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Abstract 
Context: Hypothyroidism is a common yet under-recognized condition in patients with chronic kidney disease (CKD), which may lead to end- 
organ complications if left untreated.  
Objective: We developed a prediction tool to identify CKD patients at risk for incident hypothyroidism.  
Methods: Among 15 642 patients with stages 4 to 5 CKD without evidence of pre-existing thyroid disease, we developed and validated a risk 
prediction tool for the development of incident hypothyroidism (defined as thyrotropin [TSH] > 5.0 mIU/L) using the Optum Labs Data 
Warehouse, which contains de-identified administrative claims, including medical and pharmacy claims and enrollment records for 
commercial and Medicare Advantage enrollees as well as electronic health record data. Patients were divided into a two-thirds development 
set and a one-third validation set. Prediction models were developed using Cox models to estimate probability of incident hypothyroidism.  
Results: There were 1650 (11%) cases of incident hypothyroidism during a median follow-up of 3.4 years. Characteristics associated with 
hypothyroidism included older age, White race, higher body mass index, low serum albumin, higher baseline TSH, hypertension, congestive 
heart failure, exposure to iodinated contrast via angiogram or computed tomography scan, and amiodarone use. Model discrimination was 
good with similar C-statistics in the development and validation datasets: 0.77 (95% CI 0.75-0.78) and 0.76 (95% CI 0.74-0.78), respectively. 
Model goodness-of-fit tests showed adequate fit in the overall cohort (P = .47) as well as in a subcohort of patients with stage 5 CKD (P = .33).  
Conclusion: In a national cohort of CKD patients, we developed a clinical prediction tool identifying those at risk for incident hypothyroidism to 
inform prioritized screening, monitoring, and treatment in this population. 
Key Words: prediction scores, thyroid status, hypothyroidism, thyrotropin, chronic kidney disease 
Abbreviations: BMI, body mass index; CCI, Charlson Comorbidity Index; CKD, chronic kidney disease; CT, computed tomography; eGFR, estimated glomerular 
filtration rate; FT4, free thyroxine; GOF, goodness-of-fit; EHR, electronic health record; IQR, interquartile range; PS, prognostic score; TSH, thyrotropin. 

Patients with chronic kidney disease (CKD) have a disproportion-
ately higher prevalence of hypothyroidism compared with their 
non-CKD counterparts (ie, 25% vs 5%, respectively) (1-4). 
Early or subclinical hypothyroidism is defined as an elevated 
thyrotropin [TSH] and a free thyroxine (FT4) measurement in 
the reference range and overt hypothyroidism when the FT4 falls 
below the reference range. While thyroid dysfunction is common 
in the general population (ie, 20 million US adults affected (5)), 
this endocrine disorder, both subclinical and overt, is substantial-
ly more prevalent in those with kidney disease (1-4). For example, 
data from the National Health and Nutritional Examination 

Survey (NHANES) have shown an increasingly higher prevalence 
of hypothyroidism with incrementally worse kidney function (ie, 
5%, 11%, 20%, and 23% of participants with estimated glom-
erular filtration rates [eGFRs] ≥90, 60-89, 45-59, and <45 mL/ 
min/1.73 m2, respectively) (6). In the largest cohort examined 
to date, among 461 607 US veterans with stages 3 to 5 CKD 
who underwent simultaneous serum TSH and creatinine testing, 
each 10 mL/min/1.73 m2 decrement in eGFR was associated with 
an 18% higher risk of hypothyroidism (4). 

Thyroid hormone has actions in nearly all tissues, and, if left 
untreated, hypothyroidism may lead to multiple end-organ  
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sequelae, including cardiovascular, reproductive, hemato-
logic, and neuropsychiatric complications (2, 3, 7-9). While 
the adverse effects of thyroid dysfunction across the spectrum 
of subclinical and overt hypothyroidism have been well de-
scribed in the non-CKD population (10-14), a growing body 
of evidence has demonstrated the adverse impact of hypothy-
roidism on health-related quality of life (15), cardiovascular 
health (16-20), kidney function (21-24), and survival of pa-
tients with CKD (25-30). Given the vast number of CKD pa-
tients (31), heterogeneity of potential risk factors for thyroid 
dysfunction (ie, underlying socio-demographics (5, 32, 33), 
exposure to iodinated contrast (34-36), obesity (37, 38), 
etc.), and paucity of screening recommendations in this popu-
lation, there is compelling need for clinical tools that can iden-
tify which CKD patients are at high risk of developing 
hypothyroidism and its ensuing complications. A risk predic-
tion model to predict hypothyroidism in CKD patients could in-
form prioritized screening, monitoring, and potential treatment 
for those who are at greatest risk for hypothyroidism. 

Thus, to address this clinical gap, we sought to develop, 
rigorously validate, and calculate risk scores to predict the de-
velopment of incident hypothyroidism among a large, nation-
al cohort of US adults with moderate to advanced kidney 
disease (ie, stages 4-5 CKD) from the Optum Labs Data 
Warehouse (39, 40). Given the availability of longitudinal 
patient-level information in this cohort, including detailed 
socio-demographic, comorbidity, procedure, medication, 
and laboratory result data, we hypothesized that clinical char-
acteristics can be used to develop and validate prediction mod-
els that can identify which CKD patients will develop de novo 
thyroid disease over time. 

Materials and Methods 
Source Population 
The study cohort was derived from patients from the Optum 
Labs Data Warehouse data source (39, 40). This study used 
de-identified administrative claims and electronic health re-
cord (EHR) data with linked laboratory results, socioeconom-
ic status information, and death information from the Optum 
Labs Data Warehouse. The database contains longitudinal 
health information on enrollees and patients, representing a 
mixture of ages and geographical regions across the United 
States. The claims data in the Optum Labs Data Warehouse 
includes medical and pharmacy claims, laboratory results, 
and enrollment records for over 200 million commercial and 
Medicare Advantage enrollees. The EHR-derived data include 
a subset of EHR data that has been normalized and standar-
dized into a single database. 

Adults with moderate to advanced kidney dysfunction were 
included in the study cohort provided that they (1) had at least 
1 eGFR value measured over the period of January 1, 2010, to 
December 31, 2018, that was <30 mL/min/1.73 m2 (the first 
of which was designated as the index eGFR value), (2) were 
≥18 years of age or older at the time of study entry (defined 
as the time of the index eGFR measurement), (3) had at least 
1 TSH measurement within 1 year on or prior to the index 
eGFR measurement that was within the reference range of 
0.5 to 5.0 mIU/L (designated as the baseline TSH), as well 
as 1 or more TSH measurement after the index eGFR (to as-
certain the development of incident hypothyroidism), and 
(4) had both medical and pharmacy coverage as well as a min-
imum period of continuous enrollment of 1 year following the 

index eGFR measurement and a minimum period of continu-
ous enrollment of 1 day before the index eGFR date for claims 
data only (Fig. S1 (41)). Patients were excluded if at study en-
try they (5) had evidence of a prior diagnosis of hypothyroid-
ism or hyperthyroidism ascertained by diagnostic/procedural 
codes, (6) had prior use of thyroid hormone supplementation 
or antithyroid medication, (7) had prior radioactive iodine or 
surgical thyroid ablation, (8) were missing core socio- 
demographic variables (ie, age, sex), or (9) were missing 
core covariates in the prediction model (ie, FT4, eGFR slope, 
body mass index [BMI], or serum albumin) within 2 years on 
or before the index eGFR date. Criteria 3 and 5 through 7 
were implemented to ensure consideration of incident thyroid 
functional disease. Since this study involved analysis of pre- 
existing, de-identified data, it was exempt from Institutional 
Review Board approval. 

Ascertainment of Incident Hypothyroidism 
We aimed to develop prediction models for the development 
of incident hypothyroidism among patients with stages 4 to 
5 CKD. Given that all patients were required to have a 
baseline (first) TSH level within reference range (TSH 
0.5-5.0 mIU/L), incident hypothyroid cases were defined as 
those whose subsequent (second) TSH level following the in-
dex eGFR were >5.0 mIU/L (7). This cutoff was selected 
based on increasing evidence showing that TSH levels exceed-
ing 5.0 mIU/L and even below this threshold are associated 
with adverse outcomes, including higher mortality risk (25,  
26, 28, 29), cardiovascular disease (20, 42), and patient- 
reported outcomes (15) in patients with moderate to advanced 
CKD. Since subsequent FT4 levels following the index eGFR 
were not available for the majority of patients, hypothyroid-
ism was defined based on an elevation in serum TSH above 
the reference range. Follow-up started at the date of index 
eGFR (January 1, 2010) and continued until occurrence of 
the event of developing de novo hypothyroidism or until the 
end of the study period (March 31, 2019). 

Socio-demographic, Comorbidity, Medication, and 
Laboratory Data 
Optum Labs Data Warehouse data were used to determine pa-
tients’ baseline socio-demographic information (ie, age, sex, 
etc.), comorbid conditions (ascertained from International 
Classification of Diseases, Ninth and Tenth Revision, 
Clinical Modification diagnostic and procedural codes and 
Current Procedural Terminology codes), receipt of procedures 
(ie, angiogram and/or computed tomography [CT] scan with 
iodinated contrast using Current Procedural Terminology co-
des), laboratory data, and medications (39, 40). Optum 
Labs derives ethnicity by assigning 1 of 5 race/ethnicity 
codes: W (non-Hispanic White), B (non-Hispanic Black), H 
(Hispanic), A (Asian), and U (Unknown), based on data li-
censed from an external vendor who employs a rule-based sys-
tem that uses names, geography, and other data to determine 
ethnicity. Charlson Comorbidity Index (CCI) scores were es-
timated using the Deyo modification for administrative data-
sets (43). 

Statistical Methods 
Baseline characteristics of the study cohort, including all pre-
dictors, were summarized as means ± SD or interquartile  
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range (IQR) for continuous variables and proportions for cat-
egorical variables. 

Prediction models were developed for incident hypothy-
roidism using Cox proportional hazards models. The primary 
cohort was comprised 15 642 patients (Fig. S1 (41)) with com-
plete data (ie, complete case analysis) and was randomly div-
ided into a two-thirds training/development set (nd = 10 428) 
and a one-third test/validation set (nv = 5124). This included 
patients in the “Other/Missing” category for race/ethnicity, 
which was not considered missing for prediction purposes. 
A secondary cohort included (n = 21 604) patients with miss-
ing BMI (23%) and missing albumin (8%) data. These miss-
ing covariates were addressed with imputation using mean 
values. Candidate predictors for incident hypothyroidism 
were a priori selected based on preliminary studies and the 
scientific literature according to clinical considerations for 
hypothyroidism (Table 1). 

The final model was obtained using backward selection 
based on Akaike’s information criterion, since it has better stat-
istical properties in variable selection than selection procedures 
based on P value (44) and it avoids arbitrary and ineffective se-
lection rules based on P values. To address potential model 
overfitting (optimism) and also for model calibration, we esti-
mated a linear shrinkage factor γ (0 ≤ γ ≤ 1) based on 100 boot-
strap samples of the development dataset. This estimated 
shrinkage factor, γ, was used to adjust the final Cox prediction 
models to correct for model overoptimism (44-47). We noted 
that overfitting, a concern typically in small datasets, results 
in regression coefficients being overestimated (overfitted) for 
prediction. For this reason, a shrinkage factor (0 ≤ γ ≤ 1) was 
estimated and applied to the risk score to shrink the regression 
coefficients so that predictions will more likely show better cali-
bration on new patients (ie, validation data). 

Furthermore, model calibration was assessed by a group- 
based goodness-of-fit (GOF) test developed for survival mod-
els (48). Briefly, the population was divided into deciles 
(groups) of the risk score, and the group-based GOF test pro-
vided an overall assessment of model calibration as well as for 
each group. Calibration plots for 1-year to 5-year event prob-
abilities were also assessed. 

Model predictive performance or discrimination were assessed 
using internal validation on the one-third validation dataset, not 
used in the model development process. Model discrimination 
was assessed using the index of concordance, or C-statistic, which 
accounts for censoring in time to event models (49) and is equiva-
lent to the area under the receiver operating characteristic curve 
for binary outcomes (logistic regression) (46, 49). 

Estimated probabilities of incident hypothyroidism at a giv-
en time t (ie, t year) were based on the final prediction model 
via the shrunken prognostic score (PS). That is, the shrunken 
PS is PS* = γ Xβ, where β is collection of estimated coefficients 
corresponding to predictor variables set X in the final predic-
tion model. The predicted survival at time t for a new patient 
can then be obtained as S0(t)exp(PS*), where S0(t) is the baseline 
survival estimate from the final model. Analyses were per-
formed in Stata version 13 and R version 3.6.1 using libraries 
RMS and SURVIVAL. 

Results 
Baseline Characteristics of the Study Cohort 
Details of the overall cohort characteristics are provided in  
Table 1, along with the two-thirds and one-third randomly 

sampled development and internal validation/test cohorts, re-
spectively. The primary overall study cohort consisted of 15  
642 patients with stages 4 to 5 CKD (eGFR < 30 mL/min/ 
1.73 m2), among whom the mean ± SD age was 60 ± 18 years 
old; 67% were female; 67%, 19%, and 8% were 
non-Hispanic White, non-Hispanic Black, and Hispanic, re-
spectively. Among these patients, the mean ± SD index (base-
line) eGFR level was 16.8 ± 1.69 mL/min/1.73 m2, with 59% 
and 41% of the cohort having index eGFR levels 15 to 
<30 mL/min/1.73 m2 (stage 4 CKD) and <15 mL/min/ 
1.73 m2 (stage 5 CKD), respectively. In the overall cohort, 
92% of patients had baseline CCI scores ≥2, and 42%, 
66%, and 23% of patients had underlying diabetes, hyperten-
sion, and heart failure, respectively. Prior to the index eGFR 
date, 28% of patients received an angiogram and/or CT 
scan with iodinated contrast, and 6% were prescribed amio-
darone. With respect to baseline body anthropometry and la-
boratory data, 41% of patients have BMI levels >30 kg/m2; 
67% of patients had serum albumin levels <4.0 g/dL; 
and the median (IQR) baseline TSH and FT4 levels were 
1.70 (1.10, 2.58) mIU/L and 1.04 (0.90, 1.20) ng/dL, 
respectively. 

Development of the Prediction Score for Incident 
Hypothyroidism 
In the primary cohort, after a median (IQR) follow-up time of 
3.4 (1.6, 5.3) years, we observed 1650 (10.6%) cases of the 
outcome of interest, incident hypothyroidism, during the 
study follow-up period. We developed the prediction risk 
score for incident hypothyroidism using the development set 
(n = 10 428, Table 1). The final prediction model coefficients 
are presented in Table 2. Patient characteristics including old-
er age (≥60 years), non-Hispanic White race/ethnicity, higher 
baseline TSH, hypertension, congestive heart failure, receipt 
of angiogram and/or CT scan with iodinated contrast, and 
amiodarone use were each associated with higher risk of inci-
dent hypothyroidism, whereas non-Hispanic Black race/ethni-
city, higher BMI (≤30 kg/m2), and higher serum albumin 
(≥4.0 g/dL) were each associated with lower risk (effect esti-
mates shown in Table 2). Among these predictors, higher 
baseline TSH level (by +Δ1.0 mIU/L: HR 2.04, 95% CI 
1.95-2.15) and amiodarone use (HR 1.64, 95% CI 
1.36-1.98) were associated with the largest increases in the 
hazard of incident hypothyroidism. Figure 1 displays the dis-
tribution of the risk score and the corresponding predicted 
3-year event probabilities, where the predicted probabilities 
(percentage) at the 25th, 50th and 75th percentiles of the 
risk level for incident hypothyroidism are 3.2%, 6.0%, and 
11.6%, respectively. 

As a sensitivity analysis, a second prediction score was de-
veloped based on a secondary cohort (n = 21 604) that in-
cluded patients with missing BMI (23%) and serum albumin 
(8%) data. Overall, the secondary prediction score, perform-
ance, and calibration results were similar to the main predic-
tion score for incident hypothyroidism, and these results are 
provided elsewhere (Table S1 and Table S2 (41)). Also, with 
the exception of BMI, the standardized mean differences for 
all candidate predictor variables between the primary cohort 
(n = 15 642) and the excluded patients due to missing BMI 
and serum albumin (n = 5962) were small to moderate (all ob-
served absolute standardized mean difference values <0.49, 
Table S3 (41)).  
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Internal Validation of the Prediction Score 
The prediction performance of the prediction score was as-
sessed in the development dataset (n = 10 428) using 100 
bootstrap samples as well as in the independent validation da-
taset (n = 5214). The model discrimination was good with 
similar C-statistics in both the development dataset (0.77, 
95% CI 0.75-0.78) and validation dataset (0.76, 95% CI: 
0.74-0.78). Similar predictive performance was observed for 
the secondary cohort (Table S2 (41)). 

Model fit was assessed using group-based GOF tests, which 
showed no significant overall difference between observed and 
predicted hypothyroidism events (overall P = .47, Table 3). 
Acceptable model GOF test results were also found when as-
sessed on a subset of patients with stage 5 CKD (ie, eGFR 
<15 mL/min/1.73 m2) (P = .33, Table 4). Similarly, model 
GOF was acceptable in the secondary cohort (all P > .15; re-
sults not shown). Calibration plots were examined for 
1-year to 5-year event/incident hypothyroidism probabilities 

(observed vs predicted probabilities), and calibration plots 
for 3-year hypothyroidism probabilities are illustrated else-
where (Fig. S2 (41)), where results that are graphically consist-
ent with the group-based GOF tests are shown. As is typical, 
calibration was slightly better in the development data than 
in the validation dataset. 

Illustration of Model Prediction 
Using scores from our main model, we presented the estimated 
probabilities of hypothyroidism at 1, 2, 3, 4, and 5 years from 
baseline for 4 hypothetical clinical scenarios (ie, defined as 
Patients A-D) with an “average” baseline TSH level of 
1.96 mIU/L and a “higher” baseline TSH level of 4.0 mIU/L 
(Table 5). For a hypothetical Patient A with an average base-
line TSH level and who is of younger age (<60 years old); is 
relatively healthier at baseline (ie, no underlying hypertension 
nor heart failure and serum albumin >4.0 g/dL); did not 

Table 1. Baseline characteristics of the primary study cohort (overall cohort), the two-thirds development set, and the one-third validation set   

Total Development Validation 

Candidate predictors n (%) n (%) n (%)  

Total n 15 642 10 428 5214 

Age, years 60 ± 18 60 ± 18 59 ± 18  

Age <60 6887 (44) 4559 (44) 2328 (45)  

Age ≥60 8755 (56) 5869 (56) 2886 (55) 

Female 10 550 (67) 6988 (67) 3562 (68) 

Male 5092 (33) 3440 (33) 1652 (32) 

Race        

Non-Hispanic White 10 428 (67) 6986 (67) 3442 (66)  

Non-Hispanic Black 3000 (19) 1978 (19) 1022 (20)  

Hispanic 1281 (8) 849 (8) 432 (8)  

Other/Missing 933 (6) 615 (6) 318 (6) 

eGFR, mL/min/1.73 m2 18 (9, 25) 18 (9, 25) 18 (9, 25)  

eGFR <15 6472 (41) 4316 (41) 2156 (41)  

eGFR 15-<30 9170 (59) 6112 (59) 3058 (59) 

CCI 0 (0, 0) 0 (0, 0) 0 (0, 0)  

CCI ≤2 14 427 (92) 9608 (92) 4819 (92)  

CCI >2 1215 (8) 820 (8) 395 (8) 

Diabetes 6494 (42) 4324 (41) 2170 (42) 

Hypertension 10 365 (66) 6880 (66) 3485 (67) 

Heart failure 3670 (23) 2461 (24) 1209 (23) 

Receipt of contrast-enhanced angiogram or CT scan 4386 (28) 2918 (28) 1468 (28) 

Amiodarone use 984 (6) 670 (6) 314 (6) 

BMI, kg/m2 28.1 (23.7, 33.9) 28.1 (23.7, 33.9) 28.3 (23.6, 33.9)  

BMI ≤30 9274 (59) 6195 (59) 3079 (59)  

BMI >30 6368 (41) 4233 (41) 2135 (41) 

Baseline TSH, mIU/L 1.70 (1.10, 2.58) 1.70 (1.10, 2.58) 1.69 (1.11, 2.59) 

FT4, ng/dL 1.04 (0.90, 1.20) 1.04 (0.90, 1.20) 1.04 (0.90, 1.20) 

eGFR slope −3.7 (−4.5, −2.9) −3.7 (−4.5, −2.9) −3.7 (−4.5, −2.9) 

Albumin, g/dL 3.7 (3.1, 4.1) 3.7 (3.1, 4.1) 3.7 (3.1, 4.1)  

Albumin <4.0 10 528 (67) 7023 (67) 3505 (67)  

Albumin ≥4.0 5114 (33) 3405 (33) 1709 (33) 

Abbreviations: eGFR, estimated glomerular filtration rate; CCI, Charlson Comorbidity Index; CT, computed tomography; BMI, body mass index; FT4, free 
thyroxine.   
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receive an angiogram or CT scan with iodinated contrast; and 
was not prescribed amiodarone, the estimated probability of 
incident hypothyroidism at 3-year follow-up from the index 
eGFR (ie, postbaseline) is low at 4.7% (Patient A: Scenario 
1, Table 5). However, as might be expected, this risk increases 
to 18.2% if Patient A’s baseline TSH is higher at 4.0 mIU/L 
(Patient A: Scenario 2, Table 5). 

For a hypothetical Patient B with the same characteristics as 
Patient A, except for having previously received an angiogram 
and/or CT scan with iodinated contrast and prescription of 
amiodarone, the risk of developing de novo hypothyroidism is 
substantially elevated to 8.8% and 32.1% when the baseline 
TSH is 1.96 mIU/L and 4.0 mIU/L, respectively (Patient B: 
Scenarios 1 and 2, Table 5). For Patient C, who has the same 
characteristics as Patient A, except for being of older age (≥60 
years), the estimated risk of incident hypothyroidism is also 
higher at 5.6% and 21.6% when the baseline TSH is 
1.96 mIU/L and 4.0 mIU/L, respectively (Patient C: Scenarios 
1 and 2, Table 5). Finally, for Patient D, who has the same char-
acteristics as Patient B, except for being of older age (≥60 years), 
the estimated risk of incident hypothyroidism is as high as 
10.5% and 37.4% when the baseline TSH is 1.96 mIU/L and 
4.0 mIU/L, respectively (Patient D: Scenarios 1 and 2, Table 5). 

Discussion 
In this study, we developed and validated a prediction tool for 
estimating the risk of de novo hypothyroidism in a national con-
temporary cohort of US adults with moderate to advanced CKD. 
Using detailed longitudinal de-identified data from the national 
Optum Labs Data Warehouse, we identified combinations 
of clinical characteristics, including socio-demographics, 

comorbidities, receipt of procedures/medications, and labora-
tory test patterns that predicted the risk of developing incident 
hypothyroidism among patients with stages 4 to 5 CKD. In the 
primary prediction model that was developed from our main co-
hort’s development set with complete clinical data, the risk pre-
diction tool demonstrated good performance with respect to 
model discrimination and calibration. Similar predictive discrim-
ination and calibration performance was observed for the sec-
ondary cohort that included patients with missing BMI and 
serum albumin data, as well as in sensitivity analyses of a subset 
of patients with stage 5 CKD. 

While epidemiologic studies have uncovered a high burden 
of hypothyroidism across multiple diverse CKD cohorts (4, 6,  
27, 28, 50-53), thyroid dysfunction remains an under- 
recognized endocrine disorder in CKD patients (3). Although 
the mechanistic link between thyroid dysfunction in kidney dis-
ease has not been fully elucidated (1-3), various risk factors 
have been implicated in the development of hypothyroidism 
(ie, contrast-enhanced procedures (34-36), medications (54- 
57)), some of which are commonly observed in CKD patients 
(1-3). However, in current clinical practice, there remains sub-
stantial uncertainty of whether thyroid function should be 
screened and monitored in the vast numbers of CKD patients; 
even in the non-CKD population, there are widely varying 
screening recommendations across clinical practice guidelines 
(58-65). Despite growing data demonstrating the adverse im-
pact of hypothyroidism on the cardiovascular health (16-20), 
patient-reported outcomes (15), and survival of CKD patients 
(25-30), many cases remain under-detected and untreated. 
Hence, convenient and practical clinical tools are needed to 
identify CKD patients at heightened risk for thyroid disease 
and its related end-organ complications. 

Table 2. Cox regression model for predicting incident hypothyroidism   

Parameter HR (95% CI) P  

Age, years        

Age <60 Ref.      

Age ≥60 0.1935 1.21 (1.06-1.39) .005 

Race/ethnicity        

Non-Hispanic White Ref.      

Non-Hispanic Black −0.3427 0.71 (0.59-0.85) <.001  

Hispanic −0.0921 0.91 (0.72-1.15) .44  

Other/Missing −0.0148 0.99 (0.76-1.28) .91 

Baseline TSH 0.715 2.04 (1.95-2.15) <.001 

Albumin, g/dL        

Albumin <4.0 Ref.      

Albumin ≥4.0 −0.2422 0.78 (0.69-0.90) <.001 

BMI, kg/m2        

BMI ≤30 Ref.      

BMI >30 −0.1559 0.86 (0.76-0.97) .01 

Hypertension 0.181 1.20 (1.03-1.39) .02 

Heart failure 0.371 1.45 (1.26-1.67) <.001 

Angiogram, CT scan with iodinated contrast 0.1733 1.19 (1.04-1.35) .009 

Medication: amiodarone 0.4957 1.64 (1.36-1.98) <.001 

Model parameter estimates before application of shrinkage factor of 0.9847. Final coefficients are multiplied by this shrinkage parameter. The estimated event 
(hypothyroidism) probability at time t can be obtained as: 1-S0(t)exp(PS*), where PS*=γ×LP, γ is the shrinkage factor, and LP is the linear predictor using the 
given parameter estimates. S0(t) at t = 1, 2, 3, 4, and 5 year is 0.9689, 0.9507, 0.9355, 0.9259, and 0.9137, respectively. 
Abbreviations: BMI, body mass index; CT, computed tomography; PS, prognostic score.   
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As the first study to develop a prediction tool that systemat-
ically estimates the risk of incident hypothyroidism in CKD pa-
tients, our findings address a major unmet need in the 
management of this population. By leveraging clinical data eas-
ily accessible in claims data and/or EHRs, we were able to esti-
mate the predicted probabilities of developing incident 
hypothyroidism at various time courses. Notably, in the hypo-
thetical scenario of a relatively healthy patient (ie, no under-
lying hypertension, heart failure, nor overweight status, and 
with adequate nutritional status) with a high-normal baseline 
TSH who received a prior contrast-enhanced angiogram and/ 
or CT scan and amiodarone, the 3-year probability of develop-
ing hypothyroidism was estimated to be as high as ∼25% to 
30% (depending on age). In a similar hypothetical patient 
with the same clinical characteristics except for not having re-
ceipt of a prior contrast-enhanced angiogram and/or CT scan 
nor amiodarone, we found that the 2-year estimated 

probability remained as high as ∼14% to 17%. Given the 
lack of screening recommendations for thyroid dysfunction 
specific to the CKD population, our convenient risk prediction 
tool can inform the clinical management of these patients by 
identifying those who warrant prioritized screening, serial 
monitoring, and long-term treatment. Furthermore, by using 
clinical data readily available in medical records, our score 
lends itself to automated implementation in the EHR. Future 
corollary studies are needed to determine the performance of 
this prediction model in other CKD cohorts, as well as how 
to effectively implement and disseminate this prediction tool 
throughout other health care systems. 

Another noteworthy finding of our study was the identifica-
tion of several modifiable risk factors associated with develop-
ing hypothyroidism in CKD. We observed that receipt of a 
prior angiogram and/or CT scan with iodinated contrast, as 
well as prescription of amiodarone were each potent 

Figure 1. Distribution of the risk score and 3-year predicted event probability of incident hypothyroidism (solid curve). Dashed vertical lines indicates the 
25th, 50th and 75th percentiles of the risk score. (A) Development dataset and (B) validation dataset.  

Table 3. Group-based goodness-of-fit test results for hypothyroidism for all patients 

Deciles All patients 

Risk score n Observed (O) Expected (E) O/E P  

1 ≤−1.03 1043 21 27.0 0.78 .25 

2 >−1.03 to −0.795 1043 32 36.2 0.89 .49 

3 >−0.795 to 0.594 1044 41 43.1 0.95 .75 

4 >−0.594 to −0.376 1041 45 51.7 0.87 .35 

5 >−0.376 to −0.152 1043 64 63.4 1.01 .94 

6 >−0.152 to 0.0804 1043 75 78.2 0.96 .72 

7 >0.0804 to 0.368 1042 99 97.1 1.02 .85 

8 >0.368 to 0.75 1043 150 132.3 1.13 .12 

9 >0.75 to 1.32 1043 215 193.9 1.11 .13 

10 >1.32 1043 356 375.3 0.95 .32 

Total   10 428 1098 1098.2 1.00   

Over all χ2 = 8.63, df = 9, P for goodness-of-fit test = 0.47.   
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predictors of incident hypothyroidism, and amiodarone use 
was in fact found to be among the strongest factors linked 
with the largest increase in the risk of developing de novo 
hypothyroidism. It bears mention that, in the general popula-
tion, exposure to iodinated contrast media has been associ-
ated with incident hypothyroidism and hyperthyroidism in 
various adult (34, 36) and pediatric cohorts (35). Notably, 
CKD patients are frequently exposed to iodine from 
contrast-enhanced imaging studies (eg, fistulograms, cardiac 
catheterizations, peripheral angiograms, CT scans) which 
may confer 90 to 400 000 times the daily recommended intake 
(34, 36), and it has been suggested that impaired iodine clear-
ance and retention in kidney dysfunction may lead to hypo-
thyroidism via the Wolff–Chaikoff effect (1-3, 66). 
Furthermore, CKD patients have a disproportionately higher 

burden of atrial fibrillation vs their non-CKD counterparts 
(67, 68), and consequently are more likely to receive amio-
darone (69). In light of the potential direct toxicity of amio-
darone on the thyroid (70) and guideline-based 
recommendations to monitor thyroid function with receipt 
of this antiarrhythmia agent (71, 72), it is possible that thy-
roid exposure to excess iodine in the context of reduced 
GFR may exacerbate the profound thyroid-related sequelae 
of this medication. Given the high utilization of these proce-
dures and medications in CKD patients, our findings suggest 
that closer monitoring of thyroid function is particularly war-
ranted in those with underlying kidney dysfunction following 
exposure to iodinated contrast media and/or amiodarone. 

While the discriminatory performance of our risk score may 
be improved by adding other factors such as dietary intake (ie, 

Table 4. Group-based goodness-of-fit test results for hypothyroidism for patients with estimated glomerular filtrate rate (eGFR) <15 mL/min/1.73 m2 

Deciles Patients with eGFR <15 mL/min/1.73 m2 

Risk score n Observed (O) Expected (E) O/E P  

1 ≤−1.07 432 11 10.9 1.01 .97 

2 >−1.07 to −0.832 433 14 14.3 0.98 .93 

3 >−0.832 to −0.638 430 15 17.1 0.88 .61 

4 >−0.638 to −0.431 432 25 20.4 1.22 .31 

5 >−0.431 to −0.226 431 26 24.7 1.05 .80 

6 >−0.226 to 0.0116 432 34 29.8 1.14 .44 

7 >0.0116 to 0.3 431 44 37.3 1.18 .28 

8 >0.3 to 0.692 432 63 47.2 1.33 .02 

9 >0.692 to 1.22 431 79 74.8 1.06 .63 

10 >1.22 432 132 151.9 0.87 .11 

Total   4316 443 428.5 1.03   

Over all χ2 = 10.25, df = 9, P for goodness-of-fit test = 0.33.  

Table 5. Predicted probabilities for incident hypothyroidism at 1, 2, 3, 4, and 5 years with 95% CI for 4 patients/clinical scenarios (Patients A-D) 
with an average baseline thyrotropin (TSH) of 1.96 mIU/L (Scenario 1) and higher TSH of 4.0 mIU/L (Scenario 2) using the prediction model for 
some typical clinical scenarios 

Probability (%) of 
hypothyroidism 

Our new model with all variables 

1 year 2 year 3 year 4 year 5 year 

Estimate 95% CI Estimate 95% CI Estimate 95% CI Estimate 95% CI Estimate 95% CI  

Patient A1-TSH 1.96 2.2 1.8-2.7 3.6 2.9-4.2 4.7 3.8-5.5 5.4 4.4-6.3 6.3 5.2-7.3 

Patient A2-TSH 4.0 9.1 7.4-10.8 14.2 11.6-16.6 18.2 15.1-21.2 20.8 17.3-24.1 23.8 19.9-27.5 

Patient B1-TSH 1.96 4.3 3.1-5.4 6.8 5.0-8.5 8.8 6.5-11.0 10.1 7.5-12.6 11.7 8.7-14.6 

Patient B2-TSH 4.0 16.8 12.5-20.9 25.5 19.3-31.2 32.1 24.6-38.8 36.1 27.9-43.4 40.8 31.8-48.6 

Patient C1-TSH 1.96 2.7 2.2-3.2 4.3 3.5-5.0 5.6 4.6-6.6 6.5 5.4-7.6 7.5 6.2-8.8 

Patient C2-TSH 4.0 10.9 8.9-12.8 16.9 14.0-19.6 21.6 18.0-25.0 24.5 20.6-28.3 28.0 23.6-32.2 

Patient D1-TSH 1.96 5.2 3.8-6.5 8.1 6.0-10.1 10.5 7.9-13.1 12.1 9.1-15.0 14.0 10.5-17.3 

Patient D2-TSH 4.0 19.9 15.0-24.6 29.9 23.1-36.2 37.4 29.2-44.6 41.9 33.0-49.6 46.9 37.3-55.1 

Patient A1-A2: Patient age <60, White race, no heart failure and hypertension, did not have an angiogram/CT with iodinated contrast, not on amiodarone, 
albumin ≥4.0 g/dL, body mass index ≤30 kg/m2 and with (A1) average baseline TSH of 1.96 mIU/L and (A2) baseline TSH of 4.0 mIU/L. 
Patient B1-B2: Patient with the same characteristics as A, except have had a prior angiogram/CT with iodinated contrast and on amiodarone for (B1) average 
baseline TSH of 1.9 mIU/L and (B2) baseline TSH of 4.0 mIU/L. 
Patients C1-C2: Patient with the same characteristics as A, except age ≥60 years for (C1) average baseline TSH of 1.96 mIU/L and (C2) baseline TSH of 
4.0 mIU/L. 
Patients D1-D2: Patients with the same characteristics as B, except age ≥ 60 years for (D1) average baseline TSH of 1.96 mIU/L and (D2) baseline TSH of 
4.0 mIU/L.   
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consumption of iodine-rich foods (73, 74)) and/or other la-
boratory test results (ie, autoimmune thyroid disease markers 
(75)), these potential predictors are difficult to capture be-
cause they are not consistently assessed in the clinical setting 
and/or required trained specialists for their collection and/or 
interpretation. Future studies may be needed to further de-
velop and refine comprehensive risk models that account for 
additional measures specific to the CKD population that 
may help predict the development of thyroid disease more pre-
cisely. Nonetheless, our study shows that clinical characteris-
tics readily available in claims data and the EHR can be used 
to conveniently risk stratify CKD patients in measuring their 
hypothyroid-related risk. 

The strengths of our study include its examination of a large 
national contemporary cohort of US adults with extended 
follow-up; detailed availability of longitudinal data on socio- 
demographics, comorbidities, procedures, medications, la-
boratory results, and clinical events; and rigorous ascertain-
ment of incident thyroid status. However, several limitations 
of our study bear mention. First, our cohort consisted of pa-
tients with moderate to advanced CKD, and this model should 
be used with caution in patients with milder degrees of kidney 
dysfunction. Hence, future study of model refinements is 
needed that include a mixture of cohorts more representative 
of earlier-stage CKD patients. Second, the performance of the 
prediction model performance may depend on the accuracy of 
data on comorbidities, procedures, and laboratory results. 
While we used specific diagnostic codes from the claims and 
EHR data, we were not able to confirm their accuracy. 
Third, ascertainment of incident hypothyroidism relied solely 
on serum TSH levels. Given the sparsity of repeated FT4 and 
free triiodothyronine measurements and their unclear accur-
acy in kidney disease (ie, peripheral conversion of T4 to tri-
iodothyronine is sensitive to nonthyroidal illness; routinely 
used FT4 assays are dependent upon protein–hormone bind-
ing, and the presence of uremic toxins that interfere with pro-
tein–hormone binding may lead to spurious levels (1-3, 8, 9,  
76-78)), we utilized serum TSH levels as the most sensitive 
and specific single biochemical metric of thyroid status to 
identify incident hypothyroid cases (7). Although some aber-
rations of TSH have been described in the context of CKD, 
it remains a more robust metric of thyroid status particularly 
in the setting of underlying illness (ie, TSH levels typically re-
main normal in mild–moderate nonthyroidal illness, and be-
come suppressed only in severe critical illness states) (1-3, 8,  
9). Fourth, in our ascertainment of incident hypothyroid 
cases, we did not take into consideration subsequent TSH 
measurements, and it is possible that a proportion of patients 
with modestly aberrant TSH levels may have later reverted to 
reference ranges (79). While there is the possibility of outcome 
misclassification on the basis of using 1 TSH measurement to 
define incident hypothyroidism, the prevalence of hypothy-
roidism observed in our cohort is similar to lower than other 
epidemiologic studies of hypothyroidism in moderate to ad-
vanced CKD patients (25, 27-29). Although a growing num-
ber of population-based studies show a robust association 
between even lower TSH thresholds (ie, >2.5 or 3.0 mIU/L) 
and adverse clinical outcomes (15, 25-29, 42, 45), we selected 
a higher and more conservative TSH threshold of >5.0 mIU/L 
in order to mitigate capture of modest TSH elevations that 
may be transient and/or not associated with worse outcomes. 
While the major objective of the prediction model is to inform 
prioritized screening among CKD patients who are at higher 

risk of hypothyroidism, the implementation of this model in 
the real-world setting should be followed by confirmatory 
testing. Fifth, given that our cohort was derived from retro-
spective claims and EHR data, we were not able to ascertain 
the indications for TSH testing. It is possible that these pa-
tients may have had a higher than average perceived risk of 
thyroid disease, and while this may affect influence generaliz-
ability, given that these criteria applied equally to patients in-
cluded in the cohort irrespective of exposure to predictor 
variables, this should not affect internal validity (ie, bias). 
Sixth, while thyroid autoimmunity is a known risk factor 
for hypothyroidism in the general population, due to the 
sparse measurement of antithyroid peroxidase antibodies 
within the cohort, we were not able to include this covariate 
within the prediction models. Finally, we cannot exclude the 
possibility of noncapture of clinical data including thyroid 
functional tests where claims are not part of Optum Labs 
Data Warehouse. However, our eligibility criterion requiring 
a minimum period of continuous enrollment of 1 year follow-
ing the index eGFR measurement within the claims dataset 
mitigates this potential risk. 

In conclusion, we developed and validated an innovative 
prediction tool for hypothyroidism among a national cohort 
of US adults with CKD that can be broadly applied in the clin-
ical setting. Our tool addresses a previously unmet need in 
CKD patients by identifying those who warrant prioritized 
screening, serial monitoring, and potential long-term treat-
ment for thyroid dysfunction. Additionally, these findings 
have the potential to improve the quality of care of CKD pa-
tients by bringing attention to hypothyroidism as a highly 
prevalent yet under-recognized endocrine complication of 
kidney disease. 

Funding 
The authors have been supported by research grants from 
the NIH/NIDDK during the preparation of this study: 
K23-DK102903 (C.M.R.), R03-DK114642 (C.M.R.), 
R01-DK122767 (C.M.R.), R01-DK124138 (C.M.R., K.K.Z.), 
K24-DK091419 (K.K.Z.), R44-DK116383 (K.K.Z.), and 
R01-DK092232 (D.V.N.). Resources for this study were sup-
ported by a University of California Research in Optum Labs 
Data Warehouse Research Credit Award (C.M.R.). 

Disclosures 
None of the authors have any relevant conflicts of interest to 
report. 

Data Availability 
Restrictions apply to the availability of some or all data gen-
erated or analyzed during this study to preserve patient confi-
dentiality or because they were used under license. The 
corresponding author will on request detail the restrictions 
and any conditions under which access to some data may be 
provided. 

References 
1. Narasaki Y, Sohn P, Rhee CM. The interplay between thyroid dys-

function and kidney disease. Semin Nephrol. 2021;41(2):133-143.  

8                                                                                                    The Journal of Clinical Endocrinology & Metabolism, 2023, Vol. 00, No. 0 
D

ow
nloaded from

 https://academ
ic.oup.com

/jcem
/advance-article/doi/10.1210/clinem

/dgad261/7163133 by U
niversity of C

alifornia, Irvine user on 16 June 2023



2. Rhee CM. The interaction between thyroid and kidney disease: an 
overview of the evidence. Curr Opin Endocrinol Diabetes Obes. 
2016;23(5):407-415. 

3. Rhee CM, Brent GA, Kovesdy CP, et al. Thyroid functional disease: 
an under-recognized cardiovascular risk factor in kidney disease pa-
tients. Nephrol Dial Transplant. 2015;30(5):724-737. 

4. Rhee CM, Kalantar-Zadeh K, Streja E, et al. The relationship be-
tween thyroid function and estimated glomerular filtration rate in 
patients with chronic kidney disease. Nephrol Dial Transplant. 
2015;30(2):282-287. 

5. Hollowell JG, Staehling NW, Flanders WD, et al. Serum TSH, T(4), 
and thyroid antibodies in the United States population (1988 to 
1994): National Health and Nutrition Examination Survey 
(NHANES III). J Clin Endocrinol Metab. 2002;87(2):489-499. 

6. Lo JC, Chertow GM, Go AS, Hsu CY. Increased prevalence of sub-
clinical and clinical hypothyroidism in persons with chronic kidney 
disease. Kidney Int. 2005;67(3):1047-1052. 

7. Pun PH, Lehrich RW, Honeycutt EF, Herzog CA, Middleton JP. 
Modifiable risk factors associated with sudden cardiac arrest within 
hemodialysis clinics. Kidney Int. 2011;79(2):218-227. 

8. Bowling CB, Pitt B, Ahmed MI, et al. Hypokalemia and outcomes in 
patients with chronic heart failure and chronic kidney disease: find-
ings from propensity-matched studies. Circ Heart Fail. 2010;3(2): 
253-260. 

9. Geleijnse JM, Witteman JC, Stijnen T, Kloos MW, Hofman A, 
Grobbee DE. Sodium and potassium intake and risk of cardiovas-
cular events and all-cause mortality: the Rotterdam study. Eur J 
Epidemiol. 2007;22(11):763-770. 

10. Gencer B, Collet TH, Virgini V, et al. Subclinical thyroid dysfunc-
tion and the risk of heart failure events: an individual participant 
data analysis from 6 prospective cohorts. Circulation. 
2012;126(9):1040-1049. 

11. Inoue K, Ritz B, Brent GA, Ebrahimi R, Rhee CM, Leung AM. 
Association of subclinical hypothyroidism and cardiovascular dis-
ease with mortality. JAMA Netw Open. 2020;3(2):e1920745. 

12. Rhee CM, Curhan GC, Alexander EK, Bhan I, Brunelli SM. 
Subclinical hypothyroidism and survival: the effects of heart failure 
and race. J Clin Endocrinol Metab. 2013;98(6):2326-2336. 

13. Ro K, Yuen AD, Du L, et al. Impact of hypothyroidism and heart 
failure on hospitalization risk. Thyroid. 2018;28(9):1094-1100. 

14. Rodondi N, den Elzen WP, Bauer DC, et al. Subclinical hypothy-
roidism and the risk of coronary heart disease and mortality. 
JAMA. 2010;304(12):1365-1374. 

15. Rhee CM, Chen Y, You AS, et al. Thyroid status, quality of life, and 
mental health in patients on hemodialysis. Clin J Am Soc Nephrol. 
2017;12(8):1274-1283. 

16. Saleh T, Sumida K, Molnar MZ, et al. Effect of age on the associ-
ation of vascular access type with mortality in a cohort of incident 
end-stage renal disease patients. Nephron. 2017;137(1):57-63. 

17. Meuwese CL, Carrero JJ, Cabezas-Rodriguez I, et al. Nonthyroidal 
illness: a risk factor for coronary calcification and arterial stiffness 
in patients undergoing peritoneal dialysis? J Intern Med. 
2013;274(6):584-593. 

18. Meuwese CL, Olauson H, Qureshi AR, et al. Associations between 
thyroid hormones, calcification inhibitor levels and vascular calcifi-
cation in End-stage renal disease. PLoS One. 2015;10(7): 
e0132353. 

19. Yilmaz MI, Sonmez A, Karaman M, et al. Low triiodothyronine al-
ters flow-mediated vasodilatation in advanced nondiabetic kidney 
disease. Am J Nephrol. 2011;33(1):25-32. 

20. You AS, Budoff M, Zeb I, et al. Elevated serum thyrotropin levels 
and endothelial dysfunction in a prospective hemodialysis cohort. 
Hemodial Int. 2022;26(1):57-65. 

21. Di Iorio BR, Di Micco L, Marzocco S, et al. Very Low-Protein Diet 
(VLPD) reduces metabolic acidosis in subjects with chronic kidney 
disease: the “nutritional light signal” of the renal acid load. 
Nutrients. 2017;9(1):69. 

22. Chuang MH, Liao KM, Hung YM, Wang PY, Chou YC, Chou P. 
Abnormal thyroid-stimulating hormone and chronic kidney disease 

in elderly adults in Taipei city. J Am Geriatr Soc. 2016;64(6): 
1267-1273. 

23. Huang CW, Li BH, Reynolds K, Jacobsen SJ, Rhee CM, Sim JJ. 
Association between hypothyroidism and chronic kidney disease 
observed among an adult population 55 years and older. 
Medicine (Baltimore). 2020;99(17):e19569. 

24. Zhang Y, Chang Y, Ryu S, et al. Thyroid hormone levels and inci-
dent chronic kidney disease in euthyroid individuals: the Kangbuk 
Samsung health study. Int J Epidemiol. 2014;43(5):1624-1632. 

25. Rhee CM, Alexander EK, Bhan I, Brunelli SM. Hypothyroidism 
and mortality among dialysis patients. Clin J Am Soc Nephrol. 
2013;8(4):593-601. 

26. Rhee CM, Kalantar-Zadeh K, Ravel V, et al. Thyroid status and 
death risk in US veterans with chronic kidney disease. Mayo Clin 
Proc. 2018;93(5):573-585. 

27. Rhee CM, Kim S, Gillen DL, et al. Association of thyroid functional 
disease with mortality in a national cohort of incident hemodialysis 
patients. J Clin Endocrinol Metab. 2015;100(4):1386-1395. 

28. Rhee CM, Ravel VA, Streja E, et al. Thyroid functional disease and 
mortality in a national peritoneal dialysis cohort. J Clin Endocrinol 
Metab. 2016;101(11):4054-4061. 

29. Rhee CM, You AS, Nguyen DV, et al. Thyroid status and mortality 
in a prospective hemodialysis cohort. J Clin Endocrinol Metab. 
2017;102(5):1568-1577. 

30. You AS, Sim JJ, Kovesdy CP, et al. Association of thyroid status pri-
or to transition to end-stage renal disease with early dialysis mortal-
ity. Nephrol Dial Transplant. 2019;34(12):2095-2104. 

31. Lee S, Cho E, Grodstein F, Kawachi I, Hu FB, Colditz GA. Effects of 
marital transitions on changes in dietary and other health behav-
iours in US women. Int J Epidemiol. 2005;34(1):69-78. 

32. Schectman JM, Kallenberg GA, Hirsch RP, Shumacher RJ. Report 
of an association between race and thyroid stimulating hormone 
level. Am J Public Health. 1991;81(4):505-506. 

33. Surks MI, Boucai L. Age- and race-based serum thyrotropin refer-
ence limits. J Clin Endocrinol Metab. 2010;95(2):496-502. 

34. Kalantar-Zadeh K, Tortorici AR, Chen JL, et al. Dietary restrictions 
in dialysis patients: is there anything left to eat? Semin Dial. 
2015;28(2):159-168. 

35. Barr ML, Chiu HK, Li N, et al. Thyroid dysfunction in children ex-
posed to iodinated contrast Media. J Clin Endocrinol Metab. 
2016;101(6):2366-2370. 

36. Rhee CM, Bhan I, Alexander EK, Brunelli SM. Association between 
iodinated contrast media exposure and incident hyperthyroidism 
and hypothyroidism. Arch Intern Med. 2012;172(2):153-159. 

37. Biondi B. Thyroid and obesity: an intriguing relationship. J Clin 
Endocrinol Metab. 2010;95(8):3614-3617. 

38. Marzullo P, Minocci A, Tagliaferri MA, et al. Investigations of thy-
roid hormones and antibodies in obesity: leptin levels are associated 
with thyroid autoimmunity independent of bioanthropometric, 
hormonal, and weight-related determinants. J Clin Endocrinol 
Metab. 2010;95(8):3965-3972. 

39. Tollefson MM, Van Houten HK, Asante D, Yao X, Maradit 
Kremers H. Association of psoriasis with comorbidity development 
in children with psoriasis. JAMA Dermatol. 2018;154(3):286-292. 

40. Wakeman SE, Larochelle MR, Ameli O, et al. Comparative effect-
iveness of different treatment pathways for opioid use disorder. 
JAMA Netw Open. 2020;3(2):e1920622. 

41. Rhee CM, You AS, Narasaki Y, et al. Supplemental Material: 
Development and validation of a prediction model for incident 
hypothyroidism in a national chronic kidney disease cohort. J 
Clin Endocrinol Metab. Github (April 15, 2020). 

42. Rhee CM, Budoff M, Brent G, et al. Serum thyrotropin elevation 
and coronary artery calcification in hemodialysis patients. 
Cardiorenal Med. 2022;12(3):106-116. 

43. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity 
index for use with ICD-9-CM administrative databases. J Clin 
Epidemiol. 1992;45(6):613-619.  

The Journal of Clinical Endocrinology & Metabolism, 2023, Vol. 00, No. 0                                                                                                    9 
D

ow
nloaded from

 https://academ
ic.oup.com

/jcem
/advance-article/doi/10.1210/clinem

/dgad261/7163133 by U
niversity of C

alifornia, Irvine user on 16 June 2023



44. Rhee CM, Nguyen DV, Moradi H, et al. Association of adiponectin 
with body composition and mortality in hemodialysis patients. Am 
J Kidney Dis. 2015;66(2):313-321. 

45. You AS, Kalantar-Zadeh K, Lerner L, et al. Association of growth 
differentiation factor 15 with mortality in a prospective hemodialy-
sis cohort. Cardiorenal Med. 2017;7(2):158-168. 

46. Harrell FE Jr, Lee KL, Mark DB. Multivariable prognostic models: 
issues in developing models, evaluating assumptions and adequacy, 
and measuring and reducing errors. Stat Med. 1996; 15(4): 
361-387. 

47. Steyerberg EW, Eijkemans MJ, Harrell FE Jr, Habbema JD. 
Prognostic modelling with logistic regression analysis: a compari-
son of selection and estimation methods in small data sets. Stat 
Med. 2000; 19(8):1059-1079. 

48. Crowson CS, Atkinson EJ, Therneau TM. Assessing calibration of 
prognostic risk scores. Stat Methods Med Res. 2016;25(4): 
1692-1706. 

49. Harrell FE Jr, Califf RM, Pryor DB, Lee KL, Rosati RA. Evaluating 
the yield of medical tests. JAMA. 1982; 247(18):2543-2546. 

50. Chonchol M, Lippi G, Salvagno G, Zoppini G, Muggeo M, Targher 
G. Prevalence of subclinical hypothyroidism in patients with chron-
ic kidney disease. Clin J Am Soc Nephrol. 2008;3(5):1296-1300. 

51. Lippi G, Montagnana M, Targher G, Salvagno GL, Guidi GC. 
Relationship between thyroid status and renal function in a general 
population of unselected outpatients. Clin Biochem. 2008;41(7-8): 
625-627. 

52. Targher G, Chonchol M, Zoppini G, et al. Prevalence of thyroid 
autoimmunity and subclinical hypothyroidism in persons with 
chronic kidney disease not requiring chronic dialysis. Clin Chem 
Laboratory Med. 2009;47(11):1367-1371. 

53. Woodward A, McCann S, Al-Jubouri M. The relationship between 
estimated glomerular filtration rate and thyroid function: an obser-
vational study. Ann Clin Biochem. 2008;45(Pt 5):515-517. 

54. Bogazzi F, Bartalena L, Gasperi M, Braverman LE, Martino E. The 
various effects of amiodarone on thyroid function. Thyroid. 
2001;11(5):511-519. 

55. Loh KC. Amiodarone-induced thyroid disorders: a clinical review. 
Postgrad Med J. 2000;76(893):133-140. 

56. Martino E, Bartalena L, Bogazzi F, Braverman LE. The effects of 
amiodarone on the thyroid. Endocr Rev. 2001;22(2):240-254. 

57. Narayana SK, Woods DR, Boos CJ. Management of 
amiodarone-related thyroid problems. Ther Adv Endocrinol 
Metab. 2011;2(3):115-126. 

58. American Academy of Family Physicians. Summary of Policy 
Recommendations for Periodic Health Examinations. American 
Academy of Family Physicians; 2002. 

59. Demirci BG, Tutal E, Eminsoy IO, Kulah E, Sezer S. Dietary fiber 
intake: its relation with glycation End products and arterial stiffness 
in end-stage renal disease patients. J Ren Nutr. 2019;29(2): 
136-142. 

60. Clinical guideline, part 1. Screening for thyroid disease. American 
College of Physicians. Ann Intern Med. 1998; 129(2):141-143. 

61. Garber JR, Cobin RH, Gharib H, et al. Clinical practice guidelines 
for hypothyroidism in adults: cosponsored by the American 
Association of Clinical Endocrinologists and the American 
Thyroid Association. Endocr Pract. 2012;18(6):988-1028. 

62. Garber JR, Cobin RH, Gharib H, et al. Clinical practice guidelines 
for hypothyroidism in adults: cosponsored by the American 
Association of Clinical Endocrinologists and the American 
Thyroid Association. Thyroid. 2012;22(12):1200-1235. 

63. Hunt SA, Baker DW, Chin MH, et al. ACC/AHA guidelines for the 
evaluation and management of chronic heart failure in the adult: 

executive summary. A report of the American College of 
Cardiology/American Heart Association task force on practice 
guidelines (committee to revise the 1995 guidelines for the evalu-
ation and management of heart failure): developed in collaboration 
with the International Society for Heart and Lung Transplantation; 
endorsed by the Heart Failure Society of America. Circulation. 
2001;104(24):2996-3007. 

64. LeFevre ML; U.S. Preventive Services Task Force. Screening for thy-
roid dysfunction: U.S. Preventive services task force recommenda-
tion statement. Ann Intern Med. 2015;162(9):641-650. 

65. Rugge JB, Bougatsos C, Chou R. Screening and treatment of thy-
roid dysfunction: an evidence review for the U.S. Preventive services 
task force. Ann Intern Med. 2015;162(1):35-45. 

66. Lee SY, Rhee CM, Leung AM, Braverman LE, Brent GA, Pearce 
EN. A review: radiographic iodinated contrast media-induced thy-
roid dysfunction. J Clin Endocrinol Metab. 2015;100(2):376-383. 

67. Alonso A, Lopez FL, Matsushita K, et al. Chronic kidney disease is 
associated with the incidence of atrial fibrillation: the atheroscler-
osis risk in communities (ARIC) study. Circulation. 2011;123-
(25):2946-2953. 

68. Watanabe H, Watanabe T, Sasaki S, Nagai K, Roden DM, Aizawa 
Y. Close bidirectional relationship between chronic kidney disease 
and atrial fibrillation: the Niigata preventive medicine study. Am 
Heart J. 2009;158(4):629-636. 

69. Turakhia MP, Blankestijn PJ, Carrero JJ, et al. Chronic kidney dis-
ease and arrhythmias: conclusions from a Kidney Disease: 
Improving Global Outcomes (KDIGO) controversies conference. 
Eur Heart J. 2018;39(24):2314-2325. 

70. Ylli D, Wartofsky L, Burman KD. Evaluation and treatment of 
amiodarone-induced thyroid disorders. J Clin Endocrinol Metab. 
2021;106(1):226-236. 

71. Bahn RS, Burch HB, Cooper DS, et al. Hyperthyroidism and other 
causes of thyrotoxicosis: management guidelines of the American 
Thyroid Association and American Association of Clinical 
Endocrinologists. Endocr Pract. 2011;17(3):456-520. 

72. Ross DS, Burch HB, Cooper DS, et al. 2016 American Thyroid 
Association guidelines for diagnosis and management of hyperthy-
roidism and other causes of thyrotoxicosis. Thyroid. 2016;26(10): 
1343-1421. 

73. Takeda S, Michigishi T, Takazakura E. Iodine-induced hypothy-
roidism in patients on regular dialysis treatment. Case reports. 
Nephron. 1993;65(1):51-55. 

74. Tonelli M, Wiebe N, Hemmelgarn B, et al. Trace elements in hemo-
dialysis patients: a systematic review and meta-analysis. BMC Med. 
2009;7:25. 

75. Ko GJ, Obi Y, Tortorici AR, Kalantar-Zadeh K. Dietary protein in-
take and chronic kidney disease. Curr Opin Clin Nutr Metab Care. 
2017;20(1):77-85. 

76. Rhee CM, Ahmadi SF, Kovesdy CP, Kalantar-Zadeh K. 
Low-protein diet for conservative management of chronic kidney 
disease: a systematic review and meta-analysis of controlled trials. 
J Cachexia Sarcopenia Muscle. 2018;9(2):235-245. 

77. Soldin OP, Soldin SJ. Thyroid hormone testing by tandem mass 
spectrometry. Clin Biochem. 2011;44(1):89-94. 

78. Soldin SJ, Soukhova N, Janicic N, Jonklaas J, Soldin OP. The meas-
urement of free thyroxine by isotope dilution tandem mass spec-
trometry. Clin Chim Acta. 2005;358(1-2):113-118. 

79. Stott DJ, Rodondi N, Bauer DC, Group TS. Thyroid hormone ther-
apy for older adults with subclinical hypothyroidism. N Engl J 
Med. 2017;377(14):e20.   

10                                                                                                  The Journal of Clinical Endocrinology & Metabolism, 2023, Vol. 00, No. 0 
D

ow
nloaded from

 https://academ
ic.oup.com

/jcem
/advance-article/doi/10.1210/clinem

/dgad261/7163133 by U
niversity of C

alifornia, Irvine user on 16 June 2023


	Development and Validation of a Prediction Model for Incident Hypothyroidism in a National Chronic Kidney Disease Cohort
	Materials and Methods
	Source Population
	Ascertainment of Incident Hypothyroidism
	Socio-demographic, Comorbidity, Medication, and Laboratory Data
	Statistical Methods

	Results
	Baseline Characteristics of the Study Cohort
	Development of the Prediction Score for Incident Hypothyroidism
	Internal Validation of the Prediction Score
	Illustration of Model Prediction

	Discussion
	Funding
	Disclosures
	Data Availability
	References


