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Introduction: 
 
Subject: Research regarding older adults and, in particular, those with diabetes, lags 
far behind research on other population segments. Consider ing the projected increas e 
in elderly patients with diabetes, it is important to study novel  but practical strategies to 
achieve better glycemic control and to improve quality of life in this population.   
 
Purpose: To test whether short-term focused intervention by a geriatric multidisciplinary 
team with the addition of a geriatric life specialis t is superior to usual care (with attention 
control) in improving glycemi c, functional, economic and qual ity of life parameters in 
elderly patients with diabetes, and whether these in terventions have persist ent effects 
on outcome measures. In addition, the study  also evaluates changes in cerebral 
perfusion in elderly with type 2 diabetes fo llowing six months in tervention and asses s 
whether changes in cerebral perfusion persist at a one-year follow up.  
 
Scope of the Research: In this study, patients ov er age 70 with diabetes are 
randomized to care by either geriatric dia betes intervention team (GDT) or attention 
control group. Subjects in GDT group undergo comprehensive geriatric assessment and 
have indiv idualized intervention performed with help of a g eriatric life specia list. 
Intervention by GDT includes focused strategi es to ov ercome barriers in the areas of 
clinical car e, education, social environmen t, and finances. At the end of 6 months of 
intervention, the goal is to dev elop a  sup port network that will empower patients to  
sustain im provements seen dur ing the interv ention. After 6 months of independence 
period (no contact from GDT), outcome par ameters are measured again to see if 
improvement at 6 months is  sustained after 12 months. The subjects in the control 
group hav e similar c ontact time as the GDT group, but with a rese arch team witho ut 
geriatric expertise. Improvement in clinic al, functional, quality of life and economical 
outcome measures in both groups are compared at 6 and 12 m onths intervals. At these 
time points (0, 6 and 12 months) patients are also evaluated f or effect of improved 
glycemic control on cerebral perfusion and glycemic excursions. 
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Project Tasks: 
 
Task 1: Program Set-up & training and recruitm ent of study subjects (Mos. 0-36): at 

Joslin Clinic 
 
 During the first year of the study, we received approval from Human Rese arch 

Protection office (HRPO) at the USAMRM C, for our protocol for co mpliance with applicable 
federal, DOD, and Army human subjects protecti on regulations.  Final approval of the whol e 
study protocol including the portion of the st udy to be performed at t he BIDMC was received 
on 2/8/2008.  

 During the second year, we have received permission to recruit patients from the 
Beth Israel Deacones s Medical Center (BIDMC ) to increase our recruitment pool. We also 
received permission t o perform continuous  glucos e monitoring in study subjects to gain 
insight in t o 24 hours glucose patterns and gluc ose excursions in elderly  subjects. We have 
increased our recruitment efforts and have been able to increase the rate of recruitment. 

 With additional efforts, we hav e been s uccessful in recruiting 66.subjects by the 
end of 36 months (50 subjects for this study and additional 16 subject for parallel st udy in 
control group that will be used for analysis). 

 
 Program development, recruitment of geriatr ic life s pecialist and training of the 

geriatric life specialist (Mos. 0-12) 
 
Our program setup was completed in year 1.  The study personnel are well trained and 

are able to follow study protocol effortlessly.  
 
 Identification of study  subj ects from electronic medi cal records and recruit ment 

(Mos. 3-36) 
 
We had an excellent  system to identify eligib le subject from medi cal records at the 

Joslin diabetes center. We  have called/screened ov er 200 eligible patients. However, 
recruitment during winter season in Massac husetts has been difficu lt. Frequent inclement  
weather has caused many study vi sit cancellations in the elderly  patients with diabetes, also 
affecting accrual to the study.  

To modify this situation, we submitted our study protocol fo r approval at the Beth Israel 
Deaconess Medical Center. We  received approval from t he human subject protection 
committee at BIDMC, and submitt ed the protocol changes to the HPRO at the USAMRMC.  
Besides adding this center to improve enrollment, we have also encouraged different ways to 
facilitate transportation in elderly patients. These measures have improved enrollment.  

 
Task 2: Baseline assessment (Mos. 4-36): at Joslin Clinic 
 Baseline clinical & survey information collected 
 Baseline functional as sessment by geriatric  diabetes team (GDT) members at the 

Joslin clinic including nurse practitioner, dietitian and nurse educator. 
 
We have enrolled 50 patients;  34 patients are randomized to the intervention arm and 

16 to the attention control arm. We have comp leted extensive assessments as per protocol 
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and have performed interim analysi s on the data. We presented baseline characteristics of  
the study subjects as abstracts and posters at  the American Diabetes  Association’s annual 
scientific meeting last year.  

 
Task 3: T eam assessment and active inte rvention by Geriat ric care ambassador 

(geriatric life specialist (GLS) (mos. 4-42) at Joslin Clinic 
 Multidisciplinary team meetings to discuss barriers and care plans  
 Interventions by GLS and nurse practitioner, including home visits 
 GLS performs monthly telephone visits with patients  
 Monthly evaluation of care plan by GDT based on GLS tele-visits 
 Monthly team meeting to discuss ongoing plan and improvement  
 
Our geriatric lifestyle specialist (GLS ) has been well trained and is implementing 

interventions effortlessly. She continues to work with t he GDT and provides t he team with a 
home assessment, performs interventions as di rected, and follows up with phone calls to 
assist in implementing the interventions a nd strategies uncover ed at the assessment and 
home visit. She provides invaluable feedback to the GDT team members.  At the end of the 
intervention period, she sends plan of care to  the study patient s to help sustain benefits 
gained during the intervention period. 

 
 
Task 4: Outcome parameters assessment and start of independence period  (Mos. 10-

47): 
 Repeat baseline measures on control & intervention groups and assess outcome 

parameters (mos. 10-41) 
 Patients undergo 6 months of independence trial without contact form GDT (mos. 

28-47)  
 
20 of our patients have completed inte rvention period and 8 have also completed 

independence period.  
 
Task 5: Cerebral vasc ular studies at baseline, after 6 months of active inter vention and 

6 months of independenc e period. (Mos. 3-45) SAFE laboratory at Be th Israel Medical 
Deaconess Medical Center 

 Cerebral perfusion tests including tran scarnial Doppler studies, and cerebral 
vasoreactivity measurement evaluation. SAFE laboratory by Dr. Vera Novak 

 
The subjects, who are randomized to the intervention arm of the study, are scheduled to 

have a cer ebral blood flow study  performed at the SAFE lab at BIDMC as per part B of the 
protocol.  All intervention arm subjects have co mpleted this portion of the study at baseline, 
12 patients  have completed 6 months and 8 have completed 12 months fl ow studies . Few 
study subjects declined and some subjects c ould not complete all the components of the 
study due to uncomfortable feeling and the study procedure was stopped per protocol. All the 
other subjects have tolerated the study procedure well. 

 
Task 6: Analysis of data and information distribution. (Mos. 36-48): Joslin Clinic 
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Figure 1: Significant numbers of older adults with 
diabetes present with atypical hypoglycemia 
symptoms that can be mistaken for other 
presentations, e.g. orthostasis, vasovagal episode or 
worsening of dementia. 
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 Data analysis, conference presentations, preparations for publication  
 
We are now performing interim data analy sis. Last year we presented an published 

baseline data as pos ters and abstracts at t he annual scientific  meet ing of the American 
Diabetes Association (ADA). For the purpose of the analysis we have included data from a 
parallel study assessing older patients wit h poor gly cemic control and c ombined control 
group from that study to get better sample  size. We have analy zed longitudinal data now 
evaluating effect of interventions on glycemic cont rol as well as other clinical, functional and 
psychosocial measures. These data will be pr esented at the annua l m eeting of ADA in  
Orlando, FL from June 25-30, 2010 ( attached in appendix). 

 
 
 

One important distinct ion between older vs. younger adults with diabetes  is  the high 
prevalence among elderly of co-exi sting m edical condit ions and functional disabilities  that 
interfere with self-care 1. Identifying possible barriers to di abetes self-care is an essentia l 
component of developing an effective, indivi dualized diabetes m anagement plans  for older 
adults2.  Because of the high pr evalence of depre ssion, physical disabilities , and cognitive 
dysfunction among older adults with diabetes , it is imperative that these barriers be identified 
by specific  screenings before formulating a diabetes management strategy. In previou s 
studies, we have shown that subtle, undiagnosed executive dys function is an unrecognized 
co-morbidity among older adults with diabetes and is associated with poor glycemic control3. 

 
1) Hypoglycemia in older 

adults 
Hypoglycemia is the most 

important factor limiting efforts to 
improve glycemic control. However, in the 
older pat ient pop ulation it is 
especially dangerous  and has poor  
clinical and functional outcomes  4. The 
frequency of hypogly cemia among 
elderly with inadequate glyc emic 
control remains unknown. We 
analyze frequency of hypoglyc emia from 
baseline questionnaire in our study  
patients. All patients were using 
insulin. Despite poor gly cemic 
control, 42 of 45 (93%) reported 
episodes of hypoglyc emia during the 
previous 3 months Eighteen of forty- two 
(43%) reported a hypoglyc emia 
frequency of “more than few 
episodes a month”, while 57% 
reported “rare episodes”. Although typical hypoglycemic symptoms, such as shakiness (56%) 
and sweating (51%), were  frequently reported, atypical sym ptoms such as weakness (31%), 
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change in behavior (16%), dizziness (16%), and vision changes ( 18%) were also com mon, 
and could easily have been missed if not asked for specifically (Figure 1 ). Twenty-four of 60 
patients (53%) continued to drive but only 11 (24%) checked their blood glucose before 
driving. Only 36% with hypoglyc emia reported “fear of hypoglyc emia”. We concluded that 
hypoglycemia should be c arefully looked fo r among elders, even am ong those with poor  
glycemic control. 

 
2) Hypoglycemic and its complications in elderly 
Hypoglycemia in older adults is associated with multiple  adverse clinical outcomes 5 6 7. 

Most feared of these is falls, and fear of fall s, leading t o decreased functionality and ov erall 
quality of life. In certain situations, traumati c falls can lead to inst itutional placement in older  
adults. We evaluated the effect of hypoglyce mia among our study subjects at baseline. 
Ninety-three 
percent of 
patients reported 
having 
hypoglycemia 
during initial 
survey. Forty-
three percent of 
patients reported 
having f requent 
hypoglycemia 
(“few times a 
week” or “few 
times a month”);  50% 
of patients had infrequent hypoglycemia (“rare” or “on ce in a while”), and 7% reported no 
hypoglycemia. Patients were followed for 3 months after the survey. The results are shown in 
Table 1. The risk of fall increas ed with inc reased frequency of hypoglyc emia.  Fear of falls 
remained high in all patients, irrespective of  hypoglycemia frequency. The risk of emergenc y 
room visits and hospitalization increased with increased frequency of hypoglycemia. The A1c 
(reflecting glycemic c ontrol) dec reased with in creasing hypoglyc emia, but remained in the 
poorly controlled range (A1c >8%).  Conclusion:  Patients with hypoglyc emia are fearful of 
falling, and  have a h igher incid ence of fa lls and h igher health  resource utilization t han 
patients without hypoglycemia. 

 
3) Use of continuous glucose monitoring in elderly patients 
Continuous glucose monitoring systems (CGMs) ar e FDA-approved devices that 

measure interstitial glucose lev els at inte rvals of 1-5 minutes for periods of  3-7 days  8 9. A 
sensor wit h a small f ilament is  inserted and stays under the pat ient’s sk in. The sens or is 
attached to a transmitter that receives glucose readings from the sensor and relays them to a 
receiver.  The receiver is a monitor that receives, and may display, glucose readings from the 
transmitter (the receiver may also be “blinded”  so that patients  c annot see the gluc ose 
readings). We are using CGM in our patients to identif y patterns of glucose  excursions and 
episodes of hypoglycemia. Figure 2 shows aggregated readings ( each color line 
representing one day) in a representative study patient. As seen in the figure, the patient has 

Table 1: Higher frequency of hypoglycemia is associated with higher 
incidence of falls, emergency room visits, and hospitalizations 

 No 
hypoglycemia 

Infrequent 
hypoglycemia 
(rare, once in a 

while) 

Frequent 
hypoglycemia 
(few times a 

week or month) 
Number       4     30     26 
Falls     25%     41%     61% 
Fear of falls     75%     52%     56% 
ER visit       0%     16%     27% 
Hospital admit       0%       3%       8% 
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significant glucose excursions and multiple hypoglycemic episodes over the 3-day monitoring 
period. We have performed continuous  glucos e monitoring in 13 in sulin-treated study  
patients. On an average, the 
sensor recorded glucose values for 72 
hours in all the patient s. The range of 
glucose was  40- 400 mg/dl. Of all 
glucose values, 56.1 % were >180 mg/dl, 
and 1.2 % were <70 mg/dl.  In this  
patient group with poorly controlled 
diabetes, hypoglyc emia was not 
expected. Nevertheless, 7/10 (70%) 
patients had at least one episode of 
hypoglycemia (glucose <70 mg/dl) 
recorded in a 3-day  period. T he 
average number of hypoglyc emic 
episodes, among patients with 
hypoglycemia, was  2.57/3-day 
monitoring period. By comparison, 4-time s-a-day finger-stick glucos e measurements, 
performed during the 3-day CGM monitoring perio d, detected hypoglyc emia in only 2/10 
(20%) of subjects. Out of a total of 18 hypoglycemia episodes  (glucose <70 mg/dl), 6 
episodes occurred during at night (10 pm - 6 am).  Pronounc ed glucos e increases  and 
decreases (high and low excur sions), as  m easured by continuous monitoring, occurred 
frequently in all study subjects and were obs erved on 36 of 38 CGM monitoring days. A total  
of 81 high excursions and 13 low exc ursions were observed. On average, patient s 
experienced 2.1 high excursions  and 0.34 low ex cursions per day. Only 2 patients did no t 
experience any high/low exc ursions. We conclu ded that continuous glucos e monitoring can 
be used s uccessfully in older adults. Hy poglycemia can be measured objectively  and 
successfully using CGM and has the added adv antage of being able to measure the 
rate/dynamics of glucose fluctuations (i. e. excursions) as well as identifying nocturnal 
hypoglycemia episodes. 

 
4) Insulin errors in older patients 
Co-existing medical conditions, such as  cognitive dysfunction and vision/hearin g 

problems, are common in older adults and may interfere with their ability to perform self-care. 
Insulin injections pos e a particularly difficult problem. We evalua ted insulin technique in 27 
study patients. Twenty-two of 27  (81.4 %) were using ins ulin. Study participants o n insulin 
were questioned about their ins ulin use and observed drawing or dialing up their insuli n 
doses. When interviewed, none of  the participants reported any trouble taking their ins ulin. 
However, when observed by a ce rtified diabetes edu cator, 12 /22 insulin users (54%) with 
long duration   insulin use (average 13.1 years)  were found to have difficult y with technique 
or dosing.  Problems with te chnique included diffic ulty seei ng the lines on the syringe,  
difficulty with mixing t he insulin correctly, diffi culty seeing air in t he syringe, and inab ility to 
follow the insulin injection procedure corre ctly. Problems with dosi ng inc luded taking too 
much or too little insulin, not understanding t he ins ulin regim en, and reports of omitting 
insulin. The group having trouble with insulin tec hnique and dosing were more likely to miss  
doses of other medications as well (p =0.009), suggesting probl ems with medication 

Figure 2: CGM reading in a representative 
patient showing multiple high and low 
blood glucose readings 
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adherence in general, and were having trouble r eading and interpreting food labels (p=0.05), 
suggesting possible problems wit h health literacy. Higher frequency of falls, fear of falls, and 
difficulty walking were more co mmon in the group having problems ta king insulin; however, 
these parameters did not reach statistical significance. There were no differences in glycemic 
control (A1c 9.5 vs 9.1%), vision problem s, c ognitive function,  depression, or diabetes-
related stress in the group having trouble with insulin, compared to the group without difficulty 
with insulin. We concluded that periodically observing insulin injection technique sh ould be 
an important part of diabetes assessment in older adults, even among those with a long 
duration of  insulin us e. Co-existing medic al conditions shou ld be  asses sed and, where 
indicated, education regarding insu lin injections should be mo dified to take co-morbidities  
into account.    

 
5) Effect of exercise capacity in older adults 
Exercise is an integral part of diabetes management for all patients but its effect on self-

care ability  and diabetes related stress in older adults is n ot well studied. We test exercise 
capacity in  our study subjects  using the 6-Minute Wa lk Test  (6MWT). Self-care abilit y and 
diabetes-related stress are evalua ted using Self-Care Inventor y (SCI) and Problem Areas in 
Diabetes (PAID) questionnaires  respectively. Fort y-five subjects (age 76±5 years, diabetes 
duration 22±10 years) were div ided into 2 groups based on distance walked during 6MWT at 
median value (313 meters).  Subj ects with higher exer cise capacity tended to be male (77% 
vs. 48%, p<0.05), Caucasian (91% vs. 50%, p<0.002), and had lower BMI (31±6 vs. 35±9, 
p<0.04). This group s cored higher on SCI (67±9 vs. 56±14, p< 0.003) suggesting better self-
care abilities and lower on PAID (18±10 vs. 30±16, p<0.006) reflecting less diabetes related 
stress, compared to subjects with lower exercise capacity. Depressive symptoms (measured 
by Geriatric Depression scale) were present in 18% of the subjects in the lower exercise 
capacity group as compared to none in high sco ring group (p<0.03).  Groups did not differ 
with respect to A1c and measures of cognitive function. However, the higher exercise group 
had better gait and balance (Tinne tti score 26±2 vs. 22±7, p<0.004) and was more lik ely to 
be independent in performing activities of daily living (IADL score 16± 0.8 vs. 14±3, p<0.04).  
We concluded that higher exercise capac ity is associated with better self-care ability , less 
depression, less diabetes-related stress and bette r performance of daily  tasks.  Exercise 
education should be stressed in older adults with dia betes to maintain functiona l 
independence and optimize quality of life. 

 
6) Effect of social resources in older adults 
The effect of the availability of social re sources on various aspec ts in older adults wit h 

diabetes in not well studied. We evaluated our study patients for t he effect of available social 
resources on clinical, functional and economic burden. Social resources were assessed by  
OARS (Older Americ an Res ource and Services), a tool developed by  the Duke OARS 
program to assess the availability of physic al and emotional resources. A maximum score of  
14 reflected excellent  availability of social res ources. The subjects were div ided in to lo w vs. 
high resources groups at the mean OARS s core of 12. Eighteen of 45 (40% ) subjects had a 
low score on OARS compared to 27/45 (60%) with high score.  Age was similar in both 
groups (76± 6 vs. 76±4 years). C ompared to subjects in the high resource group, low social 
resource group tended to be female (83% vs. 48%, p<0.01), had longer dur ation of diabetes 
(25 vs. 18 years, p<0. 03) and lived alone (56% vs. 19%, p<. 009). In addition, the group with 
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low social resources had higher A1c (9.4±1.2 vs. 8.9±0.5, p<0.05) indicating poor glycemic  
control, lower exercise capacity as measured by  lower score on 6 minutes  walk test (235 vs. 
364 meters), and higher number of ER visits in  past 3 months (44%  vs. 15%, p<0.04) 
suggesting higher healthcare cos ts, compared to the higher social support group. There was 
no difference between the 2 groups in the areas  of cognitive function, depression, stress 
related to diabetes management or  self-care abilities. We conc luded that in ol der adults with 
diabetes, inadequate social resources are asso ciated with poor glyce mic control, lower  
functionality and higher health c are cost. It is important to assess individual older ad ults’ 
resources while providing management plans. 
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Key Research Accomplishments: 
 

1. Research data in o lder adults with diab etes is scarce. This study fills an important void  
in information regarding this fast growing population. 

2. Research in frail elderly (like the st udy population – age over  70 years with poorly  
controlled diabetes) is difficult to conduct. We  have successfully recruited older patients 
and have already gained important insight from baseline data. 

3. Interim data from this study shows not only improved glycemic control but also improved 
functionality in older pati ents with diabetes who had geri atric specific barrier s 
assessment and interventions. 

4. Continuous  Glucose Monitoring (CGM) in older adults showed higher than expected 
prevalence of hypoglycemic episodes. These fi ndings are nov el and have resulted in 
additional funding to assess cardiovascula r parameters in older patients during 
hypoglycemic episodes. 
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Conclusion: 
 
There is an urgent need to find innovativ e ways of managing diabetes in elderly  
patients. We are in a process of identifying variety of barriers faced by this population in 
performing self-management. We are now getting  better at recruiting frail patient 
population. Our interim analysis  of baseline dat a was well received and appreciated b y 
a large audience at the annual national meeting of the American Diabetes  Association. 
We look forward to finding new and helpfu l information from our study and plan to 
distribute the information by presentations at the various meetings and publications. 
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Appendices: 
 
1. Frequent hypoglycemia among older adults with A1c>8% detected by 
continuous glucose monitoring 

Burdened with medic al and functional co- morbidities, older adults with diabetes 
struggle to achieve glycemic control, often re sulting in increased risk of hy poglycemia. 
Episodes of hypoglycemia are particularly dangerous in the older population. To reduce 
the risk of hypoglycemia, relaxation of the standard A1c goal to <8% has been proposed 
for the frail elderly. Howev er, the effect iveness of this recommendation in reducing 
hypoglycemia is unk nown. We eval uated community-living adults age > 70 years, wit h 
A1c>8%, for episodes of hy poglycemia. We  used blinded continuous gluc ose 
monitoring (CGM) for at least 72 consec utive hour s. Patients performed finger-stick 
monitoring 4 times a day during CGM us e and documented symptoms suggestive of 
hypoglycemia.   

CGM was performed on 33 adult s for a me an duration of 87.7 hours. Mean age 
of the populat ion was 75.2 4.6 years, durati on of diabetes 18. 611 year s, and A1c 
9.41.3%. Seventy-seven percent  of patients had type 2 dia betes and 91% were using 
insulin.  At least 1 episode of hy poglycemia (glucose <70 mg/dl) per CGM period was  
observed in 20 patients (61%), with mean gluc ose level of 61 6.2 mg/dl during the 
episode. The average number of hypoglycemi c episodes was 3.8 5/patient and average 
duration was 53 minutes/epis ode. Eighty percent of patients with hy poglycemia (16/20) 
suffered at least 1 nocturnal episode (bet ween 10 pm-6 am), with average duration of  
52.5 minutes/episode.  Out of a total of  77 hypoglyc emic epis odes, 73 (95%) were 
unrecognized (not captured by either finge r-stick monitoring or by  subjective 
symptoms). All patients with hypoglycemia had at least 1 unrecognized hy poglycemic 
episode. Only 1/32 nocturnal episodes was recognized by patients. Fifty percent (10/20) 
of the pati ents with hypoglycemia had an A1c >9% and 60% (6/10) of these patient s 
had nocturnal hypoglycemic episodes.  
Conclusion: Hypoglycemia, especially unrecognized hypoglycemia, is common in older 
adults, even in those with high A1c levels. This suggests that simply relaxing the 
standard A1c goal to <8% will not be sufficient to reduce the incidence of hypoglycemia 
to an acceptable safe level for the frail elderly population with diabetes 
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2) Self-management interventions to overcome barriers to diabetes care in older 
adults: A randomized controlled study  

Older adults with diabetes face adverse clinical, fu nctional and psychos ocial 
challenges to diabetes self-management. We performed a randomized c ontrolled study 
to assess whether geriatric-specific intervention strategies can help older adults achieve 
better glycemic control and im prove ability to perform self-c are. We randomized adults 
70 years age with diabetes for 1 year, with A1c>8%, to either an intervention or a 
control group. After baseline ass essment of outcome measures, the intervention group  
had geriatric team evaluation and interventions to optimize their ability to follow diabetes 
treatment regimen. The attention control group received equivalent time from a separate 
research staff. Diabetes providers followed all patients for medica tion management. All 
patients underwent clin ical [A1c, body mass inde x (BMI )], functional [Instrumental 
activities of daily living (IADL), and Tinnet i Test for gait and balanc e)], and psychosocial 
[self-care abilities (Self Care Inventory-revised (SCI )) and diabetes-related distress 
(Problem Areas in Diabetes (PAID))] assessments at baseline and 6 months.  

To date, 58/90 (64%) of the patients (average age 765 years, diabetes duration 
2112 years, A1c 9.2 1.1%, B MI 33 7, 71% type 2, and 93% on insulin therapy ) 
completed 6 months intervention. The most  common barriers found were need for diet 
counseling (88%), medication adjustment  (85%) and inadequate exercis e (60%). The 
most common interventions were referral to nutritionist (90%), referral to educator (88%) 
and earlier  appointment with medi cal prov ider for medication  adjustment (68%). As 
shown in the table, the intervention arm improved on Tinneti, SC I, PAID, BMI and A1c, 
while IADL deteriorated in the control arm.  
Conclusion: Focused geriatric specific interventions improv e diabetes manageme nt 
capability in older adults. 

 
Change from baseline 
to 6 months 

Attention Control 
N= 18 

Intervention  
N= 40 

Tinneti Test* -2.55 (p=NS) 1.3 3 (p=0.009) 
SCI 1.5710 (P =NS) 6.910.3 (p=0.0002) 
PAID -3.510 (p=NS) -5.615 (p=0.03) 
BMI -2.98. (P =NS) -2.37(P =0.05) 
A1c -0.371.1 (p=NS) -0.521.1 (p=0.005) 
IADL -0.630.8 (p=0.007) -0.080.9 (P =NS) 

  * between-group difference: p=0.0002 
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3) Different methods of measuring executive function assesses different 
deficiency in older adults with diabetes 
 
Significant numbers of elderly patients with diabetes have unrecognized subtle cognitive 
dysfunction, especially  executiv e dysfunction. This condition is not usually  obvious at 
clinic visits and therefore necessitates screening of elderly. Various methods have be en 
used to evaluate executive function. Howeve r, their use in older  adults with diabete s 
has not been well studied. Furthermore, the association between executive dysfunction 
identified with these tests and glycemic control is not well understood. 
We performed a cross sectional study on 149 older adults (age70 years) with diabetes. 
Mini Mental State Examinat ion (MMSE) and objective test ing of executive function s 
were performed with a modified clock drawing test (CIB), Trail-making tests (Trail-A and 
Trail-B), Verbal Fluency (VF), and Hopkin s Verbal Learning T est Revised (HVLT-R). 
Dysexecutive Questionnaire (DEX) was us ed to measure self-reported exec utive 
dysfunction. Demographic and clinical infor mation was collected using questionnaires  
and surveys including the Geriatric Diabetes Scale (GDS) for depressive symptoms.  
We evaluated 149 patients (average age 775 years, diabetes duration 1611 years, 
mean A1c 7.51.2%). Low scores on objective tests, including CIB and MMSE, and 
high scores on Trail-A and Trail-B tests were associated with poor glycemic control 
(A1c) (p<.005, p<0.01, p<0.01, p<008 respectively). In a multiple regression model, high 
DEX score was associated with higher diabetes related distress as measured by 
Problem Areas in Diabetes (PAID) (p<0003), depressive symptoms as measured by 
GDS (p<0.004), number of falls in past 6 months (p<0.03), fear of falling (p<0.05), less 
years of education (p<0.001), and fewer prescription medications (p<0.002). 
Interestingly, the DEX score was not associated with scores on other objective tests of 
executive function, MMSE or glycemic control (A1c).  
Conclusion: In Older adults, executive dysfunction measured only by objective tests is 
associated with poor glycemic control. Self-reported executive dysfunction is associated 
with affective symptoms. 
 
                   
 

 



Medha Munshi, M.D., W81XWH-07-1-0282- Annual Progress Report (June 1, 2009 - May 31, 2010) 
Title: Identifying and Overcoming Barriers to Diabetes Management in the Elderly: An Intervention Study 

 

4) Received Pilot funding for following grant based on results from current 
study. 

 
Cardiac Autonomic Dysfunction in Older Adults with Diabetes 

Several clinical trials in recent years have shown minimal benefits and, in certain 
populations, increased risk for poor cardiova scular outcomes with tight glycemic control  
10 11 12. Post-hoc analyses from these clinical tr ials and from the 10-year follow-up of the 
UKPDS have suggested that cardiovasc ular benefits are pres ent in younger and 
healthier cohorts 13 but not in older individuals and in  patients with co-morbidities. Older 
adults with diabetes are known to have multiple medical co-morbidities. The presence of 
co-morbidities and possibility of  hypoglycemia are thought to be respons ible for higher 
cardiovascular mortality in older adults with tight glycemic control 14. In addition, patients 
with diabetes are also at hi gher risk of cardiac autonomic dysfunction that is associated 
with increased mortality  15. In particular, patients with diabetes have increased risk of 
QT prolongation and r educed fall in nocturnal  blood pr essure (BP) (i.e. non-dipping)  16, 

17. Patient s with diabetes and multiple CVD risk factors are more likely to have  
prolonged QT interval than those without 18. Abnormal ventricular repolarizaton resulting 
from prolongation of QT interval is  associ ated with an increased risk of  ventricular 
arrhythmia and sudden cardiac death and overall e xcess mortality risk  19. Furthermore, 
in young ty pe-1 diabetic subjects, prolonged QT  interval is seen during ins ulin induced 
as well as spontaneous nocturnal hypoglycemia 20 21. Additionally, lack of physiologica l 
nocturnal fall in BP (non-dipp ing) is considered a reliabl e marker of preclin ical 
cardiovascular disease and predictor of futu re cardiovascular events. Therefore, olde r 
adults with diabetes and multip le co-morbidities are at hi gher risk of QT prolongation, 
nocturnal non-dipping and vent ricular arrhythmias which may be further increased 
during hy poglycemic episodes. Howev er, frequency and severit y of QT prolong ation 
and nocturnal non-dipping in older adults  with diabetes, and its association with 
hypoglycemia remains unknown.  

.To address these iss ues, the over all goal of th e proposed study  is to ev aluate 
changes in QT interval and BP variability (noc turnal non-dipping)  in older adults with 
and without diabetes with synchr onized ev aluation by a Continuous Glucose Monitor 
(CGM) and a Holter  Monitor during activiti es of daily living an d during s pontaneous 
hypoglycemic episodes. 

This study will provide much needed pilot data  to gain insight into the effect of 
diabetes on parameter of ventricular repolariztioin (QT interval) in older adults. This pilot 
data will be used to secure further funding to investigate these issues in controlled 
environment, i.e. lab studies, to understand effe ct of various levels of glycemia an d 
effect of different classes of drugs on ca rdiac parameters, autonomic functions and 
counter-regulatory hormones in older adults. 

The importance of this study lies in its potential to help understand the underlying 
mechanism responsible for the observed la ck of beneficial cardiovascular effects of 
tighter glycemic control in older patients with diabetes. If older adults with diabetes are 
found to have higher risk of cardiac repolar ization abnormalities, it may provide the 
electrophysiological explanation for increas ed risk of cardiac arrhythmias and sudden 
death and may partly explain lac k of beneficial effect of tight gly cemic cont rol in older  
adults.  
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Primary Aim of this study is to examine changes in QT interval in older adults with  
diabetes c ompared to age-matched control without  diabetes during activities of daily  
living.  

Primary Hypothesis - QT interval will be prolonged in  older patients with diabetes 
compared to non-diabetic controls. 
Secondary Aim 1: To examine change in nocturnal BP in older adults with and without 
diabetes  

Secondary Hypothesis 1  – More number of older adul ts with diabetes will sho w 
nocturnal non-dipping compared to non-diabetic controls. 
Secondary Aim 2: To exam ine change in QT interval in older adults during 
spontaneous hypoglycemic episodes compared to period without hypoglycemia. 

Secondary Hypothesis 2  - In older adults with diabetes, those e xperiencing 
hypoglycemic episo des (glucos e < 70 m g/dl on CGM) will h ave prolo ngation in QT 
interval during the episode compared to non-hypoglycemic period. 

 
This is an innovative study  to examine role of ventricu lar repolarization defect in 

older patients with diabetes – an unstudied phenomenon. 
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