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4. Rationale:  
 
Background: 
The prevalence of thyroid dysfunction varies by age, sex, race/ethnicity, and geographic factors 
(1,2). The prevalence and treatment targets of thyroid dysfunction in the population are largely 
driven by middle-aged population studies. There is limited available data on the prevalence of 
thyroid dysfunction in the elderly population. Furthermore, some studies have shown that the 
TSH distribution shifts to higher values with increasing age, and hence guidelines for treatment 
of thyroid dysfunction might potentially be different for different age groups (2,3).  
 
Moreover, prior studies have observed prevalence of thyroid dysfunction to be higher in persons 
with diabetes, but the link between thyroid dysfunction and diabetes is controversial (4,5). In 
persons with diabetes, some studies have shown that thyroid disease adversely impacts glycemic 
control. However, our understanding of how thyroid dysfunction, particularly in asymptomatic 
subclinical thyroid disease patients, might affect glycemic control in persons with type 2 diabetes 
mellitus is unclear. Studying these associations may provide important information to inform 
diabetes care since there is little consensus on thyroid disease screening strategies in routine 
diabetes care (4).  
 
Purpose of Study: 
The primary purpose of this study is to investigate the prevalence of thyroid dysfunction in an 
older community-based population and to better understand possible sex and racial disparities 
within this age group. This study further aims to explore the relationship between thyroid 
dysfunction and its role in glycemic control in diabetic patients.   
 
 
5. Main Hypothesis/Study Questions: 
 
Study Questions: 
Q1- What is the prevalence of thyroid dysfunction in an older community-based population? 
Q2- Are there racial and sex differences in the burden of thyroid dysfunction in older adults? 
Q3- Is there a higher burden of thyroid dysfunction in persons with diabetes and is thyroid 
dysfunction associated with glycemic control in diabetes patients?  
 
Study Hypotheses: 
Q1: 

a) There will be a high burden of thyroid dysfunction, especially subclinical hypothyroidism 
in older persons in the community. 

Q2:  
a) African Americans will have a higher burden of thyroid dysfunction compared to whites 
b) The prevalence of thyroid dysfunction will be greater in females compared to males and 

in persons with diabetes compared to those without diabetes    
Q3: 

a) In persons with diabetes, untreated hyper/hypothyroidism will be associated with poor 
glycemic control. 



 
6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 
interest with specific reference to the time of their collection, summary of data analysis, 
and any anticipated methodologic limitations or challenges if present). 
 
Study Design 
Cross sectional analysis 
 
Inclusion/exclusion criteria 
Inclusion Criteria: 

 ARIC visit 5 (2011-2-013) 
 n=6,538 participants 
 all >65 years-old 

Exclusion Criteria: 
 Participants missing TSH/T3/FreeT4 lab test at ARIC 5 visit  

 
Outcomes 
All outcomes will be based on data collected during ARIC visit 5 which took place between 
2011-2013. Participants received the same set of serum blood tests including but not limited to: 
Triiodothyronine (T3), Free thyroxine (FT4), Thyroid peroxidase antibody (TpoAB), Thyroid 
Stimulating Hormone TSH, Glycated Hemoglobin (HbA1c).  

 
1) Primary outcome:  
Prevalence of thyroid dysfunction stratified by age, sex, race and diabetes status. Thyroid 
dysfunction will be defined as any of the following: 

 Clinical (overt) hyperthyroidism 
 Clinical (overt) hypothyroidism 
 Subclinical hyperthyroidism  
 Subclinical hypothyroidism  
 Treated hyperthyroidism  
 Treated hypothyroidism  

 
2) Secondary outcome:  
Relationship between thyroid dysfunction and glycemic control in persons with diabetes. 
 
Study variable definitions: 
We will use the following definitions for each thyroid dysfunction category (main analyses will 
be conducted using ARIC defined cutoffs; we will conduct sensitivity analyses using race-
specific cut-points and Roche-defined cut-points as has been done in previous ARIC papers): 
 

Clinical (overt) Hyperthyroidism: 
 Serum TSH < 0.56mlU/L and free T4 > 1.4 ng/dL 

Clinical (overt) Hypothyroidism: 
 Serum TSH >5.1 mlU/L and free T4 < 0.85ng/dL 

 
 



Subclinical Hyperthyroidism:  
 Normal free T4 (0.85-1.4ng/dL) and serum TSH below lower limit of reference range 

< 0.56mlU/L. 
Subclinical Hypothyroidism: 

 Normal free T4 (0.85-1.4ng/dL) and serum TSH higher than upper limit of reference 
range > 5.1mlU/L. 

Treated hyperthyroidism: 
 Self-reported hyperthyroidism diagnosis by a physician and taking hyperthyroidism 

(anti-thyroid) therapy: methimazole or propylthiouracil  
Treated hypothyroidism: 

 Self-reported hypothyroidism diagnosis by a physician and receiving hypothyroidism 
therapy: T3 supplements or T4 supplements or T3/T4 supplements 
 

To address the relationship between thyroid dysfunction and diabetes, we will define diabetes as 
any of the following: 

 Taking oral hypoglycemic therapy or insulin,  
 Self-reported diabetes diagnosis by a physician,  
 An HbA1c ≥ 6.5% or non-fasting glucose >200mg/dL or fasting glucose >126mg/dL. 

We will conduct sensitivity analyses comparing associations in persons with diagnosed vs 
undiagnosed diabetes. 
 
Other variables:  

 TpoAb positivity will be considered for values > 34IU/ml  
 Normal T3 levels will be defined as 90-168 ng/dL 

 
Statistical Analysis  
We will look at the prevalence of thyroid dysfunction as defined above overall and according to 
categories of age (65-70, 71-75,76-80, 80+), sex (male vs. female), race (white, African 
American), body mass index (normal weight, overweight, obese) and diabetes status (diabetic vs. 
non-diabetic).         
 
We will use multivariable linear and logistic regression models to look at independent variables 
of interest including TSH, FT4, T3 levels, TpoAb levels (and positivity status) in the overall 
population and their associations with demographic and clinical factors. Adjustment variables 
will include demographics, body mass index, history of cardiovascular disease, physical activity, 
smoking habits and alcohol consumption. We will also adjust for clinical variables including the 
use of diabetes medications in participants with a history of diabetes.    
 
We will also examine the association of thyroid parameters and definitions of thyroid 
dysfunction with glycemic control in persons with diagnosed diabetes. We will test for effect 
modification by age, sex, and race. 
 
Anticipated methodological limitations 
The cross-sectional design will limit our ability to draw conclusions about temporality and, as 
with any observational study, residual confounding will be a concern. Power may be limited for 
some analyses, especially for hyperthyroidism and population subgroups. 
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