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Abstract
Context: Many patients with hypothyroidism receive suboptimal treatment that may affect hospital outcomes.
Objective: This work aimed to identify differences in hospital outcomes between patients with and without hypothyroidism.

Methods: A retrospective cohort study, using the propensity score-based fine stratification method to balance covariates, was conducted using
a large, US-based, commercial claims database from January 1, 2008 to December 31, 2015. Participants included patients aged 64 years and
younger who had a thyrotropin (TSH) level collected before a hospital admission. Covariates included age, sex, US region, type of admission,
year of admission, and comorbidities. Exposure included clinical hypothyroidism, which was divided into 4 subgroups based on prehospitalization
TSH level: low (TSH < 0.40 mlU/L), normal (TSH 0.40-4.50 mIU/L), intermediate (TSH 4.51-10.00 mIU/L), and high (TSH > 10.00 mIU/L). Main
outcome measures included length of stay (LOS), in-hospital mortality, and readmission outcomes.

Results: A total of 43 478 patients were included in the final study population, of whom 8873 had a diagnosis of hypothyroidism. Those with a
high prehospitalization TSH level had an LOS that was 1.2 days longer (95% Cl, 1.1-1.3; P=.003), a 49% higher risk of 30-day readmission (rela-
tive risk [RR] 1.49; 95% ClI, 1.20-1.85; P < .001), and a 43% higher rate of 90-day readmission (RR 1.43; 95% CI, 1.21-1.67; P < .001) compared to
balanced controls. Patients with normal TSH levels exhibited decreased risk of in-hospital mortality (RR 0.46; 95% Cl, 0.27-0.79; P = .004) and
90-day readmission (RR 0.92; 95% CI, 0.85-0.99; P = .02).

Conclusion: The results suggest suboptimal treatment of hypothyroidism is associated with worse hospital outcomes, including longer LOS
and higher rate of readmission.

Key Words: hypothyroidism, quality of care, hospital outcomes, MarketScan
Abbreviations: DTE, desiccated thyroid extract; ESS, effective sample size; FS, fine stratification; ICD-9-CM, International Classification of Diseases, Ninth

Revision; IQR, interquartile range; LOS, length of stay; PS, propensity score; RR, relative risk; TSH, thyrotropin.

Primary hypothyroidism occurs when the thyroid gland is un-
able to produce a sufficient level of thyroid hormone to main-
tain normal organ system functions. It is a common disease,
with an estimated 7% of the US population taking thyroid
hormone replacement and an additional 4% with undiag-
nosed disease (1, 2). The main tool for both diagnosis and
monitoring of patients with primary hypothyroidism is the
serum thyrotropin (TSH) level, which is inversely related to
the level of circulating thyroid hormones. The standard of care
for the treatment of primary hypothyroidism is levothyroxine,
with the goal of maintaining the serum TSH level within the
normal reference range (3-5). TSH levels that are persistently
above the reference range often indicate undertreatment with
thyroid hormone. Conversely, TSH levels below the reference
range may indicate overtreatment.

Despite the general consensus, off-target serum TSH levels
during thyroid hormone replacement have been found in
more than one-third of patients with primary hypothy-
roidism in many observational studies (6-10). There are sev-
eral potential challenges to being on target, including (but
not limited to) inconsistent monitoring, irregular adherence
to thyroid hormone therapy, body weight changes, pregnancy

status, impaired absorption due to interactions with other
medications or food, and changes in formulations of thyroid
hormone (11).

Sustained off-target serum TSH levels can lead to changes
in thyroid hormone action throughout the body over time,
which can result in serious harm to patients. Serum TSH
levels both significantly above (> 10 mIU/L) and below (< 0.1
mlIU/L) the normal reference range have been associated with
increased risk of heart failure, stroke, and overall excess mor-
tality (12-14). Despite the high proportion of patients with
off-target TSH levels who are at risk for poor health out-
comes, very little evidence-based guidance on monitoring pa-
tients taking levothyroxine is available (15). In this study, we
explored whether the suboptimal treatment of primary hypo-
thyroidism may lead to adverse hospitalization outcomes.

Materials and Methods

In this retrospective cohort study, we compared the hos-
pital outcomes of patients with hypothyroidism and those
without hypothyroidism. We analyzed inpatient, pharma-
ceutical, and laboratory insurance claims from patients
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admitted to the hospital with available thyroid function
tests in the IBM MarketScan Commercial Claims and
Encounters Database from 2008 to 2015. The year 2015
was the last year that mortality data were included in the
database. This database consists of deidentified claims
data from millions of privately insured patients younger
than 65 years in the United States. The database includes
demographic information (age, sex, US geographic region),
clinical variables (including laboratory test results and
International Classification of Diseases, Ninth Revision
[ICD-9-CM] diagnosis codes associated with encounters),
and pharmaceutical claims. This study was deemed to
have exempt status by the University of Chicago Biological
Sciences Division’s Institutional Review Board.

Identification of Study Population and Index
Admission

The clinical laboratory database for each year was exam-
ined to identify all patients aged 18 years and older who had
at least one TSH result (LOINC code 3016-3) and a subse-
quent hospital admission the same year (Fig. 1). For those pa-
tients with multiple admissions and/or TSH values collected

levothyroxine  pre-hospitalization
prescription TSH level
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in a given year, only the admission and TSH pair that repre-
sented the smallest time difference were included in the study.
This admission was defined as the index admission, and the
TSH value was defined as the prehospitalization TSH level.
Only TSH levels that were collected at least 7 days before
admission were included, to minimize the potential effect of
nonthyroidal illness on the prehospitalization TSH level. If a
patient was admitted in multiple years, only the first admis-
sion was included in the study.

The study population was subject to several exclusion
criteria. All patients with an admission codiagnosis of thy-
roid cancer, hyperthyroidism, hypopituitarism, or pregnancy
were excluded. Only patients with admissions categorized as
“surgical” or “medical” were included to limit the potential
mediating effect of other admission types (eg, maternity, psy-
chiatric) on outcomes. Owing to a high frequency of insur-
ance disenrollment from year to year, annual databases were
not linked. Thus, only readmissions that occurred in the same
year as the index admission were counted. Because 90-day
readmission was an outcome, only patients with an admis-
sion before September 30 (regardless of year) were included
to minimize missing data (Fig. 2).

90-day readmission

window

l l Index hospital J : |
—

= @ @ admission

TSH TSH
collection collection
)
Y

12-month study timeframe

Figure 1. Diagram of the selection of prehospitalization thyrotropin (TSH) level, the index hospital admission and the readmission window. The TSH
level and hospital admission pair that represented the smallest time difference were selected as the prehospitalization TSH level and the index hospital
admission (with a minimum time difference of 7 days). The horizontal line represents the 12-month time frame of the study period.

MarketScan® patients with at least 1 hospital admission claim
and pre-hospitalization TSH level, age 18 years and older
(2008 — 2015)
n=105,513

- Exclude patients with a diagnosis of thyroid cancer (n = 978),
pregnancy (n = 17,233), hyperthyroidism (n = 751), or

hypopituitarism (n = 77)

- Exclude all patients with a maternity, psychiatric, or unknown
admission (n = 12,071)

Patients eligible for inclusion in the final study population
n = 45,930

- Exclude all patients admitted after 9/30/20** (n = 28,473)

l

Did not meet criteria
hypothyroidism
n = 37,057

Exclude all patients that had an abnormal pre-

hospitalization TSH (<0.4 or >4.5 mIU/L) or had ever

had a thyroid hormone prescription claim (n = 2452)

Met criteria for Met criteria for inclusion in
hypothyroidism* the control group
n =8873 n = 34,605

Figure 2. Flowchart of study population selection of patients with and without hypothyroidism. *Inclusion criteria for hypothyroidism: 1) at least

1 prescription claim for levothyroxine prior to the admission date; 2) a prehospitalization thyrotropin (TSH) value greater than 10.00 mIU/L; or 3) a
diagnosis of hypothyroidism during the index hospital admission (confirmed by presence of diagnosis code for acquired hypothyroidism [International
Classification of Diseases, Ninth Revision; ICD-9-CM 244 .x] or chronic lymphocytic thyroiditis [[CD-9-CM 245.2]). 20** represents any single year from

2008 to 2015.
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Primary Exposure and Thyrotropin Subgroups

The primary exposure of this study was primary hypothy-
roidism. All patients included in the analysis were considered
to have hypothyroidism if they met at least 1 of 3 inclusion
criteria: 1) at least 1 prescription claim for levothyroxine
prior to the admission date during the same calendar as the
hospital admission; 2) a prehospitalization TSH value greater
than 10.00 mIU/L; or 3) a diagnosis of hypothyroidism
during the index hospital admission (confirmed by the pres-
ence of the diagnosis code for acquired hypothyroidism [ICD-
9-CM 244 .x] or chronic lymphocytic thyroiditis [ICD-9-CM
245.2]). Prescription claims used to assign patients to the
hypothyroidism group were limited to levothyroxine to ex-
clude patients prescribed other types of thyroid hormone (eg,
liothyronine, desiccated thyroid extract) for diagnoses other
than hypothyroidism. The number of patients prescribed
other types of thyroid hormone in addition to levothyroxine
are included in Table 1.

All patients meeting at least 1 criterion for having hypo-
thyroidism were divided into 4 subgroups based on
prehospitalization TSH level: low (TSH < 0.40 mIU/L),
normal (TSH 0.40-4.50 mIU/L), intermediate (TSH 4.51-
10.00 mIU/L), and high (TSH > 10.00 mIU/L). If the patient
did not meet any of these criteria for having hypothyroidism,
they were considered for inclusion in the control group.
Patients were excluded from the control group if they had a
prehospitalization TSH value of less than 0.40 or greater than
4.50 mIU/L to exclude those with possible transient suppres-
sion or elevation of TSH levels or subclinical hypothyroidism
or hyperthyroidism. In addition, patients were excluded from
the control group if they had ever received a prescription for
any thyroid hormone in the years before or after the year of
hospital admission.

Hospital Outcomes and Covariates of Interest

The study outcomes were hospital length of stay (LOS),
in-hospital mortality, and hospital readmission rate.
Readmission was defined as any hospitalization that occurred
within 30 and 90 days of discharge from the index admission.
Data on demographics (age, sex, US geographic region) and
admission type (medical or surgical) were collected for each
patient. Data on the presence of select comorbidities (myocar-
dial infarction, congestive heart failure, stroke, rheumatologic
disease, liver disease, diabetes mellitus [type 1 or 2], chronic
kidney disease, peptic ulcer disease, and malignancy) were
collected. These comorbidities were selected from those in-
cluded in the Charlson comorbidity index and most likely to
be associated clinically with the presence of hypothyroidism.
The presence of each admission codiagnosis was determined
using the ICD-9-CM codes outlined in the method proposed
by Deyo et al (16) to estimate the Charlson comorbidity index
with data from administrative databases.

Statistical Methods

For this observational study, to minimize the degree of model
dependence on the statistical estimation of causal effects, we
used the propensity score-based fine stratification method (FS)
to balance the covariates between the hypothyroidism and
nonhypothyroidism (control) groups (17-19). We stratified
the analysis by TSH subgroup. For each subgroup, we per-
formed the FS method to estimate the average treatment ef-
fect on the treated (ie, patients with hypothyroidism). Here,

we consider the population with hypothyroidism to be a vul-
nerable population that requires treatment, and the popula-
tion without hypothyroidism does not require treatment. The
appropriateness of treatment is captured in the categorization
of TSH subgroups. To perform FS, first, propensity scores (PS)
were estimated as the predicted probability of having hypo-
thyroidism for all given covariates of a study participant using

Table 1. Patient characteristics and hospital outcomes in those with and
without hypothyroidism before covariate balancing

Characteristics and With Without P
outcomes hypothyroidism hypothyroidism
n=8873 n =34 605
Age, median (IQR), y 55 (48-60) 52 (43-58) <.001
Female, % 81.0 61.5 <.001
Region of US, % <.001
Northeast 26.1 29.9
North Central 20.6 15.0
South 46.5 50.1
West 6.8 5.1
Unknown 0.1 0.0
Admission type, %
Medical, vs surgical 45.5 44.9 .28
Comorbidities, %
Myocardial infarction 4.3 4.7 .10
Congestive heart 4.9 4.6 .26
failure
Stroke 5.5 5.6 75
Rheumatologic disease 3.3 2.0 <.001
Liver disease 1.5 1.4 74
Diabetes mellitus 23.3 21.8 .003
Chronic kidney 4.2 3.7 .04
disease
Peptic ulcer disease 0.9 1.1 12
Malignancy 9.4 9.9 15
Thyroid hormone type?, -
No.
Levothyroxine 6874 -
Liothyronine 189 -
DTE 117 -
Time from TSH draw to admission
Days, median (IQR) 56 (27,102) 63 (29, 112) <.001
Days, mean (SD) 70.6 (54.1) 76.9 (57.7) <.001
Hospital outcomes
Length of stay
Days, median (IQR) 3 (2, 4) 2(1,4) 06
Days, mean (SD) 3.5 (4.3) 3.6 (4.5) 52
In-hospital mortality, % 0.4 0.6 .01
Readmission rate, %
30d 8.3 8.0 45
90 d 13.3 13.7 25

Abbreviations: DTE, desiccated thyroid extract; IQR, interquartile range;
PS, propensity score; TSH, thyrotropin.

“Only patients with at least one prescription for levothyroxine met
inclusion criteria for the hypothyroidism group. The numbers of patients
with additional thyroid hormone prescription types are included in the
table.
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logistic regression. Covariates included age, sex, region, ad-
mission type, and all comorbidities individually. Second, we
excluded individuals whose PS were in the nonoverlapping
PS regions. Third, based on PS levels, we stratified all parti-
cipants in the hypothyroidism group into a relatively large
number of equally sized PS strata. Fourth, we assigned in-
dividuals in the control group to these strata based on their
PS. Last, we assigned weights to participants per stratum
based on the formula (17). The number of PS strata we chose
was 20, indicating the stratification width of about 0.05 on
average, which is smaller than the recommended maximum
PS width of 0.2 (20). We used the “Matchlt” R package to
run the FS method. Because patients within nonoverlapped
PS regions were excluded, a control pseudo-group was cre-
ated for each subgroup analysis (no hypothyroidism patients
were excluded). See Tables 2 to 5 for pseudo-group effective
sample sizes.

Continuous and categorical variables were compared using
the Wilcoxon rank sum test and chi-square test with the Rao-
Scott second-order correction, respectively. LOS was modeled
via Poisson regression to account for its nonnormal distri-
bution. In-hospital mortality and readmissions were mod-
eled via logistic regression to account for the possibility of a
balanced covariate confounding the effect of hypothyroidism
on the hospital outcomes. We performed both univariate
analyses (treatment effect without adjusting any covariates)
and multivariable analyses (with adjusting covariates), which
were conducted with weights using the “Survey” R package.

Table 2. Patient characteristics of those in the low thyrotropin subgroup
and matched controls after balancing covariates by the fine stratification
method

Inclusion of each covariate in multivariable analyses was
based on statistical significance (P <.05) in the univariate
analysis. Odds ratios were calculated through logistic regres-
sion and then corrected to relative risk (RR) using the method
by Zhang and Yu (21) for an outcome whose incidence rate
was greater than 10%. Data manipulation and analysis were
completed using statistical software SAS (version 9.4) and R
(version 4.1.2).

Results

A total of 43 478 patients were included in the final study
population, of whom 8873 met the criteria for having pri-
mary hypothyroidism (Fig. 2). A total of 4770 (53.8%) pa-
tients had a prescription claim for levothyroxine and the
diagnosis of hypothyroidism was associated with the admis-
sion claim. Of the remaining patients, 2104 (23.7%) had
a levothyroxine prescription only and 1938 (21.8%) had
a diagnosis of hypothyroidism only. The final 61 patients
(0.7%) that met criteria for having hypothyroidism by having
a prehospitalization TSH value greater than 10.00 mIU/L
had a mean TSH value of 19.8 mIU/L. The median length
of time between TSH collection and hospital admission was
56 days in the hypothyroidism group and 63 days in the con-
trol group. In the unbalanced univariate analysis, patients
with hypothyroidism were older (median age, 55 years vs
52; P <.001), more likely to be women (81.0% vs 61.5%;
P <.001), and had higher rates of rheumatologic disease,

Table 3. Patient characteristics of those in the normal thyrotropin
subgroup and matched controls after balancing covariates by the fine
stratification method

Characteristics Low TSH Control P Characteristics Normal TSH  Control P
subgroup group subgroup group
n=1282 ESS =21379 n=5860 ESS =23 946
Age, median (IQR), y 55 (48-60) 55 (47-60) 573 Age, median (IQR), y 55 (48-60) 55 (48-60) 94
Female, % 85.3 85.1 .80 Female, % 82.5 82.1 44
Region of US, % >.999 Region of US, % >.999
Northeast 27.1 27.1 Northeast 26.6 26.6
North Central 21.1 21.0 North Central 20.7 20.9
South 45.4 45.3 South 45.8 45.6
West 6.3 6.4 West 6.9 6.9
Unknown 0.2 0.1 Unknown 0.1 0.1
Admission type, % Admission type, %
Medical, vs surgical 42.7 42.8 .92 Medical, vs surgical 44.5 44.9 .59
Comorbidities, % Comorbidities, %
Myocardial infarction 4.1 4.0 .98 Myocardial infarction 4.2 4.2 >.999
Congestive heart failure 3.4 3.5 93 Congestive heart failure 4.2 4.2 .89
Stroke 5.5 5.4 .97 Stroke 53 53 .97
Rheumatologic disease 3.5 3.5 .98 Rheumatologic disease 3.3 3.3 >.999
Liver disease 1.2 1.2 98 Liver disease 1.3 1.3 .99
Diabetes mellitus 20.0 20.1 .98 Diabetes mellitus 23.4 23.7 72
Chronic kidney disease 3.3 3.3 .99 Chronic kidney disease 4.0 4.1 .97
Peptic ulcer disease 0.7 0.7 .94 Peptic ulcer disease 1.0 1.0 .90
Malignancy 8.6 8.7 .90 Malignancy 9.4 9.3 .80

Low TSH subgroup: TSH < 0.4 mIU/L.
Abbreviations: ESS, effective sample size; IQR, interquartile range; TSH,
thyrotropin.

Normal TSH subgroup: TSH 0.40-4.50 mIU/L.
Abbreviations: ESS, effective sample size; IQR, interquartile range; TSH,
thyrotropin.
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diabetes mellitus, and chronic kidney disease compared to
the control group (see Table 1). Of note, patients with hypo-
thyroidism had a lower in-hospital mortality rate (0.4% vs
0.6%; P = .01). The groups did not differ on average LOS or
30-day or 90-day readmission rates.

Univariate Analysis of Balanced Thyrotropin
Subgroups and Control Groups

The patient characteristics of each TSH subgroup and the cor-
responding balanced control group are summarized and com-
pared in Tables 2 to 5. The distributions of PS in each TSH
subgroup and the control groups before and after covariate
balancing are shown in Fig. 3. As a result of the FS protocol,
the PS distribution of the “post-match” control group in each
subgroup analysis mirrors the distribution of the corres-
ponding hypothyroidism subgroup. In all cases, there were no
significant differences in covariates (age, sex, region, admis-
sion type, and comorbidities) between each hypothyroidism
subgroup and the corresponding balanced control group. The
average prehospitalization TSH levels of each subgroup are
presented in Table 6.

In general, hospital outcomes differed according to
prehospitalization TSH level (Table 7). In the low TSH
subgroup, there were no differences identified in LOS,
in-hospital mortality, or readmission rates. In the normal
TSH subgroup, the rate of in-hospital mortality was lower
in those with hypothyroidism compared to the balanced

Table 4. Patient characteristics of those in the intermediate thyrotropin
subgroup and matched controls after balancing covariates by the fine
stratification method

Characteristics Intermediate Control P
TSH subgroup  group
n=1183 ESS =28236
Age, median (IQR), y 54 (47-59) 54 (46-60) .78
Female, % 72.6 72.3 .81
Region of US, % >.999
Northeast 23.9 241
North Central 20.3 20.6
South 49.4 48.8
West 6.3 6.4
Unknown 0.1 0.1
Admission type, %
Medical, vs surgical 49.1 49.5 .80
Comorbidities, %
Myocardial infarction 4.9 4.9 .99
Congestive heart 6.8 6.9 .82
failure
Stroke 5.4 5.4 >.999
Rheumatologic disease 3.2 3.3 .87
Liver disease 2.1 22 .90
Diabetes mellitus 24.1 24.1 .97
Chronic kidney disease 4.5 4.5 93
Peptic ulcer disease 0.5 0.6 .54
Malignancy 9.6 9.5 95

controls (0.3% vs 0.6%; P = .004). Also, the rate of 90-day
readmissions was lower in the normal TSH subgroup
compared to controls (12.6% vs 13.7%; P =.004). In the
intermediate TSH subgroup, there were no differences in
outcomes compared to the balanced control group. Finally,
in the high TSH group, patients with hypothyroidism had
a longer mean LOS (4.4 vs 3.7 days; P =.005) and higher
30- and 90-day readmission rates (13.3% vs 9.0%; P < .001
and 22.1% vs 15.7%; P < .001, respectively) compared to
balanced controls.

Multivariable Analysis of Balanced Thyrotropin
Subgroups and Control Groups

The results of the multivariable analysis were similar to
those of the univariate analysis (Table 8). Adjustment for all
comorbidities were included in each subgroup multivariable
analysis. In the low TSH subgroup, having hypothyroidism
was not associated with any differences in hospital outcomes
compared to the balance control groups. In the normal TSH
subgroup, hypothyroidism was associated with a lower
risk of in-hospital mortality (RR 0.46; 95% CI, 0.27-0.79;
P =.004) and 90-day readmission (RR 0.92; 95% CI, 0.85-
0.99; P =.02). In the intermediate TSH subgroup, no differ-
ences in hospital outcomes were observed. Finally, those in
the high TSH subgroup had a longer LOS (+1.2 days (95%
CIL, 1.1-1.3; P =.003), and higher risk of 30-day readmis-
sion (RR 1.49; 95% CI, 1.20-1.85; P <.001) and 90-day

Table 5. Patient characteristics of those in the high thyrotropin subgroup
and matched controls after balancing covariates by the fine stratification
method

Characteristics High TSH Control P
subgroup group
n=548 ESS =24 410
Age, median (IQR), y 54 (45-59) 54 (46-60) 73
Female, % 72.1 72.6 .79
Region of US, % >.999
Northeast 23.0 22.7
North Central 18.8 18.9
South 50.7 50.8
West 7.5 7.5
Unknown 0.0 0.0
Admission type, %
Medical, vs surgical) 54.9 551 .93
Comorbidities, %
Myocardial infarction 4.7 4.7 95
Congestive heart failure 11.5 10.9 .65
Stroke 8.6 8.5 .94
Rheumatologic disease 2.7 2.8 .97
Liver disease 2.4 2.3 93
Diabetes mellitus 27.2 27.2 .99
Chronic kidney disease 7.1 6.7 71
Peptic ulcer disease 0.7 0.7 .98
Malignancy 11.1 11.1 .99

Intermediate TSH subgroup: TSH 4.51-10.00 mIU/L.
Abbreviations: ESS, effective sample size; IQR, interquartile range; TSH,
thyrotropin.

High TSH subgroup: TSH greater than 10.00 mIU/L.
Abbreviations: ESS, effective sample size; IQR, interquartile range; TSH,
thyrotropin.
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Figure 3. Distribution of propensity scores pre match and post match in each thyrotropin (TSH) subgroup and the control group. Dotted lines distinguish
the 20 strata that were generated during the match process to optimize the balancing of covariates.

readmission (RR 1.43; 95% CI, 1.21-1.67; P <.001) com-
pared to balanced controls.

Discussion

We found several differences in hospital outcomes in pa-
tients with and without primary hypothyroidism, primarily
in those with high (> 10.00 mIU/L) TSH levels before hospi-
talization. Those patients were more likely to have a longer
LOS and more likely to be readmitted after hospital discharge
compared to balanced controls without hypothyroidism.
Conversely, those with a normal prehospitalization TSH level
(0.40-4.50 mIU/L) had a decreased risk of in-hospital mor-
tality and readmission within 30 days of discharge. These re-
sults were similar across both univariate and multivariable
analyses.

There are likely multiple causes underlying worse hos-
pital outcomes in those with hypothyroidism and higher
than normal TSH levels. Those with undertreatment of or
undiagnosed hypothyroidism may be more likely to have
suboptimal treatment of other medical conditions that con-
tribute to worse hospital outcomes. An elevated TSH level
may be a sign of either poor adherence to or poor absorp-
tion of daily thyroid hormone therapy, which may extend to
other regular medical therapies. Low thyroid hormone may
also more directly influence hospital outcomes, which may
be suggested by the difference in outcomes between those
with intermediate and high prehospitalization TSH levels. In
general, the systemic effects of hypothyroidism on multiple
organ systems may contribute to cardiovascular, respiratory,

and/or cognitive decompensation in the hospitalized patient
(22-24). Specifically, clinical hypothyroidism has been asso-
ciated with several perioperative complications, including
intraoperative hypotension, heart failure, and minor gastro-
intestinal and neuropsychiatric postoperative complications
(25). Several studies have identified an association between
hypothyroidism and atrial fibrillation following cardiac
surgery, which may contribute to worse hospital outcomes
(26-28). Hypothyroidism may also put patients at risk for
intraoperative bleeding, which could delay discharge or in-
crease the risk of hospital readmission (29, 30).

However, the reasons why patients with a normal
prehospitalization TSH level may have improved hospital out-
comes compared to those without hypothyroidism are less
clear. It is unlikely that thyroid hormone replacement would
provide an advantage over endogenous thyroid hormone pro-
duction in hospital outcomes. In-range TSH values may be a
surrogate for regular health care and adherence to medical
therapy, which likely leads to better hospital outcomes. We
have previously shown in a study of the National Health and
Nutrition Examination Survey that lack of access to routine
health care is associated with suboptimal treatment of hypo-
thyroidism (31). It is important to recognize that other factors
that are difficult to determine from the data available from
insurance claims, such as the severity of the medical or sur-
gical problem leading to hospital admission, may be playing
a role in this observation, as well. It is also noteworthy that
although no adverse hospital outcomes were associated with
low TSH levels in this study, adverse cardiovascular and frac-
ture outcomes have both been observed in patients on thyroid
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Table 6. Average prehospitalization thyrotropin values of each hypothyroidism subgroup

Average TSH value TSH subgroup
Low* Normal Intermediate High
(n=1282) (n = 5860) (n=1183) (n = 548)
Mean (SD) 0.14 (0.12) 2.00 (1.08) 6.17 (1.43) 28.52 (26.18)

Median (IQR)

0.10 (0.03-0.24)

1.83 (1.11-2.80)

5.70 (5.00-7.15)

17.25 (12.44-33.08)

Low subgroup: TSH less than 0.40 mIU/L. Normal subgroup: TSH 0.40-4.50 mIU/L. Intermediate subgroup: TSH 4.51-10.00 mIU/L. High subgroup: TSH

greater than 10.00 mIU/L. All TSH value units are mIU/L.
Abbreviation: TSH, thyrotropin.

“Of the 1282 patients in the low subgroup, 122 patients had a prehospitalization TSH value less than .01 mIU/L.

Table 7. Univariate analysis of hospital outcomes after balancing covariates, stratified by thyrotropin subgroup before admission

TSH subgroup

Outcomes Low Control P Normal  Control P Inter Control P High Control P
(n/ ESS) (1282) (21 379) (5860) (23 946) (1183) (28 236) (548) (24 410)
Length of stay
Median (IQR) 2 (2-4) 2 (2-4) 88 2(2-4) 3(2-4) .09 3(2-4) 3(2-4) 23 3 (2-5) 3 (2-4) <.001
Mean (SD) 3.5(52) 3.5(4.1) .54  3.5(41) 3.6(42) 07  3.7(3.7) 3.6(43) 74 44(54) 3.7(44) .005
In-hospital mortality 0.2 0.5 N 0.3 0.6 .004 0.7 0.6 .78 1.1 0.7 27
30-d readmission 7.8 7.6 .80 7.8 7.8 .84 9.0 8.3 45 133 9.0 <.001
90-d readmission 12.16 13.3 S50 126 13.7 .03 12.9 14.5 14 221 15.7 <.001

Length of stay in days, presented as median and mean. All other outcomes presented as percentages. Low subgroup: TSH less than 0.40 mIU/L. Normal
subgroup: TSH 0.40-4.50 mIU/L. Intermediate subgroup: TSH 4.51-10.00 mIU/L. High subgroup: TSH greater than 10.00 mIU/L. P values determined by
Wilcoxon rank sum and ¢ tests (length of stay) and chi-square test with the Rao-Scott second-order correction.

Abbreviations: ESS, effective sample size of control group; Inter, Intermediate; n, number of patients in TSH subgroup; TSH, thyrotropin.

Table 8. Multivariable analysis of hospital outcomes after balancing covariates, stratified by thyrotropin subgroup before admission

Outcomes TSH subgroup

Low Normal Intermediate High

(n=1282) (n=5860) (n=1183) (n=548)

Coefficient (SE) P Coefficient (SE) P Coefficient (SE) P Coefficient (SE) by
Length of stay* ~0.024 (0.042) 57 =0.031(0.017) 06 0.012 (0.030) 69 0.154 (0.051) 003

RR (95% CI) P RR (95% CI) P RR (95% CI) P RR (95% CI) P

In-hospital mortality” 0.44 (0.14-1.42) 17 0.46 (0.27-0.79) .004 1.13 (0.55-2.33) .73 1.45(0.61-3.42) .40
30-d readmission” 1.03 (0.85-1.25) .76 0.99 (0.90-1.09) .84 1.07 (0.89-1.29)c .45 1.49 (1.20-1.85)¢ <.001
90-d readmission® 0.94 (0.80-1.10) .52 0.92 (0.85-0.99) .02 0.89 (0.76-1.03) .13 1.43 (1.21-1.67) <.001

Low subgroup: TSH less than 0.40 mIU/L. Normal subgroup: TSH 0.40-4.50 mIU/L. Intermediate subgroup: TSH 4.51-10.00 mIU/L. High subgroup: TSH

greater than 10.00 mIU/L.
Abbreviations: RR, relative risk; TSH, thyrotropin.
“Adjusted for age, sex, region, year, admission type, and comorbidities.

*Adjusted for age, sex, region, admission type, and comorbidities (except where otherwise noted).

‘Adjusted for age, sex, admission type, and comorbidities.

hormone with suppressed TSH levels (TSH < 0.03 mIU/L)
(32).

To our knowledge, this is the first study to identify worse
short-term hospital outcomes in individuals with hypothy-
roidism with off-target TSH levels. Akirov et al (33) found
that high prehospitalization TSH levels were associated with
increased mortality over 2 years of follow-up, but no differ-
ence in in-hospital mortality or LOS between groups. This
study adds to the growing body of literature highlighting the

risk of overtreatment and undertreatment of hypothyroidism
(12, 13). Two primary advantages of this study are 1) that
TSH levels were collected on average 8 weeks before admis-
sion, thus the TSH level should not be affected by critical
illness related to hospitalization; and 2) the robust balancing
of covariates for each TSH subgroup and its corresponding
control group minimized the effect of potential confounders
(eg, age, comorbidities, admission type) that varied between
the TSH subgroups.
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The long- and short-term adverse health effects associated
with off-target treatment of hypothyroidism, coupled with
the high frequency of off-target treatment among the millions
of patients in the United States on thyroid hormone suggest
that a public health effort to improve the quality of care of
hypothyroidism is necessary. However, there is currently no
quality measure within the Centers for Medicare & Medicaid
Services Merit-based Incentive Payment System pertaining to
the appropriate treatment of hypothyroidism (34). The pres-
ence of guidelines alone may not be sufficient, as demonstrated
by the inadequate application of guidelines for the use of
levothyroxine in the treatment of thyroid cancer, a serious but
much less common disease than clinical hypothyroidism (35).

This study has several important limitations. First, the
claims database contained patient data on those with com-
mercial insurance and those younger than 65 years, meaning
the results of this study are not necessarily generalizable to an
older population or those with nonprivate insurance. Owing
to the upper limit of the normal TSH range increasing with
age (36), the exclusion of older patients likely minimized the
number of patients in the intermediate TSH subgroup that ac-
tually had a “normal” TSH for their age. Patient race/ethnicity
data were not available in the database, thus no adjustment
in the normal TSH range by race was made, as has been sug-
gested by some but has not been adopted in clinical practice
(37). Second, the study requirement that all patients (including
controls) have a TSH collected before hospitalization elimin-
ated many potential study patients. We assumed that most of
these thyroid tests were performed for routine practice, but
it is possible that the TSH requirement imposed a selection
bias that made certain comorbidities associated with thyroid
symptoms (eg, depression, obesity) more prevalent in the con-
trol group. Third, the decision to include a levothyroxine pre-
scription or TSH value greater than 10.0 mIU/L as a criterion
for having hypothyroidism may have led to the inclusion
of some patients in the hypothyroidism group who did not
truly have hypothyroidism. For example, a TSH level greater
than 10.00 mIU/L may represent alternate diagnoses, such
as the recovery phase of thyroiditis or nonthyroidal illness.
Some patients are prescribed thyroid hormone that do meet
the standard diagnostic criteria for clinical hypothyroidism
(38). However, the decision was made to include these cri-
teria to capture undiagnosed hypothyroidism and individuals
for whom hypothyroidism was inappropriately missing as a
codiagnosis on admission. Additionally, a TSH level greater
than 10.00 mIU/L has been demonstrated to be a significant
predictor of progression to overt hypothyroidism (39, 40).

Fourth, because this was a retrospective cohort study, the
risk of covariates confounding the results was addressed with
a robust balancing methodology that included covariate ad-
justment in the multivariable analysis. While the effects of
confounding variables are impossible to eliminate, we be-
lieve we minimized the confounding effects of the measured
covariates to the extent possible. Last, the lack of continuous
enrollment precluded the counting of readmissions that oc-
curred in the next calendar year. Missing readmission data
were minimized by excluding admissions after September 30,
but this could introduce selection bias.

To conclude, primary hypothyroidism with suboptimal
treatment may increase the risk of worse hospital outcomes,
including longer LOS and higher rate of readmission. These
risks were no longer present in patients with adequate treat-
ment. Unfortunately, suboptimal treatment is common among

the patient population with hypothyroidism. These findings
add to the growing body of evidence demonstrating the ser-
ious adverse short- and long-term health effects associated
with suboptimal treatment of hypothyroidism. The develop-
ment and implementation of strategies to identify patients
with hypothyroidism who are at risk for suboptimal treat-
ment and provide them with treatment plans that maintain
in-range TSH levels are needed.
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