	more	likely	to	be	current	smoker,	younger	than	20,	without	
diabetes,	preganancy	started	prior	 to	2009,	diagnosed	with	SCH	
prior	 to	 pregnancy,	 and	 have	 low	 TSH	 values	 at	 diagnosis.	 They	
were	 also	more	 likely	 to	 be	 registered	with	 general	 practices	 in	
more deprived areas.

3.5  |  Sensitivity analyses

Using	 the	 various	 SCH	 definitions,	 the	 levothyroxine	 prescription	
rates	ranged	from	10%	to	14%	(Table	S2)	with	the	highest	rate	among	
those	with	SCH	defined	by	diagnostic	codes	or	by	a	TSH	>4	mU/L	
with a normal FT4 level. When comparing our two approaches to deal 
with	missing	FT4	values,	the	prescription	rates	were	slightly	higher	in	
the cohort constrained to those with prescribed FT4 tests than in the 

cohort	with	imputed	FT4	values	(Table	S2).	However,	the	characteris-
tics	of	women	with	a	FT4	test	prescribed	within	one	week	of	an	abnor-
mal	TSH	level	were	distinct	from	those	without	a	prescribed	test	(Table	
S3).	Thyroxine	levels	were	more	likely	to	be	tested	among	women	with	
SCH	diagnosed	prepregnancy	or	among	those	with	higher	TSH	levels	
and by general practices in specific geographic regions.

4  |  DISCUSSION

In	this	population-	based	cohort,	we	found	that	only	10%	of	women	
with	 SCH	 during	 pregnancy	were	 prescribed	 levothyroxine	 in	 the	
UK	between	1998	and	2017.	The	prescription	 rates	 remained	 low	
with	 the	highest	 rate	of	14%	when	applying	different	SCH	defini-
tions. Compared with women not prescribed levothyroxine during 
pregnancy,	women	prescribed	levothyroxine	were	more	likely	to	be	
older,	non-	smokers,	have	recorded	pregnancies	at	more	recent	years	
(2015–	2017),	have	higher	TSH	 levels	at	diagnosis,	and	histories	of	
diabetes,	polycystic	ovary	syndrome,	or	infertility.	Prescriptions	for	
levothyroxine also varied with geographic region and socioeconomic 
status.	Although	prescriptions	for	levothyroxine	increased	approxi-
mately	1.5-	fold	during	the	study	period,	prescription	rates	remained	
low	 (12.5%)	 in	2016–	2017.	 In	more	 recent	years,	TSH	 levels	at	di-
agnosis	 did	 not	 differ	 by	 treatment	 status.	 Among	 levothyroxine-	
treated	women,	most	were	prescribed	within	60	days	after	cohort	
entry and continued throughout pregnancy. Our results suggest that 
over	a	20-	year	period,	many	women	with	SCH	remained	untreated	
during pregnancy. The choice of whether to prescribe varied based 
on	pre-	existing	conditions	and	practice,	which	presents	an	oppor-
tunity to improve prescribing practices of levothyroxine for women 
with	SCH.

The	use	of	levothyroxine	for	women	with	SCH	during	pregnancy	
has been examined.11–	13 In a study11 conducted in a US medical 
center	of	366	women	with	SCH	from	2011	to	2013,	22%	received	
levothyroxine	during	pregnancy.	Another	US	population-	based	co-
hort12,13	 found	 only	 16%	 of	 women	 (n =	 5,405)	 were	 treated	 for	
SCH	during	pregnancy	from	2010	to	2014.	Both	studies	observed	
increasing trends in levothyroxine use over time. Compared to these 
studies,	our	study	showed	a	lower	proportion	of	women	prescribed	
(ranged	from	10	to	14%)	levothyroxine.	The	discrepancy	may	stem	
from	 different	 cohort	 compositions,	 since	 these	 studies	 excluded	
patients using levothyroxine prior to baseline and did not exclude 
patients with hypothyroidism.

Despite	 differences	 in	 study	 populations,	 characteristics	 of	
levothyroxine prescribing patterns in other studies are similar to 
ours	 regarding	median	 time	 to	 first	prescription	 (11	days	 [IQR:	4–	
15]),12	median	gestational	age	at	first	prescription	(9.1	weeks	[IQR:	
7.7–	11.5]).11	They	also	have	 similar	 treatment	duration	 (average	of	
88%	 of	 follow-	up	 times),12 and daily dosage at first prescription 
(50	mcg	[IQR:	25–	62.5]).12

Similar	 to	 previous	 studies,	 our	 study	 identified	 several	 char-
acteristics were associated with levothyroxine prescription during 
pregnancy	 including	older	age,	higher	TSH	 levels	at	diagnosis,	and	

F I G U R E  2 Levothyroxine	prescription	by	year	of	pregnancy	in	
women	with	subclinical	hypothyroidism	in	the	United	Kingdom,	
from	1998	to	2017.	Each	time	interval	starts	from	April	1	to	March	
31	of	the	next	year	SCH	= subclinical hypothyroidism
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thyroid disorder history.13	In	contrast	to	other	studies,11,13 we found 
that diabetes history was also associated with levothyroxine pre-
scription.	It	is	plausible	that	clinicians	were	encouraged	to	treat	SCH	
during	pregnancy	to	improve	the	management	of	diabetes,20,27 since 
hypothyroidism	has	been	linked	to	insulin	sensitivity28,29 and meta-
bolic abnormalities.30

There is currently no consensus regarding the clinical man-
agement	 of	women	with	 SCH	during	 pregnancy.	 This	 equipoise	 is	
well-	illustrated	 by	 the	 heterogeneity	 of	 recommendations	 among	
international treatment guidelines.1,4,8,9	In	addition,	this	equipoise	is	
reflected by the heterogeneity of practice patterns observed across 
geographic regions in our study. This is consistent with a US utiliza-
tion study that showed variations in prescribing patterns across dif-
ferent	specialists,13 as well as studies examining clinical perceptions 
of	practices	for	SCH	management	in	pregnancy.31,32 This heteroge-
neity may be explained by emerging concerns33 about the harms 
of	 overtreating,	 and	 uncertainties	 about	 the	 benefits	 of	 treating	
SCH	with	 levothyroxine	during	pregnancy.34-	36	Future	high-	quality	
studies are warranted to examine the safety and effectiveness of 
levothyroxine	for	women	with	SCH	on	health	outcomes	of	mothers	
and	their	offspring.	In	addition,	future	research	is	needed	to	better	
understand	the	clinician's	perception	and	barriers	to	levothyroxine	
treatment	among	patients	with	SCH.	This	research	may	help	improve	
the	clinical	consensus	on	the	management	of	SCH	during	pregnancy.

Our	 study	has	 several	potential	 limitations.	First,	 SCH	diagnosis	
may not be recorded at each encounter with a general practitioner in 
the	CPRD	and	point	of	care	(secondary/specialist	care)	where	patients	
received	SCH	diagnosis	may	also	impact	the	timing	of	recording	in	the	
CPRD.	Therefore,	we	added	a	1-	year	grace	period	prior	to	pregnancy	
to	 identify	SCH	diagnoses	among	women	who	may	not	have	a	SCH	
diagnosis recorded during prenatal visits. To account for the potential 
difference with respect to patient characteristics of women diagnosed 
prepregnancy	and	during	pregnancy,	we	described	treatment	patterns	
stratified	by	timing	of	SCH	diagnosis.	We	did	not	consider	 including	

women	with	a	SCH	diagnosis	beyond	1	year	prior	to	pregnancy	since	
we	were	interested	in	capturing	the	most	recent	episode	of	SCH	prior	
to pregnancy. To further understand the impact of extending the grace 
period,	we	conducted	a	sensitivity	analysis	using	a	3-	year	grace	period	
prior	to	pregnancy	to	capture	SCH	diagnoses.	We	identified	2,802	ad-
ditional	women	with	SCH,	however,	only	6%	of	them	were	prescribed	
levothyroxine during pregnancy which was lower than the rate of our 
main	analyses.	Second,	the	prevalence	of	SCH	diagnostic	codes	were	
very	low	in	our	cohort	(0.8%)	therefore,	we	leveraged	laboratory	mea-
surements	to	identify	women	with	SCH.	This	may	introduce	inaccu-
rate	SCH	ascertainment	which	may	potentially	result	in	low	observed	
levothyroxine	prescription	rates.	TSH	cutoff	levels	for	SCH	definitions	
evolved	throughout	the	study	period	(1998–	2017)	and	were	recom-
mended	to	be	tailored	based	on	ethnicity.	For	example,	in	2011,	ATA	
proposed	the	following	upper	limits	of	the	trimester-	specific	reference	
ranges	when	no	 local	 reference	available:	 first	 trimester:	2.5	mU/L;	
second	and	third:	3.0	mU/L,8,9	whereas	in	2014,	the	European	Thyroid	
Association	proposed	3.5	mU/L	for	the	third	trimester.1	In	2017,	ATA	
updated	the	upper	limits	at	the	first	trimester	as	4	mU/L.4	Therefore,	
we	conducted	a	series	of	sensitivity	analyses	adapting	different	TSH	
cutoff	levels	recommended	in	the	American	and	European	guidelines	
and found that the prescription rates were slightly higher than the 
rates	in	the	main	analyses	but	remained	relatively	low.	Third,	our	co-
hort	included	women	with	SCH	identified	from	CPRD	GOLD	and	HES,	
which include women receiving care from general practitioners or in 
hospitals.	Although	specialists	are	encouraged	to	send	patient	reports	
to	general	practitioners,	who	are	considered	the	gatekeepers	to	the	
UK	 healthcare	 systems,	 there	 is	 a	 possibility	 that	women	 receiving	
care	for	SCH	from	other	clinicians	(e.g.,	midwives,	obstetricians)	may	
not	be	included	in	our	study,	which	may	potentially	introduce	selec-
tion	bias.	Fourth,	thyroxine	level	was	not	used	as	part	of	our	defini-
tion	for	SCH	 in	 the	main	analysis	since	only	half	of	 the	women	had	
reported	values	within	a	week	of	their	TSH	measurement.	As	these	
women	 were	 highly	 selected	 with	 distinct	 characteristics,	 applying	

F I G U R E  3 Thyroid-	stimulating	hormone	level	at	diagnosis	by	levothyroxine	use	and	year	of	pregnancy	in	women	with	subclinical	
hypothyroidism	in	the	United	Kingdom,	from	1998	to	2017.	(A)	Among	women	with	subclinical	hypothyroidism	diagnosed	prepregnancy;	
(B)	Among	women	with	subclinical	hypothyroidism	diagnosed	during	pregnancy.	Distributions	of	thyroid-	stimulating	hormone	level	were	
presented	by	density	plots	with	vertical	lines	indicating	median	of	thyroid-	stimulating	hormone	level	of	each	distribution.	Rug	plots	under	
the	distributions	represent	the	counts	of	pregnancies	at	the	thyroid-	stimulating	hormone	level.	TSH	=	thyroid-	stimulating	hormone
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this criterion only to those with prescribed tests may result in se-
lection bias. This may partly explain the different prescription rates 
between this subcohort versus overall population with imputed FT4 
level	 in	our	sensitivity	analyses.	Lack	of	uniform	testing	was	seen	in	
a study37	 in	which	only	one-	third	of	women	were	prescribed	a	 thy-
roxine	 test.	 To	 avoid	 including	 overt	 hypothyroidism,	 we	 excluded	
women with a history of treated hypothyroidism prior to cohort entry. 
Fifth,	previous	studies	have	shown	benefits	of	treating	women	who	
present as TPOab positive.38,39	However,	we	were	not	able	to	assess	
if TPOab is associated with levothyroxine prescription because only 
3%	of	women	had	tests	within	two	weeks	of	their	TSH	measurement.	
Similar	to	thyroxine	tests,	TPOab	testing	was	not	routinely	performed	
in	clinical	practice	during	the	study	period.	Sixth,	there	 is	the	possi-
bility for exposure misclassification since the CPRD does not capture 
drugs prescribed during hospitalization or by specialists. We expect 
the number of affected patients to be low since most outpatient pre-
scriptions	 in	 the	UK	 are	 from	general	 practitioners.	 In	 addition,	 for	
those patients who were prescribed levothyroxine initially by special-
ists,	their	general	practitioners	would	usually	receive	reports	and	rec-
ommendations	for	continued	use	from	specialists.	Based	on	our	study,	
we	found	most	exposed	women	(83%)	received	multiple	prescriptions	
during	pregnancy.	Although	we	may	not	be	able	to	capture	the	earliest	
prescription	from	specialists,	we	were	able	to	capture	subsequent	pre-
scriptions	written	by	general	practitioners.	Upon	further	examination,	
women receiving only one prescription had a slightly longer time from 
cohort entry to treatment initiation compared to those who received 
multiple	prescriptions	 (median	15	days	 [IQR:	2,	47]	vs.	6	days	 [IOR:	
0,	35]).	This	suggests	that	missing	specialists’	prescriptions	likely	had	
a	modest	impact	on	our	study	results.	Finally,	for	women	diagnosed	
with	SCH	and	prescribed	treatment	before	pregnancy,	current	clini-
cal	 guidelines	 recommend	 that	 they	 self-	administer	 a	25–	30%	dose	
increase once aware of the pregnancy.4	This	self-	administered	dosage	
increase	is	not	reflected	in	our	dataset	and	therefore,	there	is	the	pos-
sibility	of	 an	under-	estimated	dose	of	 their	 first	 prescription	during	
pregnancy.

5  |  CONCLUSIONS

Our	 study	 found	 that	 a	 low	proportion	of	women	with	SCH	were	
prescribed levothyroxine during pregnancy and that prescriptions 
varied by patient characteristics and geographical region. These re-
sults	provide	insight	on	real-	world	utilization	of	levothyroxine	among	
women	with	SCH	during	pregnancy	and	trends	over	a	20-	year	period	
in	the	UK.	This	work	provides	an	opportunity	to	increase	awareness	
among healthcare professionals regarding the use of levothyroxine 
for	SCH	during	pregnancy	and	to	guide	future	studies	to	explore	bar-
riers	to	initiating	levothyroxine	treatment	among	women	with	SCH	
during pregnancy.
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