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ARTICLE INFO ABSTRACT
Keywords: Objective: Cross-sectional studies have reported that TSH above or close to the upper normal limit correlates
Subclinical hypothyroidism with unfavorable metabolic and cardiovascular outcomes. Certain medications impair intestinal absorption of
L§V°thyr°"i“? malabsorption levothyroxine (L-T4), resulting in undertreated hypothyroidism (viz. failure of serum TSH to reach target levels,
D 1all)‘et.eds mellitus if hypothyroidism is primary).
g};::es;?;i Further to evaluating the magnitude of sub-optimally treated primary hypothyroidism as a result of co-in-

gestion of those medications, we wished to ascertain whether the above complications would occur during a low
number of years under polypharmacy.

Method: In this retrospective study in collaboration with 8 family physicians, we enrolled adults with primary
hypothyroidism under L-T4 therapy that, for 2 years minimum, was not associated with those medications (non-
exposure, baseline) and that, for another 2 years minimum, it was (exposure). Outcomes were serum levels and
proportions of serum TSH levels > 4.12mU/L, and proportions of complications. Complications were ag-
gravation of pre-existing or de novo onset of any of metabolic syndrome, impaired fasting glycemia (IFG), dia-
betes mellitus, dyslipidemia, hypertension, coronary heart disease (CHD), cerebrovascular disease (CVD).
Result: A total of 114 patients were enrolled. Duration of exposure to the interfering medication was
32.1 = 6.9months (median 31; range 24-55). Compared with non-exposure, the exposure period resulted in
greater TSH levels (2.81 + 3.62 [median 1.79] vs 1.27 = 1.34 [median 0.93], P = 2.2 X 10~2% and pro-
portions of values > 4.12mU/L (18.5% vs 4.7%, P = 1.2 X 10~ 7). Seventy-six patients (67%) had complica-
tions, whose rates of TSH > 4.12mU/L were greater than in the 36 complication-free patients (22% vs 11%,
P = 0.018).

Conclusion: During a median period of 31 months, there are relevant consequences for L-T4 treated adult hy-
pothyroid patients resulting from hyperthyrotropinemia caused by medications impairing L-T4 absorption. This
should be taken into account by future guidelines on hypothyroidism management.

Cardiovascular diseases

Introduction Undertreated primary hypothyroidism, that is elevation of serum TSH
above target levels, is observed in approximately 20% of primary hy-

Oral levothyroxine (L-T4) is the recommended hormone therapy for pothyroid patients treated with tablet L-T4 [3,4]. In approximately one-
hypothyroidism, a therapy that is monitored by periodic measurements third of such patients, the cause of undertreatment is oral ingestion of
of serum TSH levels [1,2] when the hypothyroidism etiology is primary. one or more medications that interfere with the intestinal absorption of

* Corresponding author at: Department of Clinical and Experimental Medicine, University Hospital of Messina, Via C. Valeria, 98125 Messina, Italy.
E-mail address: catalanoa@unime.it (A. Catalano).

https://doi.org/10.1016/j.jcte.2019.100189

Received 16 February 2019; Received in revised form 8 April 2019; Accepted 9 April 2019

2214-6237/ © 2019 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/BY/4.0/).


http://www.sciencedirect.com/science/journal/22146237
https://www.elsevier.com/locate/jcte
https://doi.org/10.1016/j.jcte.2019.100189
https://doi.org/10.1016/j.jcte.2019.100189
mailto:catalanoa@unime.it
https://doi.org/10.1016/j.jcte.2019.100189
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcte.2019.100189&domain=pdf

S. Benvenga, et al.

Journal of Clinical & Translational Endocrinology 16 (2019) 100189

10,426 persons aged > 18years

730 (70%) with primary hypothyroidism
under tablet L-T4

391 (53.6% of 730; 3.7% of 10,426)
under any medicine known to impair the

intestinal absorption of L-T4

laboratory in a given patient,

Enrollment of those who:
e were under tablet L-T4, but were not taking any interfering medicine,
for a minimun of two consecutive years [baseline or non-exposure period),
e were under tablet L-T4 and any interfering drug for a minimum of another two
consccutive years [exposure period],
e had at lcast two assays of scrum TSH during the non-exposure period and at least

another two TSH assays during the exposure period, all assays coming from the same

¢ had, both in the non-exposure and exposure period, biochemical and clinical data

associated with metabolic/cardiovascular complications.

114 enroled [100 women,14 men]
(29.2 % of 391; 15.6% of 730

Fig. 1. Flow chart of the study.

L-T4 [3]. Several lists of such interfering drugs are available (see Pa-
tients and Methods). The recommended serum TSH target level is
=4.12mU/L [1-3], which is the upper normal limit recorded by the
Third National Health and Nutrition Examination Survey (NHANES III)
[5]. However, for the National Academy of Clinical Biochemistry [6],
which included some thyroid experts, and for other thyroid specialists
(for instance, Ref. [7]), the upper normal limit of TSH should be
2.50 mU/L.

The issue of consequences from undertreated hypothyroidism is
typically viewed in terms of persistent or partially corrected hy-
pothyroidism symptomatology being associated with poor quality of
life [8]. The 2014 ATA guidelines [2] devote one recommendation to
the issue [“4d. What are the potential deleterious effects of inadequate le-
vothyroxine?”] upon discussing the literature in 30 lines of text. The
strong, moderate quality evidence recommendation is “The adverse

effects of thyroid hormone deficiency include detrimental effects on the
serum lipid profile and progression of cardiovascular disease. We re-
commend that patients with overt hypothyroidism be treated with doses of
levothyroxine that are adequate to normalize serum thyrotropin levels, in
order to reduce or eliminate these undesirable effects” [3,4]. However,
serum TSH levels in the upper part or above the upper limit of the
reference range are associated with greater rates of metabolic disorders
and cardiovascular disease, because of increased levels of fasting blood
glucose, total cholesterol, LDL cholesterol, triglycerides, increased fre-
quency of metabolic syndrome or type 2 diabetes mellitus [9-17].

Based on the above, in L-T4 treated primary hypothyroid patients
who were coingesting tablet L-T4 and at least one interfering medicine,
we aimed to assess the magnitude of increase in serum TSH and the
occurrence of complications (namely, aggravation of preexisting or de
novo appearance of metabolic and cardiovascular events).
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List of clinical/biochemical parameters whose de novo appearance or worsening (if pre-existing) was considered as complication.

Parameter/Event

Definition

Definition of worsening

Metabolic syndrome

Dyslipidemia (any of
hypercholesterolemia,
hypertriglyceridemia, decreased HDL-
cholesterol)

Impaired fasting glycemia (IFG)
Diabetes mellitus

Hypertension

Coronary heart disease (CHD)

Cerebrovascular disease (CVD)

Based on NCEP ATP III classification, any three of five components:

(i) abdominal obesity [AO], (ii) hypertension,

(i) (iii) hyperglycemia (impaired fasting glycemia [IFG] or diabetes
mellitus [DM]), (iv) hypertriglyceridemia, (v) decreased HDL.

Hypercholesterolemia is total

cholesterol = 200 mg/dl.Hypertriglyceridemia is triglycerides = 150 mg/dl
or being on drug treatment for elevated triglycerides.Decreased HDL-
cholesterol (HDL-C) is HDL-C < 40 mg/dl in men and < 50 mg/dl in
women or being on drug treatment for reduced HDL-C.

Fasting blood glucose between 100 and 125 mg/dl

Fasting plasma blood glucose level of 126 mg/dl or greater on two separate
occasions, or casual blood glucose taken at any time (including the second
hr of the oral glucose tolerance test [OGTT]) that is =200 mg/dl.

ESH/ESC Guidelines
Classification into 6 categories (see footnote).

Angina pectoris (AP): ICD-9-CM Diagnosis Code 413.9
Myocardial infarction (MI) ICD-9-CM Diagnosis Code 410 (410.0 through
410.9)

Transient ischemic attack (TIA): ICD-CM Diagnosis Code 435 (435.0
through 435.9)

Progression to four or all five components, or
aggravation of pre-existing component:

(i) Abdominal obesity- further increase of waist

circumference by > 5%.

(ii) Hypertension- see below, (hypertension)
(iii) IFG- progression to DM

(iv) DM- see below, (diabetes mellitus)

(v) Hypertriglyceridemia- see below, (dyslipidemia)
(vi) (v) Decreased HDL- further decrease by > 10%
For hypercholesterolemia and hypertriglyceridemia,
any of: failure to reach target levels; increased
posology of hypolipidemic drugs; addition of another
hypolipidemic drug (typically, ezetimibe to a statin).
For patients who refused lipid-lowering therapy,
aggravation was defined as an increase in total
cholesterol or triglycerides greater than 10%.For
decreased HDL-cholesterol, see above (metabolic
syndrome)

See metabolic syndrome

Any of: HbAlc = 7% (but = 8% in frail old patients);
appearance of one or more diabetes complications;
aggravation of pre-existing complications (for
instance, progression from microalbuminuria to
macroalbuminuria; progression in retinopathy stages);
hospitalization for diabetes-related problems; addition
of one or more oral hypoglycemic agents; addition of
insulin; increased daily doses of insulin

Any of: progression to a higher category; failure to
reach target values of < 140/90 mmHg; increased
posology of a drug; addition of another
antihypertensive drug; occurrence of any complication

(heart, peripheral arteries, kidney, brain, retina).

AP- Any of: subsequent AP, subsequent MI, congestive
heart failure

MI- Any of: subsequent M, heart failure, mitral valve
dysfunction, ventricular aneurism

TIA- Any of: subsequent TIA or IS

IS- Subsequent IS

Ischemic stroke (IS): ICD-CM Diagnosis Code 434 (434.01, 434.11, 434.91)

Footnotes for Table 1.

Hypercholesterolemia is total cholesterol level =200mg/dl (=3.36 mmol/L), that is above the < 200 mg/dl (< 3.36 mmol/L) threshold considered by the NCEP
ATP III to be desiderable.

According to the ESH/ESC Guidelines [25], blood pressure is classified into these categories, the category being defined by the highest level of pressure, whether
systolic or diastolic. Categories were optimal (systolic < 120, diastolic < 80 mmHg), normal (systolic 120-129 and/or diastolic 81-84 mmHg), high-normal
(systolic 130-139 and/or diastolic 85-89 mmHg), grade 1 hypertension (systolic 140-159 and/or diastolic 90-99 mmHg), grade 2 hypertension (systolic 160-179
and/or diastolic 100-109 mmHg), grade 3 hypertension (systolic = 180 mmHg and/or diastolic = 110 mmHg).

Definitions of worsening took into account Refs. [23-28].

* Definitions for components of the metabolic syndrome [23]. (i) Abdominal obesity: waist circumference > 102 cm in men and > 88 cm in women. (ii)
Hypertension = elevated systolic blood pressure = 130 mm Hg or elevated diastolic blood pressure = 85 mm Hg or being on antihypertensive drug treatment in a
patient with a history of hypertension. (iii) Hyperglycemia: elevated fasting glucose = 100 mg/dL or on drug treatment for elevated glucose. Precisely, as per the
American Diabetes Association recommendation [24], these definitions are provided for impaired fasting glycemia (IFG), impaired glucose tolerance (IGT) and
diabetes. IFG is fasting blood glucose between 100 and 125 mg/dl, and IGT is blood glucose between 140 and 199 mg/dl at the second hour of the OGTT. Diabetes is
fasting plasma blood glucose level of 126 mg/dl or greater on two separate occasions, or casual blood glucose taken at any time (including the second hr of the OGTT)
that is = 200 mg/dl. (iv) Hypertrigyceridemia: elevated triglycerides = 150 mg/dL (=1.7 mmol/L) or being on drug treatment for elevated triglycerides. (v)
Reduced HDL-cholesterol: HDL-C = 40 mg/dL (=1.03 mmol/L) in men and = 50 mg/dL (= 1.3 mmol/L) in women or being on drug treatment for reduced HDL-C.

Material and methods therapy, and retrieved 730 persons. The fundamental reasons for L-T4

therapy were autoimmune hypothyroidism and iatrogenic hypothyr-

This is a retrospective study based on the analysis of computerized
records of persons under the care of 8 family physicians; these physi-
cians were previously involved in research studies [18-20]. The co-
authors of this paper other than the 8 family physicians were blind to
the identity of the persons.

Patients

The flow-chart of the study is illustrated in Fig. 1.
First, in the 10,426 persons aged =18 years under the care of the 8
family physicians, we searched for those who were taking tablet L-T4

oidism (post-thyroidectomy almost always).

Second, we searched for persons who had taken one or more drugs
known to inhibit the L-T4 intestinal absorption. We retrieved 391 such
patients. The medications searched [1,4,21,22], with the Anatomical
Therapeutic Chemical (ATC) code given in parentheses, were: proton
pump inhibitors (A02BC"), sucralfate (A02BX02), combination of alu-
minium hydroxide and magnesium hydroxide (A02ADO01), calcium
carbonate (A12AA04), calcium acetate (A12AA12), ferrous sulphate
(BO3AAOQ7), raloxifene (GO3XCO01), cholestyramine (C10AC01), coles-
tipol (C10AC02), lanthanum carbonate (VO3AE03), cation exchange
resins (V04CGO1), and sevelamer (VO3AE02).
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Table 2

Details of the medications known to interfere with the intestinal absorption of
L-T4 that were taken by 114 patients with primary hypothyroidism under tablet
L-T4 replacement therapy.

Drugs No. of patients taking the Percentage °
drug

Any 114 100
Calcium salts alone 5 4.4
Iron salts alone 2 1.7
Calcium + iron salts 4 3.5
Nonabsorbable antacids (NAA) alone 5 4.4
Ranitidine alone 3 2.6
Proton pump inhibitor (PPI) alone 71 62.3
PPI + NAA 12 10.5
PPI + calcium salt 5 4.4
PPI + iron salt 2 1.7
PPI + calcium salt + iron salt 1 0.9
PPI + NAA + calcium salt 3 2.6
PPI + NAA + iron salt 1 0.9

* Calcium salt was always calcium carbonate. Iron salt was always ferrous
sulfate.
§ Denominator is always 114.

Third, among these 391 patients we searched those who fulfilled our
enrolment criteria for forming the final cohort, and retrieved 114 pa-
tients (29.1% of 391, and 15.6% of 730). These patients consisted of
100 women (88%) and 14 men (12%), and their mean age was
65.6 + 12.7 years. Criteria for enrolment were: (i.) uninterrupted L-T4
therapy with tablet L-T4; (ii.) taking none of the said medications for at
least 24 consecutive months in order to provide data for the period of
time that we will refer to as “OFF interfering drug(s)” or non-exposure
or baseline; (iii) taking any of the said medications for at least another
24 consecutive months in order to provide data for the period of time
that we will refer to as “ON interfering drug(s)” or exposure; (iv.)
having at least two non-exposure and at least two exposure determi-
nations of serum TSH, all coming from the same laboratory in a given
patient; (v.) having clinical and pertinent biochemical data associated
with complications (see below) that were recorded within a period of at
least two years during which serum TSH had remained on target while
OFF interfering drug(s) and within a minimum of another two years
while ON interfering drug(s). This criterion was important to compare
the proportions of complications (exposure versus non-exposure to in-
terfering drugs).

Table 3

Journal of Clinical & Translational Endocrinology 16 (2019) 100189

Duration of the non-exposure and the exposure periods, and definition of
complications

The databases of all 8 physicians record the date and number of
prescriptions of any medicines, thus permitting to calculate the dura-
tion of treatment. The first day of ingestion of L-T4 or any interfering
drug was the day after the date of the prescriptions. The last day of
ingestion of L-T4 or the interfering drug(s) was either explicitly notated
(for instance, because of adverse events) or deduced knowing the
number of tablets/capsules in each prescribed package and the daily
dose.

Concerning complications measurable biochemically, a precaution
was taken not to compare the same biochemical index at very different
ages. Once we determined the duration of the exposure period for each
of the 114 patients, we opted to use a chronological window of similar
duration to have the equivalent data for the non-exposure period
(baseline).

In the 114 patients, the duration of the non-exposure period and
exposure period was 35.4 + 9.7 months (median 32.5; range 24-66)
and 32.1 = 6.9 months (median 31; range 24-55), respectively. The
corresponding number of TSH determinations was 295 (2.6 per patient)
and 335 (2.9 per patient).

Complications considered were de novo appearance or aggravation
of any of the conditions listed and defined in Table 1 [23-28].

Outcomes

These were continuous variables and categorical variables. The first
consisted of mean * SD of serum TSH. The second consisted of pro-
portions of serum TSH above two different threshold levels (4.12 or
2.50 mU/L). Another categorical variable was proportions of de novo
appearance or aggravation of any of the abnormalities (complications)
mentioned above.

Statistics

Differences between continuous variables were analysed by log;o-
transformed ANOVA, due to nongaussian distribution of serum TSH.
Differences between categorical variables by the 2 test or by Fisher’s
exact test, as appropriate. Regardless of test, P values < 0.05 were
considered statistically significant.

Serum TSH and proportions of TSH levels above two threshold levels (4.12 or 2.50 mU/L) in 114 patients with primary hypothyroidism who are stratified based on
two periods of time, namely when they took L-T4 alone (OFF or non-exposure) and when they added ingestion of one or more drugs that interferes with the intestinal

absorption of L-T4 (ON or exposure).

Interfering drug Statistics
Off On On vs Off
No. of patients 114 114
Serum TSH (mU/L), median 0.93 1.79 (+92%)
mean 1.27 2.81 (+121%) P=22x10"%
SD +1.34 + 3.62
No. of TSH measurements 295 335
> 4.12mU/L 14 (4.7%) 62 (18.5%) %x*>=2.0, P =1.2 x 107 OR = 4.6 (95% CL 2.5 to 8.3)
> 2.50 mU/L 30 (10.2%) 96 (28.6%) x%=33.5P=7.1x10"°OR = 3.5 (95% CL: 2.3 to 5.3)
No. of patients with at least one TSH measurement that was
> 4.12mU/L 11 (9.6%) 41 (36.0%) x 2 =22.4,P =22 x 10°0R = 5.3 (95% CI: 2.5 to 10.9)
> 2.50/L 23 (20.2%) 61 (53.5%) X 2=1272,P=1.8x%10"7 OR = 4.5 (95% CI: 2.2 to 8.2)

*The TSH thresholds (4.12 and 2.50 mU/L) considered are the one by the American thyroidologists [1] and the one by the National Academy of Clinical Biochemistry

(el.
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Intra-group comparison of serum TSH levels while on or off the interfering drug(s), the group being defined based on presence or absence of complications.”

Interfering drug(s)

Patients (n = 76) with complications Off On Statistics (On vs Off)

No. of TSH measurements 199 222

Serum TSH (mU/L), median 0.86 2.10 (+144%)

mean 1.18 3.44 (+191%) P=3.1x10"%

SD +1.44 + 4.08

No. of TSH measurements that were

> 4.12mU/L 10/199 (5.0%) 49/222 (22.1%) x2=253,P=49x10"7 OR = 5.3 (95% CL: 2.6-10.9)
> 2.50 mU/L 21/199 (10.6%) 77/222 (34.7%) X 2=342,P=49x10"°OR = 4.5 (95% CI: 2.6-7.6)
Patients with at least one TSH measurement that was

> 4.12mU/L 7/76 (9.2%) 29/76 (38.2%) x2=17.6,P =27 x 10"° OR = 6.1 (95% CI: 2.5-15.0)
> 2.50 mU/L 15/76 (19.7%) 45/76 (59.2%) x2=248,P=6.4x10"7 OR = 5.9 (95% CI: 2.8-12.2)
Patients (n = 38) without complications

No. of TSH measurements 96 113

Serum TSH (mU/L), median 0.97 1.28 (+31. 9%) P =0.83

mean 1.43 1.58 (+10.5%)

SD +1.09 +1.98

No. of TSH measurements that were

> 4.12mU/L 4/96 (4.2%) 13/113 (11.5%) x 2=3.7,P =0.053 OR = 3.0 (95% CI 0.9 to 9.5)

> 2.50 mU/L 9/96 (9.4%) 19/113 (16.8%) % 2=25,P=0.11 OR = 1.9 (95% CL 0.9 to 4.6)
Patients with at least one TSH measurement that was

> 4.12mU/L 4/38 (10.5%) 12/38 (31.6%) x %2 =5.1, P =0.024 OR = 3.9 (95% CI: 1.1-13.6)

> 2.50 mU/L 8/38 (21.0%) 16/38 (42.1%) % %=3.9,P =0.048 OR = 2.7 (95% CI: 1.0-7.5)

Intergroup comparison (complication group vs the non-complication group) when OFF interfering drug(s). TSH: 1.18 + 1.44 vs 1.43 = 1.09mU/L (P = 0.0086).
TSH > 4.12mU/L: 10/199 vs 4/96 (P = 0.74), 7/76 vs 4/38 (P = 0.82). TSH > 2.50mU/L: 21/199 vs 9/96 (P = 0.75), 15/76 vs 8/38 (P = 0.87).
Intergroup comparison (complication group vs the non-complication group) when ON interfering drug(s). TSH: 3.44 = 4.08 vs 1.58 * 1.98 mU/L (P = < 0.001).
TSH > 4.12mU/L: 49/222 vs 13/113 (y % = 5.5, P = 0.018, OR = 2.2 [95% CI 1.1 to 4.2]), 29/76 vs 12/38 (P = 0.49). TSH > 2.50 mU/L: 77/222 vs 19/113 (¥,
2=11.7, P = 0.0006, OR = 2.6 [95% CI 1.6 to 4.61), 45/76 vs 16/38 (x ? = 2.98, P = 0.08, OR = 2.0 [95% CI 0.9 to 4.4]).

* P values typed boldface are statistically significant, while P values typed boldface italics are borderline statistically significant (P between 0.10 and 0.05).

Table 5

Patients with at least one TSH level above the specified threshold during the ON interfering drug period who are stratified based on the occurrence or non occurrence

of complications during the same period.

TSH threshold Patients with complications Patients without complications Statistics

Measurements > 4.12mU/L * 49/86 (57.0%) 13/41 (31.7%) Df=1, Xz =7.1,P = 0.007, OR = 2.8 [95% CI 1.3 to 6.2]
No. of patients 29 12

No. of TSH measurements > 4.12mU/L

One 11/29 (37.9%) 11/12 (91.7%) Df =2, Xz = 9.89, P = 0.007

Two 16/29 (55.2%) 1/12 (8.3%)

=Three 2/29 (6.9%) 0/12

Measurements > 2.50 mU/L 77/130 (59.2%) 19/49 (38.8%) Df=1, Xz =5.99, P = 0.014, OR = 2.3 [95% CI 1.2 to 4.5]
No. of patients 45 16

No. of TSH measurements > 2.50 mU/L

One 19/45 (42.2%) 13/16 (81.2%) Df = 2, 2 = 7.63, P = 0.022

Two 20/45 (44.4%) 3/16 (18.8%)

=Three 6/45 (13.4%) 0/16

* For definition of complications, see Table 1 and related footnotes. For details of complications in the 2 patients who had at least one TSH assay above the higher

threshold (4.12 mU/L), see Table 5.

§ In the 86 measurements from the 29 patients with complications, TSH averaged 5.88 + 5.68 mU/L (median 4.66), which is significantly greater than in the 41
measurements from the 12 patients without complications (2.54 + 2.98 [median 0.96], P = 2.9 x 10~ °).

" In the 130 measurements from the 45 patients with complications, TSH averaged 4.75 + 4.92 mU/L (median 3.12), which is significantly greater than in the 49
measurements from the 16 patients without complications (2.43 = 2.77 [median 0.77], P = 3.2 X 1079).

Results
Medications interfering with L-T4 intestinal absorption

The spectrum of such medications in the 114 patients is summarized
in Table 2. Proton pump inhibitors (PPI) were the medications most
frequently used (95/114 [83%]), either alone (n = 71 [62%]) or in
association with other interfering drugs (n = 24 [21%]). Calcium salts
ranked the second, in that they were taken by 18 patients (16%) either
alone or combined with other interfering drugs.

First outcome: serum TSH levels during exposure vs non-exposure (baseline)

This comparison is shown in Table 3, where TSH is considered both
as a continuous variable and a categorical variable based on two
thresholds (see Introduction, and Patients and Methods).

Co-ingestion of tablet L-T4 and any interfering drug(s) was asso-
ciated with serum TSH levels approximately 100% greater than those
associated with ingestion of tablet L-T4 alone, the difference being
extremely significant (P = 2.2 x 10729).
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Table 6
Details on the conditions that were considered “complications” if pre-existing (in the OFF-interfering drug period) and worsening (in the ON-interfering drug period)
or not pre-existing (in the OFF-interfering drug period) and appearing de novo (in the ON-interfering drug period).*

Condition All (n = 76) TSH > 4.12mU/L (n = 29) TSH < 4.12mU/L (n = 47)
Worsening De novo Either Worsening De novo Either Worsening De novo Either

Obesity 25/31 (80.6%) 10/45 (22.2%) 35/76 (46%) 17/21 (81%) 1/8 (12.5%) 18/29 (62.1%) 8/10 (80%) 9/37 (24.3%) 17/47 (36.2%)
Hypertension 17/35 (48.6%) 8/41 (19.5%) 25/76 (32.9%) 12/24 (50%) 1/5 (20%) 13/29 (44.8%) 5/11 (45.4%) 7/36 (19.4%) 12/47 (25.5%)
Hyperglycemia IFG 4/15 (26.7%)  9/61 (14.7%)  13/76 (17.1%) 3/9 (33.3%) 2/20 (10%) 5/29 (17.2%) 1/6 (16.7%) 7/41 (17.1%) 8/47 (17%)
Diabetes 6/10 (60%) 7/66 (10.6%)  13/76 (17.1%) 5/8 (62.5%) 4/21 (19%) 9/29 (31%) 2 (50%) 3/45 (6.7%)  4/47 (8.5%)
Reduced HDL 1/9 (11.1%) 5/67 (7.5%) 6/76 (7.9%) 1/5 (20%) 1/24 (4.2%) 2/29 (6.9%) 0/4 4/43 (9.3%) 4/47 (8.5%)
HyperTG 14/27 (51.8%) 7/49 (14.3%)  21/76 (27.6%) 13/19 (68.4%) 2/20 (20%) 15/29 (51.7%) 1/8 (12.5%) 5/39 (12.8%) 6/47 (12.8%)
Hypercholest 11/24 (45.8%) 6/52 (11.5%)  17/76 (22.4%) 9/10 (90%) 4/19 (21%) 13/29 (44.8%) 2/14 (14.3%) 2/33 (6.1%)  4/47 (8.5%)
CHD Angina 0/2 3/74 (4.0%) 3/76 (3.9%) 0/2 2/27 (7.4%) 2/29 (6.9%) 0/0 1/47 (2.1%)  1/47 (2.1%)
M infarction 0/1 1/28 (3.6%) 1/29 (3.4%) 0/0 1747 (2.1%)  1/47 (2.1%)
CVD
TIA 0/1 2/75 (2.7%) 2/76 (2.6%) 0/2 1/27 (3.7%) 1/29 (3.4%) 0/0 1/47 (2.1%)  1/47 (2.1%)
Stroke 0/76 0/76 0/76 0/29 0/29 0/29 0/0 0/29 0/29
Any of the aboveper pt 78 59 137 60 19 79 18[1] 40 58

[median] [1] [1] [1] [2] [1] [3]12.72 = 1.2 1.06 + 0.2 [1] [1]

m *= SD 1.77 £ 0.9 1.13 + 04 1.80 £ 1.1 2.22 = 0.9 1.46 = 0.7 1.02 = 0.2 1.23 = 0.5

* Stratification in the two groups based on TSH levels in the ON-interfering period (TSH > 4.12mU/L or < 4.12 mU/L) indicates that the first group had at least one
TSH measurement was above 4.12 mU/L, while the second group had all of the TSH measurements equal to or below 4.12 mU/L.

In the comparison of the 29 patients vs the 47 patients, the proportion of the following conditions were statistically different or borderline different for worsening of a
pre-existing condition: hypertriglyceridemia (13/19 vs 1/8, P = 0.013 by Fisher’s exact test, OR = 15.2 [95% CI 1.5-152]) and hypercholesterolemia (9/10 vs 2/14,
P = 0.0005, OR = 54 [4.2 to 693]). The following proportions for either worsening of pre-existing condition or de novo appearance of a condition were significantly
different or borderline different: Obesity (18/29 vs 17/47, x> = 4.8, P = 0.028, OR = 2.9 [95% CI 1.1 to 7.5]); hypertension (13/29 vs 12/47, x> = 3.0, P = 0.08,
OR = 1.7 [0.9 to 6.3]); Diabetes (9/29 vs 4/47, P = 0.025 by Fisher’s exact test, OR = 4.8 [1.3 to 17.6]); hypertriglyceridemia (15/29 vs 6/47, x> = 13.6,
P = 0.0001, OR = 7.3 [2.4 to 22.6]); hypercholesterolemia (13/29 vs 4/47, P = 0.0004 by Fisher’s exact test, OR = 8.7 [2.5 to 30.8]). Proportions significantly

different are typed boldface, while proportions borderline different ate typed boldface italics.
In the comparison between the 29 patients with the 47 patients, m *+ SD of the following conditions were statistically different or borderline different: 2.22 + 0.9 vs
1.06 + 0.2 complications per patient (P = 2.1x10'5); 1.46 = 0.7 vs 1.02 = 0.2 (P = 0.00032); 2.72 = 1.2v5s1.23 £ 0.5 (P = 3.6x10°).

Second outcome: complications during exposure vs non-exposure (baseline)

Overall, aggravation of pre-existing relevant condition(s) or de novo
appearance of it/them occurred in two-thirds of patients (76/114)
(Table 4). Mean levels of TSH were 3-fold greater during exposure
compared to non-exposure (P = 3.1 X 10~ in the 76 patients who
experienced complications, while they were insignificantly greater in
the 38 patients who did not. Proportions of TSH measurements above
either threshold were consistently greater during exposure compared to
non-exposure. Such proportions were significantly greater in either
above TSH threshold category (> 4.12 or > 2.5mU/L) (Table 4, foot-
note).

Relationship of complications with number of TSH measurements above
thresholds

Based on a 3-tier categorization (one, two or =three TSH mea-
surements above 4.12 mU/L during exposure), the 29 patients in the
complication group were distributed significantly differently from the
12 patients in the noncomplication group (P = 0.007) (Table 5). Fi-
nally, in the 86 measurements from the 29 complication patients, serum
TSH was significantly greater than in the 41 measurements from the 12
noncomplication patients (5.88 * 5.68 mU/L [median 4.66] vs
2.54 + 2.98 [median 0.96], P = 2.9 x 10~ %) (Table 5, footnote). The
whole pattern held upon using the threshold of 2.5 mU/L (Table 5).

Noteworthy, 5/114 patients had no pre-existing abnormality during
non-exposure and none appeared de novo during exposure. The corre-
sponding TSH levels were 0.85 * 0.43 (median 0.91) and
1.15 = 0.59mU/L (median 1.30), with none of a total of 31 TSH
measurements being greater than 2.0 mU/L (data not shown).

Relationship of number of complications with TSH measurements above
thresholds

Details on each complication in the whole group of the 76 patients

and the two subgroups resulting from the target TSH-based stratifica-
tion (4.12 mU/L threshold) are shown in Table 6. The two subgroups
are graphically contrasted in Figs. 2 and 3. By definition, during ex-
posure no preexisting condition worsened or appeared de novo (if not
pre-existing) in the remaining 38 patients (Fig. 2).

When considering the pre-existing conditions (at least one of which
worsened or appeared de novo in the group of the 76 patients), they
occurred with statistically similar frequency in the 76 patients and the
remaining 38 patients [not shown]. The exceptions were the significant
difference concerning abdominal obesity (31/76 [40.8%] vs 7/38
[18.4%], XZ = 5.7, P=0.017, OR = 3.05 [95% CI 1.2-7.8]) and the
borderline significant difference concerning reduced HDL (9/76
[11.8%] vs 10/38 [26.3%], x> = 3.8, P = 0.051, OR = 0.38 [95% CI
0.14-1.0]) [not shown]. The proportions of patients having at least one
pre-existing condition were also borderline significantly different (54/
76 [71.1%] vs 33/38 [86.8%], x> = 3.49, P = 0.061, OR = 0.38 [95%
CI 0.1-1.1]) [not shown].

In the 76 patients there were 137 complications (mean = 1.80 per
patient), with 48 patients having experienced a total of 78 aggravations
of at least one preexisting condition (mean = 1.77 per patient) and 52
having experienced the de novo appearance of a total of 59 abnormal
conditions (mean = 1.13 per patient). These numbers are significantly
worse in the subgroup of patients (n = 29) with at least one TSH
measurements > 4.12mU/L during exposure compared to the sub-
group with none of such measurements above this threshold.

The conditions significantly linked to increased TSH levels appeared
to be obesity, diabetes, hypertriglyceridemia and hypercholesterolemia
(Table 6). Because of changes in these first three conditions, there were
3 new cases of metabolic syndrome in the subgroup of the 29 patients
(25/29 compared to 22/29 at baseline). In contrast, within the sub-
group of the remaining 47 patients the cases of metabolic syndrome
remained 10. Furthermore, in these 22 patients, a total of 47 criteria
(mean = 2.14 per patient) required for the NCEP ATPIII diagnosis of
metabolic syndrome did worsen, which compares with 10 criteria in the
10 patients (mean = 1.0 per patient) of the subgroup with
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Fig. 2. Details on clinical/biochemical conditions considered as complications
in the group of the 76 patients in whom such conditions worsened (if pre-ex-
isting) or appeared de novo when exposed to drugs impairing the intestinal
absorption of L-T4. Patients were stratified based on serum TSH levels (on
target [ <4.12 mUL] or not on target [ > 4.12 mU/L]). For further details on the
numbers appearing in the figure, see Table 6.

TSH =< 4.12mU/L (data not shown in Table 6). Also, in the 38 patients
who experienced no complications during exposure there were 10 with
pre-existing metabolic syndrome. These 10 patients continued to have
metabolic syndrome during exposure, but none of the NCEP ATPIII
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Fig. 3. Number of conditions per patient that were considered as complications,
either worsened (if pre-existing) or appeared de novo, upon stratifying patients
based on serum TSH levels (on target [<4.12mUL] or not on target
[ > 4.12mU/L]). Graphically illustrated here are data reported in the last raw
of Table.

criteria worsened.

Discussion

There are strengths in our work, which counterbalance what at first
sight is the limitation of being retrospective. Indeed, one advantage of
the retrospective nature of this study was lack of any bias, such as in-
creasing the frequency of monitoring clinically/biochemically patients
while on the interfering drugs. Second, the 8 physicians share a careful
methodology in recording themselves clinical, laboratory, instrumental,
pharmacological data of their patients, whom they knew very well. This
is different from extracting data from a database that had been entered
by an unknown number of different persons with an unknown metho-
dology. Third, for both the unexposed period and the exposed period
each patient has at least two determinations of TSH, and in a given
patient this minimum of 4 TSH assays were performed in the same la-
boratory. Fourth, we have evaluated a number of complications that are
sensitive to changes in serum TSH, not just one or two.

There are some major findings of our work. First, approximately one
in two hypothyroid patients taking tablet L-T4 therapy (391/730) also
takes one or more medications that interfere with L-T4 intestinal ab-
sorption. When these patients under polypharmacy are selected to have
a minimum of two TSH measurements prior to and during poly-
pharmacy (exposure), then around one-third of them (41/114) have at
least one TSH measurement above 4.12 mU/L during exposure, a rate
that is only one-tenth at baseline. The second finding has to do with
“complications”, namely, the aggravation of pre-existing or the de novo
appearance of any of the metabolic and cardiovascular conditions we
have considered. Clearly, such complications are expected no matter
what is the cause of elevated TSH. What we found, as a data previously
unreported in the literature, is that those complication occur after a
period of 24-55 months (median 31) of polytherapy in two-thirds of the
tablet L-T4 replaced patients. During exposure, almost 40% of the pa-
tients with complications (29/76) had at least one TSH
measurement > 4.12 mU/L compared with approximately 10% (7/76)
at baseline. Third, the link between undertreated hypothyroidism
(TSH > 4.12mU/L) and complications is underscored by a sort of
“carry-over” effect. Indeed, 24% (7/29) of the patients with complica-
tions who had at least one TSH measurement > 4.12 mUL during ex-
posure also had at least one such measurement at baseline, which
contrasts with the frequency of 8% (1/12) in the noncomplication
group. Fourth, the said link is reinforced by the greater rate of com-
plications in the subgroup of patients having at least one TSH
measurement > 4.12 mU/L during exposure compared with the sub-
group having all TSH measurements <4.12mU/L during exposure
(Table 5). Fifth, data are congruent by looking from the opposite per-
spective, namely absence of complications. Indeed, there were few
patients (n = 5, with a total of 31 TSH measurements) who had no
alteration in the biochemical or clinical parameters both during ex-
posure and at baseline. Of the 31 TSH measurements, none was greater
than 2.0 mU/L.

When using the stringent threshold of 2.5 mU/L suggested by the
National Academy of Clinical Biochemistry [6], the frequency of serum
TSH levels above target continued to be significantly greater than in
patients without complications (35% vs 17%, OR = 1.9), then one
should conclude that a “desirable” level of serum TSH should be, in-
deed, below 2.5mU/L.

Several studies have found significant unfavourable relationships
between increases in serum TSH, even within the reference range, and
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parameters that we have considered to indicate complications [9-17].
For instance, the large studies from Norway have found progressively
greater levels of total cholesterol, LDL-cholesterol, triglycerides [14],
SBP and DBP [15,16] along progressively greater bands of circulating
TSH. In our study, it is noteworthy that the average TSH levels during
exposure were 3.44 = 4.08 mU/L (median 2.10) in the 76 patients
who experienced complications but 1.58 *+ 1.98 (median 1.28) in the
38 patients who did not. These two exposure average levels of TSH
represent a great and a negligible increase compared to the corre-
sponding baseline average levels (1.18 = 1.44mU/L [median 0.86]
and 1.43 = 1.09 [median 0.97]). In sum, the interference on the in-
testinal absorption of tablet L-T4 caused by certain medications, moves
TSH from one class of metabolic/cardiovascular risk towards classes of
greater risk.

Given the retrospective study design, association of elevated TSH
and increased metabolic/cardiovascular risk could be due to a possible
suboptimal compliance with medications in general that should be kept
in mind. In addition, obesity and weight gain is associated with higher
L-T4 requirements, thus a not fully uptitrated L-T4 dose could have led
to increased TSH and metabolic/cardiovascular consequences [30].

Based on recommendation no. 13 of the 2012 ATA/AACE
Guidelines, “patients being treated for established hypothyroidism should
have serum TSH measurements done at 4-8 weeks after initiating treatment
or after a change in dose. Once an adequate replacement dose has been
determined, periodic TSH measurements should be done after 6 months and
then at 12-month intervals, or more frequently if the clinical situation dic-
tates otherwise” [1]. No recommendation on periodic TSH measure-
ments are given by these [1] and subsequent guidelines [2] for hy-
pothyroid patients who are under medications that increase thyroid
hormone requirement. Based on the responses of almost 900 en-
docrinologists to a survey [29], after achieving stable target TSH levels,
55.5% of respondents recheck thyroid laboratory tests at 6-month in-
tervals and 34% at 12-month intervals. Furthermore, once target TSH
levels are achieved, approximately one-third of respondents (but half, if
European) return the patient to the primary care physicians. In view of
our data, hypothyroid patients under medications that affect thyroid
hormone absorption/metabolism deserve more frequent rechecks.

Conclusion

L-T4 treated hypothyroid patients who start taking any medications
known to cause undertreatment of hypothyroidism should mention this
adjunctive therapy to the physician who is managing their hypothyr-
oidism. Periodic measurements of TSH cannot be sporadic but relatively
frequent, and it should be complemented by appropriate evaluation of
pre-existing or de novo appearance of metabolic and cardiovascular
disorders. Future guidelines should enforce this more comprehensive
strategy for following up this category of hypothyroid patients.
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