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Frequent episodes of mild hypoglycemia may be a major risk factor for severe hypoglycemic 
events. In older adults with diabetes, the American Diabetes Association (ADA) recommends 
spending <1% of the time with a glucose <70 mg/dl. Clinical guidelines describe frequent 
hypoglycemia as an “absolute indication” for relaxed glycemic targets and treatment 
deintensification.  
 
Continuous glucose monitoring (CGM) devices measure glucose every 1-15 minutes and 
comprehensively identify biochemical hypoglycemia. However, studies of CGM have largely 
focused on younger adult populations with type 1 diabetes in clinical trials.4 Community-based 
studies in older patients are lacking, particularly for those with type 2 diabetes. Understanding 
the burden and risk factors of mild hypoglycemia in older adults can enhance prevention in 
clinical practice.  
 
Our objective was to characterize the burden and risk factors of CGM-detected hypoglycemia in 
older adults with type 2 diabetes. To accomplish this aim, we collected and analyzed CGM data 
in a large, diverse cohort of older adults with type 2 diabetes. 
  
 
5. Main Hypothesis/Study Aims:  

1) What is the burden of CGM-detected hypoglycemia in very old adults with type 2 
diabetes  

2) How does the occurrence of CGM-detected hypoglycemia vary across time of day 
3) What are risk factors for CGM-detected hypoglycemia in very old adults with type 2 

diabetes  
 
 
6. Design and analysis - please address the following aspects: 

a) Inclusion/exclusion 
b) Study design 
c) Outcome and other variables of interest with specific reference to the time of their 

collection 
d) Summary of data analysis  
e) Any anticipated methodologic limitations or challenges if present  

 
Study design: Cross-sectional (study visit 9) 
 
Study population: Persons with diabetes (defined as a physician diagnosis or use of glucose 
lowering medication at prior study visits) who had CGM at visit 9. 
 
Outcomes: Definitions of hypoglycemia are summarized in Table 1 and are based on clinical 
CGM guidelines.6,7 Our primary outcome will be percentage of time spent with 
hypoglycemia, defined as CGM-glucose <70 mg/dl.  We will also characterize the proportion 
of participants who spent>=1% of time with hypoglycemia. We will examine the number and 
duration of hypoglycemic episodes. We will define an episode as having at least two 
consecutive (>15 minutes) CGM glucose readings <70 mg/dl, and an “extended” episode as 
at least eight consecutive (120 minutes) CGM glucose readings <70 mg/dl. A hypoglycemic 
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episode will be considered “resolved” when CGM glucose is ≥70 mg/dl for two consecutive 
readings. In secondary analyses, we will repeat all analyses using lower glucose cutpoints to 
define hypoglycemia (<60 mg/dl; <54 mg/dl). 
 
Table 1 – Defintion of hypoglycemic outcomes 
 

Outcome Definition 
Time with hypoglycemia Percentage of time with CGM glucose <70 mg/dl 

(continuous measure) 
“Excessive” hypoglycemia Proportion of participants that spent >1% of time 

with CGM glucose <70 mg/dl  
(binary measure) 

Number of hypoglycemic episodes An episode is defined as having at least two 
consecutive CGM glucose readings <70 mg/dl. 
An episode is considered “resolved” when 
glucose is above ≥70 mg/dl for two consecutive 
readings (continuous measure) 

Duration of hypoglycemic episodes Total duration of time (minutes) between the start 
and end of each hypoglycemia episode 
(continuous measure) 

 
Risk factors 
 
Based on prior studies of hypoglycemia risk factors,8,9 we will examine the following 
comorbidities: 
 

Measure Defintion 
History of severe 
hypoglycemia 

ICD 9 or 10 code for severe hypoglycemia in hospital records or 
CMS claims  

Chronic kidney 
disease 

eGFR<60 or ACR>30. eGFR will be estimated used the new race-
free CKD-EPI equation. 

Heart disease Coronary heart disease, stroke, or heart failure – adjudicated events 
at or prior to visit 9 

Frailty Any 3 of exhaustion, low physical activity, weakness, slow walking 
speed, unintentional weight loss (only up to visit 8 currently – to be 
updated as soon as data are available) 

Poor physical 
functioning 

Score <7 on Short Physical Performance Battery (only up to visit 8 
currently – to be updated as soon as data are available) 

Dementia or mild 
cognitive 
impairment 

Based on neurocognitive testing and dementia adjudication (only up 
to visit 8 currently – to be updated as soon as data are available) 

 
Statistical analysis 

1. Baseline characteristics, by medication use (those using versus not using insulin or 
sulfonylurea) 

2. Characterize distribution of time spent with hypoglycemia, by medication use 
a. Generate histograms of percentage of time spent with CGM glucose<70 mg/dl 
b. Calculate % with >=1% time in hypoglycemia 
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3. Characterize distribution of time spent with hypoglycemia across time of day, by 
medication use 

a. Calculate the median amount of time spent with hypoglycemia across each hour 
of the day 

b. Calculate the median amount of time spent with hypoglycemia during daytime 
(6:00 am to 11:59 pm) and nighttime (12:00 am to 5:59 am) 

4. Characterize number and duration of hypoglycemic events, by medication use 
a. Generate histograms of number and duration of hypoglycemic episodes 
b. Calculate median and mean # of episodes  
c. Calculate median and mean duration hypoglycemic episodes  

5. Examine risk factors of hypoglycemia 
a. Examine associations between risk factors and median time with hypoglycemia 

using quintile regression, adjusted for age and sex 
b. Estimate models overall and by medication use 
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11.a. Is this manuscript proposal associated with any ARIC ancillary studies or does it  

use current [or ongoing] ancillary study data (this includes ACHIEVE)? 
 
☒ Yes  ☐ No Skip to question 12 
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