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Introduction

Frailty is a state of vulnerability to stressors, characterized 
by multisystem decline that results in a diminished intrinsic 
reserve (1). Frailty is associated with higher morbidity, 
mortality and healthcare utilization. Research evidence suggests 
bidirectional relationship between diabetes and frailty (2). 
Older adults with frailty demonstrate a high prevalence of risk 
factors associated with diabetes including obesity, inactivity, 
declining renal function (3, 4). On the other hand, diabetes 
may contribute to a higher risk for frailty as a result of the high 
prevalence of cardiovascular risk factors (5). The bidirectional 
association between frailty and diabetes and their combined 
effects may be particularly deleterious for older persons (2, 5).

Several explanations for the relationship between frailty 
and diabetes mellitus have been proposed. Frailty and diabetes 
share some of the same mechanisms: insulin resistance, low 
grade inflammation, oxidative stress, stem cell dysfunction, 
mitochondrial dysfunction, and sarcopenia (6-8). Comorbid 
medical and mental health conditions often coexist in both 

frailty and diabetes including but not limited to obesity, 
cardiovascular disease, sleep apnea, depression and cognitive 
impairment (5, 9, 10). Hypoglycemia in older people with 
diabetes may be a particularly important contributor to frailty 
risk and similarly frailty may predispose older people with 
diabetes to hypoglycemia (8).

Both frailty (11) and diabetes (12) are prevalent in the 
Veteran than the general US population. Diabetes (13) and 
frailty (14) are both independently associated with a higher 
risk for all-cause hospitalizations in older adults. Furthermore, 
mortality is also higher in frailty and diabetes. In these patients, 
the concurrence of frailty and diabetes may further increase 
the effects of individual conditions on clinical outcomes 
that may lead to higher healthcare utilization and mortality. 
Previous studies have shown that older adults with either 
frailty (14) or diabetes (15) are high utilizers of healthcare 
including hospitalizations. Although Veterans receiving care 
at Department of Veterans Affairs (VA) Medical Centers have 
an increased risk for hospitalizations, there is, however, no 
data regarding the effects on hospitalizations in Veterans with 
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coexistent frailty and diabetes. Thus, the aim of this study was 
to determine the effects of frailty on all-cause hospitalization 
and mortality in older adults with diabetes at a VA medical 
center. 

Methods 

Study Setting
This research is a retrospective cohort study that 

was conducted at a tertiary care VA Medical Center, a US 
government-run healthcare institution. The study is part of a 
clinical demonstration quality improvement project looking at 
identifying Veterans with frailty. 

Identification of Patients
Our project team identified community-dwelling Veterans 

65 years and older with diabetes coming to the VA Medical 
Center outpatient clinics from January 2016 to August 2017, 
and patients were follow-up until October 2018. We identified 
patients with diabetes, diagnosed between October 2, 1996, 
and July 17, 2017. Trained research associates collected patient 
data from the electronic health record and the VA Corporate 
Data Warehouse (CDW) including demographic information; 
vital signs and BMI, physical and mental health conditions; 
laboratory data, sensory problems and functional status. 
We used the zip code and race to obtain the patients annual 
median household income based on 2014 Census tract data 
as a parameter for social status classification. Information on 
physical health conditions was used to calculate an age-adjusted 
Charlson comorbidity index (CCI) (16). 

Frailty Assessment
Data collected for each patient from reviews of the VA 

electronic health record and the VA Corporate Data Warehouse 
(CDW) was used to calculate a frailty index (FI) which 
included 44 items. Each patient’s FI had a minimum of 30 
of the 44 items. The 44 items in the FI belonged to 7 major 
categories (supplementary materials): socio-demographic (4 
items), vital signs and other measurements (3 items), physical 
and mental health conditions (20 items), laboratory data (10 
items), sensory problem (1 item) and functional status (6 
items). The 44-item frailty index used in this study is based on 
the deficit accumulation conceptual framework that assumes 
that frailty is the result of interacting physical, functional 
psychological, and social factors (17). Unlike the frailty 
phenotype, which is the most widely used conceptual model 
in the field, the deficit accumulation approach does not rely on 
predetermined variables (18). Each patient’s FI was calculated 
by dividing the number of items present (19). We chose the cut-
off of 0.21, which was most recently used by Orkaby et al. as 
part of a large VA study on the prevalence of frailty in the VA 
(11). This resulted in a score between 0-1, where higher scores 
represent higher frailty. The patients were stratified as non-frail 
(FI is <0.21) and frail (FI is ≥ 0.21).

Hospitalization Ascertainment
Patients were followed from January 2016 to August 2017 

until October 2018 for VA all-cause hospitalizations following 
the initial assessment of frailty. We recorded the total number 
of hospital admissions during the previous one year and for the 
follow up period. The primary reasons for hospitalizations were 
assessed using ICD 9 and 10 codes assigned by trained staff 
after discharge.

Mortality 
All-cause mortality was identified through official sources 

including VHA facilities, death certificates, and National 
Cemetery Administration data available from the VA CDW. 
There is high agreement (91-99%) between dates of death 
recorded in the CDW and dates of death recorded in external 
sources that feed the VHA Vital Status File (20). The last day of 
follow-up was October 31th, 2018.

Data Analysis
Baseline characteristics are presented as frequency (percent) 

for categorical variables, and as mean+SD for continuous 
variables. We report descriptive statistics of age, race, ethnicity, 
median income, marital status, body-mass index (BMI), and 
age-adjusted CCI, duration of diabetes, DM with complication, 
number of medications, use of insulin or sulfonylureas, 
metformin, level of glycemia control,  previous and during 
follow-up hospitalizations. All variables were checked for 
normality of distribution using the Kolmogorov-Smirnov test. 
All values showed no-normal distribution. Mann-Whitney 
U and Kruskal-Wallis test (for non-normally distributed 
variables) and Chi-Square were run to evaluate the differences 
between non-frail and frail. The association of frailty with 
all-cause hospitalizations in older adults with diabetes was 
determined with the Andersen-Gill model, accounting for 
repeated hospitalizations. Patients were censored if they 
died without having a hospital admission. Univariate and 
multivariate analyses were conducted adjusting for age, race, 
ethnicity, median household income, BMI, age-adjusted CCI, 
diabetes complications, duration of diabetes, use of insulin or 
sulfonylureas, metformin, level of glycemia control, and all-
cause hospitalizations in the previous year. Four models were 
constructed to assess the role of the covariates in the association 
between frailty and all-cause hospitalization: Model 1 was 
adjusted for age, race, ethnicity, BMI and Median Household 
Income. Model 2 was adjusted for the covariates in Model 1 
and age-adjusted CCI. Model 3 was adjusted for the covariates 
in Models 1-2 and diabetes complications, duration of diabetes, 
use of insulin or sulfonylureas, metformin and level of glycemia 
control. Model 4 was adjusted for the covariates in the previous 
models and for hospitalizations in the previous year. The 
proportional hazard assumption was tested using scaled 
Schoenfeld residuals and was found to be valid. Cox regression 
analysis was performed to calculate the hazard ratios and 95% 
confidence intervals (CIs) of survival for frailty on all-cause 
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mortality. We built 4 models to assess the role of the covariates 
in the association between frailty and all-cause mortality 
as described for all-cause hospitalizations. To assess the 
robustness of our results, sensitivity analyses were performed 
in which we dichotomized subgroups of older Veterans with 
frailty by age (<75 and ≥ 75 years old), race (White vs. African 
American), and with history of hospitalizations in the previous 
year (Yes vs. No). We did not have to exclude variables 
having a high collinearity among themselves. Associations 
were considered significant if p<0.05. Follow up duration was 
calculated as follows: (October 31th, 2018 – frailty assessment 
date)/365. All analyses were performed using the SPSS 25.0 for 
Windows (SPSS, Inc., Chicago, Illinois) and SAS for Windows 
version 3.71 (SAS Institute Inc., Cary, North Carolina). All 
statistical tests were two-tailed, and statistical significance was 
assumed for a p-value <0.05.

Results

Patient Characteristics 
Table 1 shows participant characteristics. 763 participants 

were included in the study. Patients were 98.3% male, 56.7% 
White, 77.1% non-Hispanic and the mean age was 72.9 (SD= 
6.8) years. Compared with the non-frail, older adults with 
diabetes were less likely to be married, have more end-organ 
damage, longer duration of diabetes, more multimorbidity 
and use of medications, more likely to be taking insulin or 
sulfonylureas, less likely to be on metformin and have more 
hospitalizations in the previous year (Table 1).

Hospitalizations 
There were 673 all-cause hospitalizations over a median 

follow-up period of 561 days (IQR= 172) with the range 
between 0 and 12 hospitalizations. The leading causes for 
hospitalization were cardiovascular, infectious and renal 
diagnoses representing 137 (21%), 71 (11%) and 69 (10%) 

Table 1
Participant Characteristics

 
Variable Non-frail 

(n=378, 49.5%)
Frail 

(n=385, 50.5%)
Total 

(n=763, 100%)
p value

Age, mean (SD) 72.40 (6.23) 73.33 (7.26) 72.87 (6.78) .190
Male, n (%) 372 (98.4) 378 (98.2) 750 (98.3) .805
Married, n (%) 210 (55.5) 158 (41.0) 368 (48.2) <.0001
Caucasian n (%) 219 (57.9) 214 (55.6) 433 (56.7) .512
Non-Hispanic, n (%) 284 (75.1) 304 (79.0) 588 (77.1) .208
Median Household Income, $ (SD) 54,004 (25,068) 50,877 (22,883) 52,426 (24,026) .100
BMI, mean (SD) 29.82 (5.15) 30.07 (6.00) 29.95 (5.60) .542
Diabetes with end organ damage, n (%)* 107 (28.3) 140 (36.4) 247 (32.4) .017
Duration of Diabetes, y (SD) 8.46 (5.36) 9.48 (5.21) 8.97 (5.60) .009
More than 5 Medications, n (%) 344 (91.0) 380 (98.7) 724 (94.9) <.0001
Metformin, n (%) 225 (59.5) 161 (41.8) 386 (50.6) <.0001
Insulin or Sulfonylurea, n (%) 189 (50.0) 221 (57.4) 410 (53.7) .040
Glycemic Control

Tight (HbA1c≤7), n (%) 219 (57.9) 202 (52.5) 421 (55.2) .146
Intermediate (HbA1c>7, <9), n (%) 128 (33.9) 137 (35.6) 265 (34.7)

Poor (HbA1c≥9), n (%) 31 (8.2) 46 (11.9) 77 (10.1)
Frailty Index, mean (SD) .16 (.03) .28 (.06) 0.22 (0.07) <.0001
Charlson CI, mean (SD) 5.75 (1.65) 6.91 (2.00) 6.33 (1.93) <.0001
Hospitalization in Previous Year, mean (SD) 0.27 (.74) 1.11 (1.74) 0.69 (1.40) <.0001
Hospitalization during FU, mean (SD) 0.50 (1.18) 1.26 (1.95) 0.88 (1.66) <.0001
Mortality, n (%) 19 (5.0) 62 (16.1) 81 (10.6) <.0001
*Diabetes with End organ damage: patients diagnosed with one or more of the following diagnosis: retinopathy, neuropathy and nephropathy. SD = standard deviation; n = number of 
participants. BMI= body mass index; FU= follow-up; Mann-Whitney U and Kruskal-Wallis test (for non-normally distributed variables) and Chi-Square for continuous variables and 
categorical variables, respectively. Significant differences between frailty groups are in bold (p< .05).
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of the total respectively. The year before evaluation of 
frailty, 239 patients (31.3%) had at least one hospitalization 
and 524 (68.7%) did not have any hospitalizations. Over 
the follow up period, 481 participants (63.0%) did not have 
any hospitalizations; whereas, 282 (37.0%) had at least 1 
hospitalization (data are not shown). 

As shown in Table 2, using the Andersen-Gill model fully 
adjusted for covariates, frailty was significantly associated with 
higher risk for hospitalizations compared to non-frail patients, 
adjusted HR=1.71 (95%CI:1.31–2.24), p<.0001. There were 
some differences appeared after conducting sensitivity analysis 
in the subgroup of older Veterans with diabetes and frailty. In 
terms of age, there were no associations between frailty and 
all-cause hospitalizations in participants 75 years of age and 
older after adjustment for all covariates (Table 3), HR=.86 
(95%CI:.59-1.23), p=.399. There were significant associations 
of frailty with lower risk for all-cause hospitalizations in 
African American participants after adjusting for covariates: 
HR=.61 (95%CI:.41-.91), p=.015 (Table 3). After dividing 
the groups into those with and those without hospitalizations 

in the previous year, there were significant differences in 
those participants with previous hospitalizations HR=3.37 
(95%CI:2.43-4.66), p<.0001 (Table 3). 

Mortality
Over the follow-up period, 81 deaths occurred. Table 2 

displays the association between mortality and frailty in older 
Veterans with diabetes. After adjusting for all covariates, 
(Model 4), frailty increased the risk of all-cause mortality 
during follow up, HR=2.05 (95%CI:1.16-3.64), p=.014. During 
sensitivity analyses, frailty did not show association with all-
cause mortality in participants 75 years of age and older after 
adjustment for covariates HR=1.39 (95%CI:.79-2.46), p=.248 
(Table 3). There was not association of frailty with all-cause 
mortality in African Americans after adjustment for covariates: 
HR=.67 (95%CI:.34 - 1.32),  p=.244.  Furthermore, frailty 
was significantly associated with higher all-cause mortality in 
those with previous hospitalizations after adjustment: HR=3.36 
(95%CI:1.87-6.06), p<.0001 (Table 3). 

Table 2
Association of Frailty with All-Cause Hospitalizations and Mortality in Older Veterans with Diabetes (n = 763)

Hospitalizations

Unadjusted HR 
(95% CI)

p value Model 1 HR 
(95% CI)

p value Model 2 HR 
(95% CI)

p value Model 3 HR 
(95% CI)

p value Model 4 HR 
(95% CI)

p value

Non-Frail 1 (reference)

Frail 2.77 (2.08-3.69) <.0001 2.94 (2.23-3.87) <.0001 2.52 (1.88-3.38) <.0001 2.36 (1.77-3.14) <.0001 1.71 (1.31-2.24) <.0001

Mortality

Unadjusted HR 
(95% CI)

p value Model 1 HR 
(95% CI)

p value Model 2 HR 
(95% CI)

p value Model 3 HR 
(95% CI)

p value Model 4 HR 
(95% CI)

p value

Non-Frail 1 (reference)

Frail 3.85 (2.25-6.56) <.0001 3.77 (2.20-6.47) <.0001 2.89 (1.68-5.04) <.0001 2.65 (1.52-4.64) .001 2.05 (1.16-3.638) 0.014

Model 1 was adjusted for age, race, ethnicity, BMI and Median Household Income. Model 2 was adjusted for the covariates in Model 1 and Charlson Comorbidity Index. Model 3 was 
adjusted for the covariates in Models 1-2 and diabetes complications, duration of diabetes, use of insulin or sulfonylureas, metformin and level of glycemia control. Model 4 was adjusted 
for the covariates in the previous models and for hospitalizations in the previous year. Significant associations are in bold (p< .05). 

Table 3
Association of All-Cause Hospitalizations with Age Group (<75 y (n=261) vs. ≥75 y (n=124)), Race (White (n=220) vs. African 

American (n=165) and Prior Hospitalizations (No (n=207) vs. Yes (n=178)) in Patients with Frailty and Diabetes (n = 385)

Unadjusted HR 
(95% CI)

p value Model 1 HR 
(95% CI)

p value Model 2 HR 
(95% CI)

p value Model 3 HR 
(95% CI)

p value Model 4 HR 
(95% CI)

p value

<75 y 1 (reference)

≥ 75y .78 (.55-1.11) .1732 .84 (.59-1.21) .346 .74 (.51-1.06) .099 .74 (.5041.09) .130 .86 (.59-1.23) .399

White 1 (reference)

African American .73 (.53-1.02) .063 .63 (.42-.97) .035 .63 (.41-.97) .036 .64 (.42-.98) .042 .61 (.41-.91) .015

No Prior Hosp 1 (reference)

Prior Hosp 3.57 (2.59-4.91) <.0001 3.59 (2.61-4.95) <.0001 3.45 (2.49-4.79) <.0001 3.37 (2.43-4.66) <.0001 - -

Model 1 was adjusted for age, (except age group: <75y and ≥75y), race (except for race group: White vs African American), ethnicity, BMI and Median Household Income. Model 2 was 
adjusted for the covariates in Model 1 and Charlson Comorbidity Index. Model 3 was adjusted for the covariates in Models 1-2 and diabetes complications, duration of diabetes, use of 
insulin or sulfonylureas, metformin and level of glycemia control. Model 4 was adjusted for the covariates in the previous models and for hospitalizations in the previous year (except for 
Prior hospitalizations: Yes Prior and No prior). Significant associations are in bold (p< .05).
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Discussion
 

In this study, we investigated whether frailty was associated 
with risk for either all-cause hospitalizations or mortality in 
older adults with diabetes. The overall analysis showed an 
association between frailty in older adults with diabetes and 
a higher risk for all-cause hospitalization and mortality after 
adjustment for known confounders. There were, however, 
differences between subgroups of participants with frailty. 
African Americans with frailty had a lower risk for all-cause 
hospitalizations that whites. Older adults with frailty and history 
of hospitalizations in the previous year demonstrated a higher 
risk for both all-cause hospitalizations and mortality.

The independent contribution of frailty to a higher risk for 
all-cause hospitalizations and mortality in older people with 
diabetes may be related to several factors associated with this 
syndrome. Frailty may shape the presentation of type 2 diabetes 
by increasing the risk of hypoglycemia (8). Weight loss and 
sarcopenia which are often part of the frailty syndrome, may be 
further exacerbated by concurrent anorexia of aging potentially 
leading to the normalization of glycemic control and an 
increased risk for recurrent and sometimes severe hypoglycemia 
(21), which may lead to cardiovascular complications. 
Cardiovascular diagnoses represented the leading cause of 
hospitalization in our sample of older Veterans with diabetes. 
Older individuals with diabetes and frailty may be especially 
susceptible to the physiological effects of hypoglycemia on the 
cardiovascular system potentially contributing to a higher rate 
of hospitalizations. It has been proposed that older adults with 
diabetes and frailty may benefit from less aggressive targets 
for glycemic control (21). The increased inflammatory and 
coagulation abnormalities characteristic of frailty may also 
worsen the microvascular effects of diabetes (22) resulting 
in a higher rate of complications and in turn a risk for higher 
rate of subsequent hospitalizations and poor clinical outcomes 
including death. In our study complications of renal disease 
were amongst the leading causes of hospitalization. In older 

adults, frailty may mediate the link between diabetes and 
disability which in itself is associated with a higher risk for all-
cause hospitalization (23) and mortality (24). Falls, delirium, 
dementia and other geriatric syndromes often coexist with 
frailty sharing mechanisms that may also jointly contribute 
to an increase risk for hospitalizationsand mortality (25). 
Cognitive impairment, which is often underrecognized, often 
occurs and coexists patients with both diabetes and frailty, and 
is a known risk factor for hospital admissions and readmissions 
(26) and mortality in in patients with diabetes (27). That 
frailty has an additive effect to that of diabetes on all-cause 
hospitalizations and mortality in older adults with an already 
increased risk for healthcare utilization and decreased survival 
is particularly noteworthy. Identifying frailty could facilitate 
clinical decision making and potentially contribute to the 
implementation of clinical interventions aimed at reducing poor 
clinical outcomes and hospitalization risk in older patients with 
diabetes. 

Although some studies have addressed the issue of 
previous hospitalizations in older adults with frailty, none 
has specifically looked at the coexistence of both frailty and 
diabetes in subgroups of older adults with frailty. This analysis 
reveals some evidence of the level of heterogeneity in all-cause 
hospitalizations and mortality older people with diabetes and 
frailty.The lack of differences in hospitalizations between the 
two age subgroups may just be function of the smaller sample 
size. However, another explanation may be related to the 
characteristics of the subgroups (supplementary materials). The 
over 75 years old group shows characteristics that may explain 
the lower rate of hospitalizations we observed namely a higher 
proportion of Whites, a higher median household income, and a 
lower rate of diabetes complications. On the other hand, factors 
that may offset such advantages in the older group include a 
longer duration of diabetes and higher levels of multimorbidity. 
African American race is  independently associated with frailty 
(28) but differences in all-cause hospitalizations suggest that 
all things being equal, African Americans with frailty are less 

Table 4
Association of All-Cause Mortality with Age Group (<75 y (n=261) vs. ≥75 y (n=124)), Race (White (n=220) vs. African  

American (n=165) and Prior Hospitalizations (No (n=207) vs. Yes (n=178)) in Patients with Frailty and Diabetes (n = 385)

Unadjusted HR 
(95% CI)

p value Model 1 HR 
(95% CI)

p value Model 2 HR 
(95% CI)

p value Model 3 HR 
(95% CI)

p value Model 4 HR 
(95% CI)

p value

<75 y 1 (reference)

≥ 75y 2.19 (1.33-3.61) .002 1.66 (.98-2.78) .058 1.33 (.78-2.27) .294 1.18 (0.67-2.08) .557 1.39 (.79-2.46) .248

White 1 (reference)

African American .66 (.39-1.11) .119 .72 (.37-1.38) .320 .773 (.39-1.50) .448 .78 (.40-1.52) .467 .67 (.34-1.32) .244

No Prior Hosp 1 (reference)

Prior Hosp 3.70 (2.09-6.53) <.0001 3.86 (2.18-6.85) <.0001 3.55 (1.98-6.34) <.0001 3.36 (1.86-6.06) <.0001 - -

Model 1 was adjusted for age, (except age group: <75y and ≥75y), race (except for race group: White vs African American), ethnicity, BMI and Median Household Income. Model 2 was 
adjusted for the covariates in Model 1 and Charlson Comorbidity Index. Model 3 was adjusted for the covariates in Models 1-2 and diabetes complications, duration of diabetes, use of 
insulin or sulfonylureas, metformin and level of glycemia control. Model 4 was adjusted for the covariates in the previous models and for hospitalizations in the previous year (except for 
Prior hospitalizations: Yes Prior and No prior). Significant associations are in bold (p< .05).
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likely to be hospitalized. More research is needed regarding 
race-based differences in clinical and healthcare utilization 
outcomes of individuals with frailty and the specific factors that 
may contribute to this differential. Older adults with diabetes 
and a history of hospitalizations represent a high risk group 
for future hospitalizations (29). In hospitalized older adults, 
frailty was independently associated with a higher rate of 
complications and mortality risk (30). In frail older adults 
with diabetes hospitalization may further compromise their 
medical condition as the may be particularly vulnerable to the 
effects of hospitalization. In terms of mortality, our results 
are consistent with previous studies showing that African 
Americans with diabetes have similar (31) or even lower 
mortality that Caucasians (32, 33). The explanations vary 
and may include reporting bias, lack of adjustment for socio-
economic status (lower for African Americans), better access to 
care in an integrated healthcare system such as the VA (33) and 
differences in the prevalence of diabetes-related complications 
between these two groups (32-34). Although several studies 
have shown that African Americans have higher rates of 
kidney disease related mortality (32), Whites have higher rates 
of coronary heart disease than African Americans (33, 34) 
potentially leading to competing risks that may offset the effects 
of ESRD-related mortality on African Americans effectively 
canceling out any possible mortality differences.  

Strengths of this study include a relatively large sample of 
older adults with documented diabetes diagnoses, complete 
evaluation of frailty, inclusion of complete healthcare data from 
electronic health records, adjustment for multiple covariates 
associated with increased risk for all-cause hospitalization 
and mortality, and a long period of follow up. There are a few 
limitations. We used a convenience sample of predominantly 
male Veterans at one medical center, and the ethnic, racial, 
educational, and socio-economic composition as well as the 
structure of the healthcare system may be different from other 
healthcare settings in the US.  Future cohort studies should 
include larger, more diverse and randomly selected samples 
from varied geographic locations and healthcare systems.

This study indicated overall associations of frailty with 
higher risk for all-cause hospitalization and mortality in older 
adults with diabetes. Frailty appears to have an additive effect 
beyond that of diabetes on hospitalizations and mortality. 
Developing interventions aimed at reducing hospitalization risk 
in older adults with diabetes may start with the identification of 
frailty followed by the management of this syndrome in these 
individuals. Further research is needed with random sampling 
in a broader spectrum of healthcare settings to better understand 
what roles frailty might play in healthcare utilization, mortality 
and other clinical outcomes of older adults with diabetes.  
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