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ABSTRACT 

The aim of this study is to evaluate the adequacy of treatment, and to identify factors influencing treatment of 

hypothyroidism. Patients newly diagnosed with overt hypothyroidism (n=345) were identified via a register linked 

to a laboratory database. In selected periods with staff available, 165 patients were invited, and 113 (68.5 %) 

accepted participating in a comprehensive program including blood tests and completion of questionnaires. We 

performed a longitudinal follow-up on thyroid function tests 10 years after the diagnosis. Time to reach a serum 

TSH level of 0.2-10 mU/L (termed as clinically acceptable) and biochemical normalization (TSH: 0.2-5.0 mU/L), 

respectively, were analyzed using Kaplan Meier survival analysis. Predictors for longer duration to reach the nor-

mal TSH range were identified using cox proportional hazards regression. Only 67.7 % of the patients were in the 

euthyroid range on the long term after diagnosis of overt hypothyroidism (2 years: 59.4 %; 10 years: 67.7 %). 

Median time to the first normal TSH was 8.9 months (95 % CI: 7.6-10.2 months). The factors associated with 

longer duration until normalization of TSH after multivariate analysis were age (HR 0.79 per 10 years; 95 % CI: 

0.66-0.94; P = <0.01), smoking (HR 0.47; 95 % CI: 0.26-0.83; P = <0.01), serum TSH at diagnosis (HR 0.96 per 

10 mU/L; 95 % CI: 0.93-0.99; P = 0.02) and BMI (HR 0.96 per kg/m2; 95 % CI: 0.91-0.99; P = 0.03). A consid-

erable number of hypothyroid patients remained inadequately treated. When treating hypothyroid patients, special 

attention should be addressed to those patients who never or lately obtain euthyroid status. 

 

Keywords: Treatment, hypothyroidism, overt hypothyroidism, population-based study 
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INTRODUCTION 

Thyroid hormone replacement with syn-

thetic levothyroxine is considered the stand-

ard of care for treating hypothyroidism 

(Jonklaas et al., 2014). The therapeutic goals 

in hypothyroidism are to normalize serum 

TSH, relieve patients’ symptoms, avoid long-

term complications, and to avoid over-treat-

ment (Jonklaas et al., 2014). However, inade-

quate treatment is common in hypothyroid pa-

tients with only 43-68 % of the patients re-

ported to be in the euthyroid range (Parle et 

al., 1993; Canaris et al., 2000; Díez 2003; 

Somwaru et al., 2009; Okosieme et al., 2011; 

Vigário et al., 2013; Yavuz et al., 2017). 

Suboptimal thyroid hormone replacement 

may be harmful. Hypothyroidism is associ-

ated with increased serum lipids (Canaris et 

al., 2000; Duntas, 2002), increased psychiat-

ric morbidity (Thvilum et al., 2014a), im-

paired quality of life (Vigário et al., 2013; 

Winther et al., 2016) as well as loss of labor 

market income and increased risk of disability 

pension (Thvilum et al., 2014). Both under- 

and over-treatment are associated with in-

creased mortality (Walsh et al., 2005; 

Lillevang-Johansen et al., 2018; Thayakaran 

et al., 2019), cardiovascular disease (Walsh et 

al., 2005; Flynn et al., 2010; Rodondi et al., 

2010; Lillevang-Johansen et al., 2019), 

fractures (Flynn et al., 2010; Thayakaran et 

al., 2019) and cardiac arrhythmias (Sawin et 

al., 1991; Flynn et al., 2010). A review by 

Rodondi et al. (2010) comprising a large num-

ber of patients (n=55,287) showed that sub-

clinical hypothyroidism is associated with an 

increased risk of coronary heart disease 

events, including mortality in those with 

higher TSH levels, particularly in patients 

with a TSH of 10 mU/L or above (Rodondi et 

al., 2010). In an analysis of a large database 

of levothyroxine treated patients (n=17,684), 

Flynn et al. (2010) showed an increased risk 

of cardiovascular disease, dysrhythmias and 

fractures in patients with either elevated TSH 

(>4.0 mU/L) or a suppressed TSH (≤0.03 

mU/L). However, in low but detectable TSH 

concentrations (0.04-0.4 mU/L) no harmful 

events were registered. A registry-based case-

control study by Lillevang-Johansen et al. 

(2019) (n=216,894) showed a dose-response 

relationship between out-of-target TSH and 

cardiovascular disease, indicating that the du-

ration of over- or under-treatment of hypothy-

roidism might be of critical importance.  

The reasons for inadequate treatment vary 

and may include factors such as poor patient 

compliance, inappropriate dosage, malab-

sorption or concurrent use of medications in-

terfering with levothyroxine absorption 

(Morris, 2009). 

To our knowledge, no studies have inves-

tigated the length of time it takes to achieve 

biochemical normalization of thyroid func-

tion and which factors may predict the nor-

malization rate. This is relevant in order to set 

patients’ expectations and to identify groups 

who might need more attention from the treat-

ing physician.  

The objective of this study was to evaluate 

the adequacy of treatment in a 10-year follow-

up period after overt hypothyroidism was di-

agnosed. In addition, we wanted to identify 

clinical and demographic factors influencing 

the time needed to reach biochemical normal-

ization of thyroid function after overt hypo-

thyroidism was diagnosed. 

 

SUBJECTS AND METHODS 

The Danish Investigation of Iodine Intake 

and Thyroid Diseases (DanThyr) was estab-

lished in 1997 to monitor the Danish iodine 

fortification program (Rasmussen et al., 1996; 

Laurberg et al., 2006). The DanThyr program 

consists of three main parts including a pro-

spective identification of incident cases of 

overt thyroid dysfunction in an open popula-

tion cohort of 311,102 subjects from an area 

in and around the city of Aalborg in the North 

of Denmark. 

 

Patients 

A Register Database was linked to the la-

boratory at Aalborg University Hospital cov-

ering the whole cohort area. All subjects with 

elevated serum TSH (>5.0 mU/L) and low to-

tal T4 (<60 nmol/L) were identified by the 

Register Database as potential new cases of 
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overt hypothyroidism and subsequently, each 

subject was reviewed to verify or disprove the 

diagnosis (Pedersen et al., 2002). This was 

performed by contacting the physician who 

requested the thyroid function test (TFT) and 

by reviewing available hospital records and 

registers. Cases with no information of previ-

ous overt thyroid dysfunction were verified as 

new cases if they met at least one of three cri-

teria:  

 Sustained biochemical signs of overt hy-

pothyroidism after at least 3 weeks 

 Normalization of thyroid function within 

3 weeks due to levothyroxine replacement 

therapy 

 Normal thyroid function after 3 weeks 

without treatment but with a history sug-

gesting a transient condition of hypothy-

roidism, such as subacute thyroiditis 

(SAT) or its asymptomatic variant pain-

less thyroiditis; postpartum thyroid dys-

function (PPTD); medication-induced 

thyroid dysfunction (amiodarone and lith-

ium); radiation-induced thyroid dysfunc-

tion; or surgical manipulation of the thy-

roid gland (Pedersen et al., 2002)  

A few cases (n=11) did not meet any of 

these criteria. They were of older age (median 

age 76.3 years), and all died shortly after the 

blood test (all within 2 months), before a pre-

sumably confirmative test could be per-

formed. These patients were considered to be 

true hypothyroid cases but were excluded 

from further analysis in the present study. The 

process of identification and the various types 

of evaluation and control performed have 

been extensively described in a previous 

study (Pedersen et al., 2002). 

As described in detail by Carlé et al. 

(2006b), all incident cases of overt hypothy-

roidism were classified into subtypes. The 

two major types were spontaneous, presuma-

bly of autoimmune origin (Hashimoto’s Thy-

roiditis) (Carlé et al., 2006a, b) (n=273); and 

non-spontaneous (n=72). The non-spontane-

ous entities were further divided into PPTD 

(n=21); SAT (n=10); radiation or surgery in-

duced hypothyroidism (n=10); amiodarone- 

and lithium-induced hypothyroidism (n=19 

and 7, respectively); and congenital hypothy-

roidism (n=5).  

In the period from March 1997 to Decem-

ber 2000 (1,192,558 person-years of observa-

tion), we identified 345 patients with overt 

hypothyroidism (Figure 1). In selected peri-

ods with staff available, we invited 165 pa-

tients, of whom 113 (68.5 %) gave full partic-

ipation in a comprehensive investigational 

program. We only invited patients aged below 

80 years. 

 

 

Figure 1: Flowchart depicting the origin and se-
lection of hypothyroid cases (n=345) and partici-
pants in investigational program (n=113) during 
the study 

 

 

Investigational program 

As previously outlined in other studies, 

(Carlé et al., 2014, 2015, 2016) participants in 

the investigational program had their height 

and weight measured, underwent thyroid ul-

trasound investigation, had thyroid peroxi-

dase antibodies (TPOAb) and thyroglobulin 

antibodies (TgAb) measured and filled out a 

comprehensive questionnaire as previously 

described (Carlé et al., 2014, 2015, 2016). 
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The questionnaire covered a variety of symp-

toms and questions on educational level, 

smoking habits, alcohol consumption and 

comorbidities (acute myocardial infarction, 

angina pectoris, cardiac arrhythmia, hyper-

tension, cerebral stroke, epilepsy, diabetes 

mellitus, asthma, chronic obstructive pulmo-

nary disease, and gastrointestinal ulcer).  

 

Thyroid hormone and antibody  

measurement strategy and analyses  

Blood was drawn at investigation and 

stored at -20° C until analyzed in random or-

der. For all patients diagnosed with overt hy-

pothyroidism, we registered the specific se-

rum TSH and T4 concentration leading to the 

diagnosis of overt hypothyroidism. Further-

more, all the subsequent TFTs drawn and an-

alyzed at the Aalborg University Hospital la-

boratory were imported regularly into the 

Register Database. In some cases, T3 and T4 

were not measured if TSH were within the eu-

thyroid range (0.2 – 5.0 mU/L). 

All participating patients had their 

TPOAb and TgAb measured when visiting 

our Research Center. In addition, some non-

participants had TPOAb measured by their 

GPs a few weeks after the diagnosis was sus-

pected due to the first TFT. The subjects were 

considered as antibody-positive, if the anti-

body concentrations were above the func-

tional sensitivity indicated by the manufac-

turer (TPOAb+: >30 kU/L, TgAb+: >20 

kU/L). Details on TSH, T3, T4, TPOAb and 

TgAb analyses have been provided in previ-

ous publications (Pedersen et al., 2003; Carlé 

et al., 2006a).  

 

Biochemical thyroid status 

We performed a longitudinal follow-up 

on TFTs from the time of diagnosis and 10 

years onwards. We chose 11 reference points 

with well-defined time intervals: 1 month [½ 

-1½ months[, 2 months [1½ -2½ months[, 3 

months [2½ -4½ months[, 6 months [4½-7½ 

months[, 9 months [7½ -10½ months[, 12 

months [10½ months-1½ y[, 2 years [1½-2½ 

y[, 3 years [2½-3½ y[, 4 years [3½-4½ y[, 5 

years [4½-6 y] and 10 years [9-11 y]. If more 

than one TFT had been performed during the 

time interval, we chose the sample performed 

closest to the reference point. 

For all blood samples, thyroid status was 

classified into one of five groups: overt hypo-

thyroidism (TSH >5.0 mU/L and T4 <60 

nmol/L); subclinical hypothyroidism (TSH 

>5.0 mU/L and T4 ≥60 nmol/L); euthyroid-

ism (TSH 0.2-5.0 mU/L); subclinical hyper-

thyroidism (TSH <0.2 mU/L, T4 ≤140 

nmol/L and T3 ≤2.7 nmol/L); or overt hyper-

thyroidism (TSH <0.2 mU/L combined with 

T4 >140 nmol/L and/or T3 >2.7 nmol/L). Fur-

thermore, all blood samples were classified 

into additionally two clinically relevant 

groups in terms of avoiding potentially harm-

ful health consequences: one for samples 

within the clinically acceptable range (TSH 

0.2-10.0 mU/L) and one for those outside of 

this range (TSH <0.2 or >10 mU/L). The 

lower cut-off level was based on a general 

recommendation on avoiding thyroid hor-

mone excess due to potential deleterious 

health effects (Flynn et al., 2010; Jonklaas et 

al., 2014). The higher cut-off level was cho-

sen in line with various guidelines suggesting 

that subclinical hypothyroid patients with a 

serum TSH <10 mU/L may not require adjust-

ment of their thyroid function (Jonklaas et al., 

2014; Pearce et al., 2014). Furthermore; a 

meta-analysis showed that significantly in-

creased risk of cardiovascular mortality and 

morbidity was primarily observed in individ-

uals with TSH >10 mU/L (Rodondi et al., 

2010).  

 

Statistical analysis 

We used IBM Statistical Package for So-

cial Sciences (SPSS) version 27.0 for calcula-

tions and statistical analyses. Baseline charac-

teristics were summarized for participants and 

non-participants. Medians and interquartile 

ranges (IQR, 25th-75th percentile) were calcu-

lated. Time to the first normal and clinically 

acceptable TSH, respectively, were analyzed 

using Kaplan Meier survival analysis. Pa-

tients who never reached a normal or clini-

cally acceptable TSH, respectively, were cen-
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sored. Patients who were lost to follow-up, ei-

ther due to no further measurements or death, 

were censored at the time of the last TSH 

measurement (n=51). Patients who com-

pleted the entire follow-up period without bi-

ochemical normalization at any time were 

censored at the end of the follow-up (n=6).  

In the univariate analysis, quantitative 

variables were divided into subgroups. Me-

dian time to the first TSH within the normal 

range was calculated for all subgroups on all 

variables. We used Mann-Whitney U-test and 

Kruskal-Wallis test to compare the differ-

ences in means.  

A multivariate analysis was carried out 

using cox proportional hazards regression. 

The proportional hazard assumption was as-

sessed by calculating the product of time and 

the variable. If the product of time and the 

variable were statistically significant, the pro-

portional hazard assumption was violated. No 

significant deviations from the proportional 

hazard assumption were found.    

Univariate and multivariate analyses were 

only conducted on participants in the compre-

hensive investigational program due to a 

larger number of variables available on these 

subjects.  

 

Ethical approval 

This study was approved by the Regional 

Ethics Committee in North Jutland. Registry 

permission was obtained from the Danish 

Data Protection Agency. All participants pro-

vided written informed consent. No conflicts 

of interest have occurred during implementa-

tion or completion of the study.  

 

RESULTS 

Baseline characteristics 

During the study period, we identified 345 

patients with incident overt hypothyroidism. 

Of these, 113 participated in a comprehensive 

investigational program. The baseline charac-

teristics of participants (n=113) and non-par-

ticipants (n=232) are shown in Table 1. The 

participants were on average 17 years 

younger and were more often women. The 

participants also had higher serum TSH at di-

agnosis than non-participants (Table 1). 

 

Control in patients with hypothyroidism 

Adequacy of therapy was studied for up to 

10 years in all 345 patients diagnosed with 

overt hypothyroidism. During follow-up 

(mean time: 6.5 years), patients changed bio-

chemical status as shown in Figure 2. After 10 

years of treatment 67.6 % of the patients were 

in the euthyroid range, while 77.0 % were in 

the clinically acceptable range (data not 

shown). Up to 15.3 % were hyperthyroid 

(subclinical or overt) during the follow-up. 

  

Normalization of thyroid function 

83.5 % of patients (n=288) had at least 

one serum TSH within the normal range (0.2-

5.0 mU/L) during the 10-year follow-up. Me-

dian time to the first normal TSH was 8.9 

months (95 % CI: 7.6-10.2 months). 16.5 % 

of the patients (n=57) never had serum TSH 

within the normal range during the 10 years 

follow-up. Among these, 28 patients passed 

away within the first year after the diagnosis; 

6 patients completed the entire follow-up pe-

riod without any TSH in the normal range at 

any time; and 23 patients were lost to follow-

up before normalization of their thyroid func-

tion. Subjects who never became euthyroid 

were old (median: 73.5 years) and had short 

follow-up time (mean: 2 years and 1 month).  

We performed an additional analysis to 

see how many patients reached the acceptable 

TSH range. While 12.7 % (n=44) had a serum 

TSH of 5-10 mU/L at diagnosis, an additional 

78.8 % (n=272) had at least one TFT during 

the follow-up period with TSH within the 

clinically acceptable range (0.2-10.0 mU/L). 

Median time to the first TFT within this range 

was 4.3 months (95 % CI: 3.1-5.5 months). 

Figure 3 shows Kaplan Meier curves for the 

fraction of patients within the normal and 

clinically acceptable TSH range, respectively.
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Table 1: Baseline characteristics of participants in the investigational program and the non-participants 

 Participantsa (n=113) Non-participantsa (n=232) 

Age at diagnosis, years 53.0  (38.9-61.3)* 69.7  (53.9-79.0) 

Female sex 96  (85.0)** 175  (75.4) 

Serum TSH at diagnosis, mU/L  49.0  (24.2-79.9)** 34.0  (15.2-88.6) 

Serum total T4 at diagnosis, nmol/L 41.0  (20.0-52.0) 43.0  (20.0-53.0) 

TPOAb, kU/L 3795  (1160-5600) -b 

TPOAb+, >30 kU/Lc 104  (92.0) - b 

TgAb, kU/L 125  (34.1-960.0) - b 

TgAb+, >20 kU/Lc 104  (92.0) - b 

Weight, kg   76.2  (66.2-86.7) - b 

Height, m   1.66  (1.62-1.71) - b 

BMI, kg/m2 27.1  (23.8-30.0) - b 

Alcohol intake, units per week 3  (1-7) - b 

Currently smoking 26  (23.0) - b 

Comorbidityd 65  (57.5) - b 

Education    

Basic school and up to 2 y  
vocational training 

82 (72.6) - b 

More 31 (27.4) - b 

*P < .001; **P < .05. Asterisks are depicted in participants if statistically different from non-participants.  
TSH=thyroid-stimulating hormone; TPOAb=thyroid peroxidase antibodies; TgAb=thyroglobulin antibodies; BMI=body mass in-
dex.   
aDepicted are number of participants (percentage) or medians (interquartile range, 25 %-75 % range). Some data was missing 
for total T4 (n=5, all congenital hypothyroidism), BMI (n=2) and alcohol intake (n=2). 
bInformation only obtained in participants in investigational program.  
cThyroid antibody levels above the functional sensitivity provided by the manufacturer.  
dThe questionnaire obtained information on myocardial infarction, angina pectoris, cardiac arrythmia, hypertension, cerebral 
stroke, epilepsy, diabetes mellitus, asthma, chronic obstructive pulmonary disease, and gastrointestinal ulcers.  

 
Figure 2: Distribution of thyroid status over time among patients who had a TFT performed within each 
of the time ranges  
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Figure 3: Kaplan Meier curves for the fraction of patients who had a TFT performed within the clinically 
acceptable and normal TSH range, respectively. Censoring is indicated by the black dot tic mark. For 
visual purpose the figure does not show the entire follow-up period (11 years). Therefore, few cases are 
not shown in the figure due to very late occurring normalization. 1 case was left out on the clinically 
acceptable curve (time 121.9 months). 3 cases were left out on the normal TSH curve (time 117.9, 121.9 
and 122.1 months). On the clinically acceptable curve, only the 272 patients who had TSH ≥10 mU/L at 
diagnosis are included. 

 

 

Factors influencing the time to normaliza-

tion of thyroid function after diagnosis of 

overt hypothyroidism 

Time to the first normal TSH according to 

different clinical and demographic factors are 

shown in Table 2. In the univariate analysis, 

increasing age and spontaneous autoimmune 

hypothyroidism were associated with longer 

duration until the first normal TSH.  Border-

line associations to longer time until normal 

TSH were high BMI, high serum TSH at di-

agnosis, comorbidity and current smoking.  

The factors associated with longer dura-

tion until the first normal TSH after multivar-

iate analysis were age (HR 0.79 per 10 years; 

95 % CI: 0.66-0.94; P = <0.01), smoking (HR 

0.47; 95 % CI: 0.26-0.83; P = <0.01), serum 

TSH at diagnosis (HR 0.96 per 10 mU/L; 

95 % CI: 0.93-0.99; P = 0.02) and BMI (HR 

0.96 per kg/m2; 95 % CI: 0.91-0.99; P = 0.03) 

(Table 3). 

 

DISCUSSION 

Adequacy of treatment 

Our study shows that 10 years after being 

diagnosed with hypothyroidism, a significant 

proportion of the patients (32 %) were inade-

quately treated. A high prevalence of inade-

quate treatment for hypothyroidism seems to 

occur worldwide (Parle et al., 1993; Canaris 

et al., 2000; Díez, 2003; Somwaru et al., 2009; 

Okosieme et al., 2011; Vigário et al., 2013;   
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Table 2: Univariate analysis showing median 
months to first normal TSH among subgroups 
within various clinical and demographic variables 

 Normal TSH 
(0.2-5.0 mU/L) 

 Months (no. in 
subgroups) 

P-
value 

Age at diagnosis 
(years) 
     <40 
     40-49 
     50-59 
     60-69 
     ≥70 

 
 

3.5 (n=27) 
5.8 (n=19) 
7.4 (n=3) 

10.7 (n=22) 
18.9 (n=10) 

<.01 

Subtype 
     Spontaneous 
     Non-spontane-
ous 

 
7.3 (n=83) 
4.3 (n=26) 

.02 

BMI (kg/m2) 
     <25 
     25-29.9 
     ≥30 

 
4.1 (n=33) 
7.3 (n=47) 
6.7 (n=27) 

.06 

Serum TSH at di-
agnosis (mU/L) 
     <20 
     20-49.9 
     50-99.9 
     ≥100 

 
 
 

4.2 (n=18) 
6.1 (n=38) 
6.6 (n=34) 
9.2 (n=19) 

.08 

Comorbidity 
     Yes 
     No 

 
6.7 (n=61) 
5.4 (n=48) 

.08 

Smoking  
currently 
     Yes 
     No 

 
 

8.8 (n=25) 
6.1 (n=84) 

.09 

Gender 
     Female 
     Male 

 
6.2 (n=92) 
9.1 (n=17) 

.20 

Educationa 

     Low 
     High 

 
6.6 (n=80) 
5.1 (n=29) 

.26 

Alcohol  
consumption 
     0 
     ≥1 unit per 
week 

 
 

8.4 (n=25) 
6.7 (n=82) 

.88 

Calculations only on participants, who had at least one 
euthyroid TFT during follow up (n=109) 

aLow: Basic school and up to 2 y vocational training; 
High: More 

 

Yavuz et al., 2017). Four studies observed 

prevalence of euthyroidism during treatment 

similar to our finding (58-68 %) (Canaris et 

al., 2000; Díez, 2003; Okosieme et al., 2011; 

Vigário et al., 2013), while other studies ob-

served lower prevalence ranging from 43-

55 % in the euthyroid range (Parle et al., 

1993; Somwaru et al., 2009; Yavuz et al., 

2017). Based on available studies (Parle et al., 

1993; Canaris et al., 2000; Díez 2003; 

Somwaru et al., 2009; Okosieme et al., 2011; 

Vigário et al., 2013; Yavuz et al., 2017) we 

calculated an overall prevalence of euthyroid-

ism to be 58.4 % (4,201/7,195). We reported 

almost identical figure two years after hypo-

thyroidism was diagnosed (59.4 %, P=0.10). 

However, 10 years after diagnosis our pa-

tients were more often euthyroid (67.7 %, 

P=0.02). 

We found that up to 15 % had low TSH as 

an indication of over-treatment, which is a 

similar or a slightly lower prevalence than ob-

served in many other studies (Parle et al., 

1993; Canaris et al., 2000; Okosieme et al., 

2011; Vigário et al., 2013; Yavuz et al., 

2017). In the Cardiovascular Health Study 

41 % of thyroid hormone users aged 65 or 

older were over-treated (Somwaru et al., 

2009), while a study conducted on outpatients 

aged 55 or older in a hospital endocrinology 

clinic in Spain observed a 5 % prevalence of 

over-treatment (Díez, 2003). Okosieme and 

colleagues (2011) found that under-treatment 

was associated with male gender and younger 

age, while over-treatment was associated with 

longer duration of treatment and inversely as-

sociated with diabetic comorbidity. In our 

study, over-treatment also appeared to be as-

sociated with longer duration of treatment, as 

the proportion of over-treated patients in-

creased over time, especially after two years. 

In keeping with our findings, Diez (2003) 

found that shorter duration of treatment was 

associated with inadequate treatment. Alt-

hough we observed a high prevalence of inad-

equate treatment, only few patients (2-8 %) 

had overt thyroid dysfunction after the first 9 

months after diagnosis.  
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Table 3: Multivariate analysis with cox proportional hazards regression, showing hazard ratios (HRs) 
with 95 % confidence intervals (CI) for first TSH within normal range according to clinical and demo-
graphic factors 

 Normal TSH (0.2-5.0 mU/L) 

 HR (95 % CI) P-value 

Age1 0.79 (0.66-0.94) <0.01 

Smoking 0.47 (0.26-0.83) <0.01 

TSH at diagnosis2 0.96 (0.93-0.99) 0.02 

BMI3 0.96 (0.91-1.0) 0.03 

Alcohol4 0.99 (0.96-1.02) 0.41 

Male gender 0.83 (0.44-1.56) 0.56 

Subtype5 0.87 (0.49-1.51) 0.60 

Low educational level 0.87 (0.51-1.47) 0.60 

Comorbidity 0.93 (0.60-1.51) 0.73 

Calculations only on participants. Four cases are not included in the analysis due to missing values on variables. 
1One unit change represents 10 years 

2One unit change represents 10 mU/L 
3One unit change represents one kg/m2 

4One unit change represents one unit of alcohol per week 
5Reference group: non-spontaneous hypothyroidism 

 

 

 

Time to normalization of thyroid function 

We found that the median time to the first 

TSH within the clinically acceptable range of 

0.2-10 mU/L was 4.3 months. This indicates 

that most patients relatively fast reach a level 

of thyroid function where the risk of adverse 

health consequences due to thyroid dysfunc-

tion is low (Flynn et al., 2010; Rodondi et al., 

2010). However, the median time to the first 

normal TSH was 8.9 months, indicating that 

the final adjustment until complete normali-

zation of thyroid function takes longer.  

To our knowledge, no study has investi-

gated which clinical and demographic factors 

are influencing time to biochemical normali-

zation of thyroid function. However, several 

studies have investigated factors influencing 

dose requirements, and there might be a con-

nection between the required dose and the 

time to normalization of thyroid function. 

There is consistent evidence that body weight, 

TSH goal, etiology of hypothyroidism and 

age influence dose requirements (Jonklaas et 

al., 2014).  

In our study, the degree of hypothyroid-

ism influenced the time to normalization of 

thyroid function. Patients with a higher serum 

TSH at diagnosis reached the normal TSH 

range later. For every 10 mU/L increase in se-

rum TSH at the time of diagnosis, the likeli-

hood of having a normal TSH was 4 % lower 

at any given time point, meaning that a patient 

with a TSH of 100 mU/L at time of diagnosis 

would have 36 % less chance of having a nor-

mal TSH at any given time point compared to 

a patient with a TSH of 10 mU/L at time of 

diagnosis.  

We also found that high age at diagnosis 

was associated with longer duration until nor-

malization of thyroid function. For every 10 

years age, the likelihood of having normal 

TSH was 21 % lower at any given time point 

after diagnosis. This slower rate of normaliza-

tion might be intentional as a result of the 

“start low and go slow” recommendation in 

older people (Jonklaas et al., 2014). One 

could expect that the presence of comorbidity 

would influence the time to normalization due 

to the fact that patients with ischemic heart 
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disease should be started on low levothyrox-

ine dose with gradual increases (Chakera et 

al., 2012). This was not the case in our study, 

which might be explained by the lack of dis-

tinction between cardiovascular and non-car-

diovascular comorbidity due to small num-

bers in each group.   

Smoking was also associated with longer 

duration until normalization of thyroid func-

tion with half as many smokers being eu-

thyroid at any given time point. This signifi-

cant role of smoking in hypothyroidism is not 

as well established as in Graves’ disease 

(Sawicka-Gutaj et al., 2014). 

High BMI was associated with longer du-

ration until normalization of TSH. For every 

kg/m2, the likelihood of having a normal TSH 

was 4 % lower at any given point. These data 

indicate that levothyroxine dose higher than 

1.6 μg/kg (Jonklaas et al., 2014) may be ex-

pected when treating obese overtly hypothy-

roid patients. 

 

Treatment adequacy of other diseases  

When comparing treatment of hypothy-

roidism with treatment of other diseases 

within the field of internal medicine rather 

comparable measures were obtained. Warfa-

rin anticoagulation in patients with atrial fi-

brillation is by the Danish Society of Cardiol-

ogy considered of good quality when time in 

therapeutic range (an international normal-

ized ratio [INR] between 2-3) (TTR) is at 

least 70  % (Grove et al., 2021). In hyperten-

sion, data indicates that only 39 % of patients 

manage to achieve an adequate level of blood 

pressure control (Redon et al., 2016). A Dan-

ish diabetes treatment report stated that only 

73 % of all hospital out-patients with type 2 

diabetes reached the predefined HbA1c goal 

below 70 mmol/mol. Here, large regional dif-

ferences were reported with a range between 

62-76 % adequately treated (RKKP, 2020). 

Taken into account that serum TSH may vary 

up 40 % between two tests without reflecting 

a true difference (Karmisholt et al., 2008), our 

results of 68 % within the normal TSH range 

and 77 % reaching a clinically acceptable 

TSH level is conceivably an acceptable level. 

Study strengths and limitations  

A strength of this study is the prospective 

inclusion of overt hypothyroid patients as 

they were diagnosed in the population. Hence, 

the present study is free of hospital referral 

bias, which has previously been shown to lead 

to overrepresentation of patients who are 

younger and marginally more hypothyroid 

(Carlé et al., 2009). However, not all patients 

were invited to participate in the comprehen-

sive investigational program, and we chose 

not to invite any patients above the age of 80, 

which accounted for 14 % of patients newly 

diagnosed with overt hypothyroidism. Thus, 

some degree of selection bias may still be pre-

sent.  

Additionally, a strength of this study is the 

long follow-up time on TFTs (10 years). Most 

studies (Parle et al., 1993; Canaris et al., 2000; 

Somwaru et al., 2009; Okosieme et al., 2011; 

Vigário et al., 2013; Yavuz et al., 2017) only 

present data on a specific given time. Our 

study demonstrated that the timing of follow-

up is of great significance for the results. The 

proportion of inadequately treated patients 

showed considerable variation during the first 

2 years after diagnosis, while it did not seem 

to change much between 2 to 10 years of treat-

ment. Another strength is the relatively high 

number of patients included. Also, we have a 

large amount of data on the 113 participating 

patients. However, we only have information 

on this data on the specific time they partici-

pated in the comprehensive investigational 

program, and some variables such as comor-

bidity, smoking habits and BMI might change 

over time. Therefore, these variables must be 

considered with caution when applied on 

blood samples taken years after diagnosis.  

An important limitation of the study is 

that we do not have any information on treat-

ment (preparation, dose, dose corrections and 

compliance). Also, we do not have any infor-

mation on other medications being taken that 

could influence the absorption of levothyrox-

ine. 

An important consideration is that pa-

tients were diagnosed with hypothyroidism 

between 1997 and 2000. Since then, there has 
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been much debate on treatment of hypothy-

roidism and patients’ satisfaction. New treat-

ment regimens have been added and several 

substitution preparations are now available 

(Chiovato et al., 2019). Furthermore, there 

has been a considerable decrease in the 

threshold for initiating levothyroxine therapy 

in hypothyroid patients in Denmark in 2001-

2015 (Medici et al., 2019). Thus, our study re-

sults may not completely reflect how substi-

tution therapy is performed in 2021. Further 

studies may reveal whether hypothyroid pa-

tients are treated better today than decades 

ago.  

 

CONCLUSION 

A considerable number of hypothyroid 

patients remain inadequately treated with 

only 59-68 % in the euthyroid range 2-10 

years after diagnosis of overt hypothyroidism. 

50 % of the overt hypothyroid patients 

achieved biochemical normalization of their 

thyroid function within 9 months after the di-

agnosis. When treating hypothyroid patients, 

physicians should pay more attention to pa-

tients with high age, high TSH at diagnosis, 

high BMI and smokers as our results suggest 

that these groups achieve biochemical nor-

malization at a slower rate.  
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