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Abstract

Background.—Progressive physical frailty in older adults is associated with increased risk of
falls, disability, institutionalization and mortality. Although associations between diabetes and
frailty have been observed, the impact of diabetes on frailty in older Hispanics is largely
unexplored. We examine the association of diabetes on the odds of frailty among older Mexican
Americans.

Subjects and Methods.—Using data from the Hispanic Established Population for the
Epidemiological Study of the Elderly (HEPESE) from 1995 until 2012, frailty was assessed by
slow gait, weak hand grip strength, exhaustion, and unexplained weight loss (n=1327).

Results.—Logistic regression showed a large magnitude of effect of diabetes on the odds of
frailty (OR 1.47, 95% CI 1.14-1.90). Other contributors to frailty included arthritis, heart attack,
and hip fracture. Positive and negative affect had significant and opposing associations. Ordinal
logit models assessed the odds of frail compared to non-frail and pre-frail. In these models,
diabetes was associated with a 32% increase in the odds of a higher level of frailty.

Conclusions.—Diabetes is a significant contributor to increased frailty in older Mexican
Americans. Interventions to reduce frailty rates should focus on mitigating the effects of diabetes
and shifting away from negative and towards positive affect.
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Introduction

Progressive physical frailty in older adults is associated with increased risk of falls,
disability, institutionalization and mortality [1-4]. Frailty is conceptualized as an
accumulation of deficits across multiple physical systems which reduce reserve capacity and
render older adults vulnerable to acute events and adverse outcomes [1, 2, 4]. Due to the
complex interaction of systems involved, frailty states vary over time.

Most frailty research has focused on non-Hispanic White populations. Research on frailty
among Hispanics is limited. However, similar to existing reports on non-Hispanic Whites,
research has shown a strong relationship between age and frailty among Hispanics [5, 6].
Other factors associated with increased frailty among Hispanics include adverse life events,
low social support, acculturation, and neighborhoods with low proportions of Hispanics [7—
9]. Importantly, frailty is associated with decreased quality of life and increased risk of
mortality, disability, and cognitive decline among Hispanics [6, 10-13].

Diabetes affects nearly 11 million adults age 65 and older in the US, approximately 26% of
the population of older adults [14]. Age-adjusted prevalence among non-Hispanic Whites is
7.6%, while the rate among Mexican-origin Hispanics is nearly double at 13.9%[14].
Diabetes is associated with numerous health conditions including hypertension,
hyperlipidemia, heart disease and stroke, retinopathy, kidney disease, peripheral vascular
disease and amputation, as well as premature mortality. These complications are particularly
problematic among populations such as Hispanics for whom low socioeconomic attainment
may lead to poor diet, limited exercise, and lack of preventive health care[15].

Research examining the association of diabetes with frailty in older populations has been
sparse, especially with long-term follow up. Using data from the Cardiovascular Health
Study (CHS) which included non-Hispanic Whites and Blacks in the US, Walston and
colleagues found that a third of frail subjects were diabetic, nearly twice the rate of non-frail
subjects [16]. In addition, elevated levels of fasting glucose and insulin were associated with
increased odds of being frail compared to not frail [16]. Similarly, researchers in Spain
found that elevated glycated hemoglobin (HbA1c) was associated with an increased odds of
frailty (OR 1.48, 95% CI 1.20-1.81 per 1% increase) [17]. Researchers in Mexico found
substantially higher rates of self-reported diabetes among frail subjects (23.7%) compared to
non-frail subjects (9.9%)[18], while others found that diabetes was associated with a more
than two-fold increase in the odds of a high frailty index score [19]. Prior studies of
Hispanics in the US have also found associations between diabetes and frailty, but have been
limited in their scope and methodology (e.g., limited follow-up time, no measure of frailty
over time).

In order to examine the relationship between diabetes and frailty among US Hispanics, we
examined data from the Hispanic Established Population for the Epidemiological Study of
the Elderly (HEPESE). We hypothesized that diabetes would be associated with increased
odds of frailty over time.
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Materials and Methods

Sample

We used data from the Hispanic Established Populations for the Epidemiologic Study of the
Elderly (H-EPESE), an on-going population-based study of 3,050 non-institutionalized
Mexican Americans aged 65 and older at baseline (1993-94) from five Southwestern US
states (Texas, California, New Mexico, Colorado, and Arizona). Eight waves of data have
been collected (1993-94 n = 3,050; 1995-96 n = 2,438; 1998-99 n = 1,981; 200001 n =
1,682; 2004-05 n = 1,167; 2006-07 n = 921; 2010-11 n = 659; 2012-13 n=444).
Respondents were interviewed in Spanish or English. Details regarding the methods have
been described elsewhere [20]. Our study sample includes respondents beginning in Wave 2
(here-after referred to as baseline), the first wave where an important component of our
frailty measure (weight loss) could be assessed. Subjects were then followed over the 6
subsequent waves of data collection resulting in nearly 18 years of follow-up time.
Respondents were included if they were able to complete the frailty assessment and had
complete data for included variables at baseline (N=1327). All research protocols and
informed consents were approved by the University’s Institutional Review Board.

Dependent variable

Covariates

Frailty status was determined based on a modification of the frailty phenotype described by
Fried and colleagues [1]. The original phenotype measures included weight loss, exhaustion,
slow gait, low grip strength, and low physical activity. An assessment of physical activity
was not available in all waves and, thus, was excluded from our frailty measure. The 4-item
measure has been used in previous studies and shown to have similar properties to the 5-item
measure [5, 9, 13, 21-23]. Weight loss was defined as a 10 pound difference in weight from
prior observation. Exhaustion was assessed using responses to 2 items on the Center for
Epidemiological Studies Depression (CES-D) scale: “I felt everything was an effort” and “I
could not get going”. Responses were scored as 0 for less than daily or 1-2 days and scored
1 for feelings occurring 3 or more days. Exhaustion was operationally defined as a positive
response to either of the questions.

Gait speed was assessed using a timed performance of an 8 foot walk test. Subjects who
were unable to perform the task or were in the bottom 20% adjusted for height and sex were
coded as 1 (slow gait). Grip strength was assessed with a hand-held dynamometer. Subjects
unable to perform the test or whose grip strength was in the bottom 20% (adjusted for
weight and sex) were coded “weak grip strength”. Each of the dichotomous indicators of the
frailty phenotype were then aggregated and categorized to form a frailty rating (range 0-4).
Because participants could refuse to perform assessment activities, we allowed for the range
to still be reported if a single item was skipped. Thus, our aggregate may underestimate the
presence of frailty based on the measure developed by Fried and colleagues [1].

Health Conditions.—We included major health conditions associated with functional
decline [24, 25]. Health conditions were ascertained through self-report. Respondents were
asked if they had “ever been told by a doctor that you had...” hypertension, diabetes,
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arthritis, cancer, heart attack, stroke, or hip fracture. Type of diabetes (insulin and non-
insulin compared to not diabetic) and duration of diabetes in years (0-9, 10-19 and 20 or
more compared to not diabetic) were also included. Pain was assessed with the question “In
the past month, have you experienced pain or discomfort when you stood or walked?”
Answers were coded as yes or no at each wave. Cognitive impairment was defined as a score
less than 21 on the Mini-Mental State Examination (MMSE)[13, 24, 26-28]. Positive and
negative affect was assessed summing the responses to subsets of questions from the CESD
(4 items range 0-12 and 5 items range 0-15 respectively; see appendix Table i for details).

Other Covariates.—Other variables included age, sex (female), low education (<5 years
based on the sample mean), US born, over-weight or obese (25 < BMI < 30 and BMI = 30
respectively; BMI<25 as control), current smoker, and currently married. Financial strain
was assessed as “yes” if the respondent expressed either (1) difficulty paying bills or (2) not
having enough money left at the end of the month.

Statistical analysis

Results

Demographic characteristics were examined for the selected study subjects and comparisons
by diabetes status were made. We then assessed the odds of frailty (having 2 or more frailty

measures) during follow-up using logistic regression accounting for repeated measurements

of individuals. This analysis was chosen rather than a time to event approach because frailty
is not an absorbing state but is rather fluid.

In addition, an ordered logit model was used to assess the odds of being frail compared to
non-frail or pre-frail. The Brant test was used to determine if any covariates violated the
proportional odds assumption. Low education (<5 years) and positive affect were both
shown to violate the assumption, thus, a generalized ordered logit model was used. This
generalized approach employs a partial proportional odds model that allows some of the
coefficients to be the same for all values of the outcome, while other coefficients can differ
across levels of the outcome. Possible collinearity between covariates was examined by the
Variance Inflation Factor which showed all VIF values to be below 2.0, well below the
threshold of concern (10.0). All analyses were performed using Stata 14mp (Stata Corp,
College Station TX).

The characteristics of the diabetics and non-diabetics are described in Table 1. The groups of
respondents were similar in proportion female, US born, education, and marital status.
Diabetics had higher rates of self-reported hypertension and arthritis, and were more likely
to be obese. Non-diabetics were significantly older (73 compared to 71 years, p<0.005).

Figure 1 displays the proportion of frail states by diabetes status across waves. A higher
proportion of non-diabetics were not frail at each assessment until wave 6 beyond which the
proportions were similar between groups. Also, fewer non-diabetics were frail at each
assessment until Wave 6, at which the rates were similar. The proportions of pre-frail
(having a single frailty measure) were similar between diabetics and non-diabetic across
follow-up until the last assessment.
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The results of logistic regression models assessing the impact of covariates on the odds of
frailty are presented in Table 2. Diabetes was associated with a nearly 50% increase in the
odds of frailty over time. Diabetics using insulin had two-fold increase in the odds of frailty
compared to non-diabetics. Diabetics regardless of duration of disease had nearly 50%
higher odds of frailty. Low education (<5 years) was also associated with a nearly 50%
increase in the odds of frailty as was cognitive impairment (MMSE<21). Arthritis and heart
attack were both associated with increased odds of frailty (43% and 58% respectively), and
hip fracture was associated with a three-fold increase in odds of frailty over time.
Overweight and obese were both associated with reduced odds of frailty. Positive affect was
associated with a 6% reduction in the odds of frailty while negative affect was associated
with a 17 % increase in odds of frailty.

Table 3 presents the results of the generalized ordered logit model (full model). The odds
ratios represent the odds of being in a higher category compared to a lower category. That is,
the column labeled “not frail” displays the odds ratios of being either pre-frail or frail
compared to the not frail category. Similar to the logit model, diabetes was associated with
increased odds of both pre-frail and frail compared to non-frail. Arthritis, heart attack and
hip fracture were also associated with increased odds of pre-frail and frail compared to non-
frail, as was cognitive impairment and negative affect. The effects of low education varied
across levels of frailty: comparing non-frail to pre-frail or frail there is no effect of
education; however, comparing non-frail and pre-frail to frail, low education was associated
with a 41% increased odds of being frail. Positive affect also varied across levels of frailty
but was associated with reduced odds of increased levels of frailty.

Discussion

In order to assess the odds of frailty associated with diabetes, we analyzed longitudinal data
from the HEPESE with approximately 18 years of follow-up. We observed a strong and
consistent increase in the odds of frailty associated with diabetes controlling for numerous
demographic, health and social factors. These results were also largely consistent when
comparing non-frail to pre-frail and frail, and comparing no-frail and pre-frail to frail.

Other studies have shown that diabetic adults age 65 and older are more likely to be frail
compared to non-diabetic peers, and frail diabetics have higher rates of mortality than the
non-frail [6, 29, 30]. This association may be partially explained by glucose dysregulation
and changes in micro-vascularization leading to impaired muscle function [31]. The
resulting weakness manifests as reduced grip strength and slower gait among older diabetics
compared to non-diabetics. Similarly, arthritis is associated with increased risk of mortality
[32], as well as increased risk of functional decline [33] and frailty [6] through joint damage,
weakness and fatigue associated with inflammatory processes.

The association of longer duration of diabetes and increased odds of frailty was not
surprising. While not examining frailty directly, other studies have found associations with
duration of diabetes and potential contributors to frailty. Young and colleagues found that the
presence of neuropathy increased from 21% of diabetics with disease duration of less than 5
years to nearly 37% of diabetics with duration of 10 years or more [34]. In their small study
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of diabetics and matched controls, Hatef and colleagues found that diabetics with duration of
less than 10 year and those with greater than 10 year duration both had decreased knee
flexor and extensor strength compared to non-diabetic controls [35]. Longer duration
coincides with decreased glycemic control, contributing to changes in micro- vascularization
and impaired function [31].

Most prior studies of the association of diabetes and frailty have focused on the presence or
absence of the disease or insulin resistance. We were able to extend this prior work by also
examining both non-insulin and insulin dependent diabetics. Insulin is usually started when
the patient is no longer achieving desired levels of glycemic control with oral medications,
thus an indicator of disease progression or severity. It is possible that prolonged
dysregulation leads to increased advanced glycation end products that have been linked to
peripheral neuropathy [36], slow walking speed [37], and weak grip strength [38]. The
increased odds of being frail associated with insulin dependence in our results (twice the
odds of non-diabetics) further supports the idea of glycemic dysregulation playing a role in
becoming frail.

The association of arthritis with increased frailty is consistent with other reports [39-41].
Persistent pain when standing or walking provides negative feedback encouraging sedentary
behavior. Such immobility further exacerbates muscle loss and weakness in older adults
resulting in more rapid onset of frailty symptoms. Arthritis co-occurs among an estimated
50% of diabetics, and inactivity in diabetics with arthritis is higher than those with diabetes
alone (30% and 21% respectively) [42]. It is likely that this additional barrier compounds the
metabolic effects of diabetes resulting in increased frailty.

The association of frailty and cognitive impairment in our data was expected. Links between
cognitive decline and physical frailty have been described in other research [5, 13, 26, 43].
Potential explanations for this association include Alzheimer’s disease related plaque
development, chronic inflammatory disease, nutritional imbalance and cardiovascular
disease. It is plausible that cognitive decline and physical frailty share a common underlying
pathology [44]. Two common models of frailty, the phenotype proposed by Fried et al [1]
and the index proposed by Rockwood et al [4], diverge on the inclusion of cognition. While
others propose a separate measure of cognitive frailty [45]. Indeed, there is considerable
disagreement whether or not to include cognitive impairment in measures of frailty leading
to difficulty in cross-study evaluations [46].

While diabetes, arthritis, and cognitive impairment can independently lead to reduced
physical activity and subsequently increased risk of frailty, it is important to note that
increases in physical exercise may diminish those effects [47, 48]. Such findings underscore
the importance of maintaining or increasing strength and mobility in older adults as well as
support for community programs aimed at increasing levels of physical exercise. This may
be of particular importance for older Mexican origin adults who report high rates of diabetes
and low rates of physical activity [49].

The opposing influences of positive and negative affect also warrant noting. While the
effects were modest (6% reduction and 17% increase in the odds of frailty respectively), the
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impact of shifting away from negative toward positive could be substantial. In their recent
meta-analysis, Boumparis and colleagues found moderate effects of interventions aimed at
enhancing positive and reducing negative affect [50]. In small studies, positive affect
interventions have showed promise in promoting physical activity following coronary
procedures among non-Hispanic Whites, non-Hispanic Blacks and Hispanics [51] as well as
improved medication adherence in hypertensive African Americans [52]. While no work has
focused specifically on Mexican Americans and frailty, such interventions could lead to
reductions in frailty through increased motivation to remain active and/or increase activity
levels, seek appropriate preventive health care, and encourage other health promoting
behaviors.

While some previous studies have found significant association of gender (female) with
frailty in the general population and to some extent among Hispanics [1, 13], other work
using group based models found little or no effect among older Mexican Americans [9]. The
lack of evidence for an effect of nativity, marital status or financial strain among our sample
of Mexican Americans also echoes prior work [9]. In regards to health conditions, it is
possible that the lack of effect of hypertension and stroke in our analyses was due to severe
events resulting in early mortality rather than frailty.

Our study has several important limitations. Our study sample was drawn from a
representative sample of Mexican origin older adults from 5 southwestern US states. Thus,
our findings cannot be compared to the broader US population or Hispanic groups. Also, we
used a modified measure of frailty that did not incorporate physical activity. Although our
findings are not directly comparable to those where the complete phenotype is used [1], the
modified measure has been widely used and shown to have similar properties to the 5-item
measure [5, 9, 13, 21-23]. Those excluded from the study had higher rates of cancer, hip
fracture, heart attack and stroke which may have resulted in an underestimation of frailty.

Conclusion.

A large magnitude of effect of diabetes on odds of frailty over time was evident in our
sample of older Mexican Americans. This effect persisted despite controlling for
demographics, and health and social factors. Programs aimed at decreasing the effects of
diabetes, arthritis and combating negative affect in older adults may have potential to slow
the frailty process.
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Appendix Table i.

CESD subscale items for Positive and Negative Affect
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Positive Affect:
| felt that | was just as good as other people
| felt hopeful about the future
| was happy
| enjoyed life
Negative Affect:
| felt that | could not shake off the blues even with help from my family and friends
| felt depressed
| felt lonely
| had crying spells
| felt sad

CESD - Center for Epidemiologic Studies Depression Scale

Abbreviations:

HEPESE Hispanic Established Population for the Epidemiological Study of the
Elderly
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Figure 1.

Proportion of frail states by diabetes status (solid and dash lines), HEPESE wave 2 to wave
8.
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Table 1:

Characteristics of sample by diabetes status, HEPESE Wave 2

Non-diabetic  Diabetic
N 1026 301
Age 7267 (551) 71.38(457) *
Female 59.84 60.47
US Born 56.73 59.14
School £5 60.43 61.46
Overweight 36.45 33.22
Obese 27.19 39.87 HAE
Married 57.02 58.14
Hypertension 39.57 57.48 AR
Acrthritis 424 53.16 el
Frail count” 053(0.71)  0.69(0.85)  **
DM Medications
Any 88.7
Pills 73.78
Injections 23.78
DM Duration 11.98 (9.69)
"p<0.05
-
p<0.01
-
p<0.001

fcount of positive frailty measures

DM - Diabetes; HEPESE - Hispanic Established Population for the Epidemiologic Study of the Elderly
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Table 2.

Page 14

Logistic regression predicting odds of being frail (2 or more frailty measures, none missing) from the HEPESE
wave 2 to wave 8 (n = 1327)

OR (95% ClI) OR (95% ClI) OR (95% ClI)

Time (years) 1.07 (1.05-1.09) 1.07 (1.05-1.09) 1.07 (1.05-1.09)
70-74 1.18 (0.93 - 1.50) 1.18 (0.93 - 1.50) 1.18 (0.93 - 1.50)
75-80 2.01 (1.51-2.67) 2.00 (1.50 - 2.65) 2.00 (1.51-2.66)
80+ 2.78 (1.90 - 4.05) 2.81 (1.92 - 4.10) 2.78 (1.90 — 4.06)
Female 0.81 (0.65-1.01) 0.81 (0.65-1.02) 0.81 (0.65-1.02)
School <5 1.49 (1.20-1.85) 1.49 (1.20-1.85) 1.50 (1.21-1.87)
Overweight 0.63 (0.50-0.78) 0.62 (0.50-0.78) 0.63 (0.50-0.78)
Obese 0.71 (0.56 - 0.92) 0.71 (0.55-0.91) 0.72 (0.56 - 0.92)
Arthritis 1.43 (1.16 - 1.76) 1.43 (1.16 - 1.76) 1.42 (1.16 - 1.75)
Hypertension 1.12 (0.91-1.37) 1.10 (0.90 - 1.36) 1.12 (0.91-1.38)
MMSE < 22 1.52 (1.25-1.86) 1.52 (1.24 -1.85) 1.52 (1.25-1.85)
Heart attack 1.58 (1.15-2.17) 1.57 (1.14 - 2.16) 1.58 (1.15-2.17)
Stroke 1.25 (0.83 -1.90) 1.25 (0.82 -1.89) 1.25 (0.83-1.90)
Hip 3.06 (1.66 - 5.62) 3.05 (1.66 - 5.62) 3.05 (1.66 - 5.60)
Married 1.13 (0.92 — 1.40) 1.14 (0.92 - 1.40) 1.14 (0.92 - 1.40)
Positive Affect 0.94 (0.92 - 0.96) 0.94 (0.92 - 0.96) 0.94 (0.92 - 0.96)
Negative Affect 1.17 (1.14-1.21) 1.17 (1.14-1.21) 1.17 (1.14-1.21)
Diabetes 1.47 (1.14 -1.90)
DM status (non-DM ref):

Non-insulin 1.35 (1.03-1.77)

Insulin 2.03 (1.17 - 3.50)
DM duration (non-DM ref):

1-9 1.54 (1.07-2.21)

10+ 1.48 (1.05-2.08)

Abbreviations: DM - Diabetes Mellitus; HEPESE - Hispanic Population for the Epidemiologic Study of the Elderly; MMSE - Mini Mental State

Examination
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Generalized ordered logit predicting odds of frail level, HEPESE wave 2 to wave 8 (n = 1327)

Table 3.

OR
Time (years) 1.04
70-74 1.14
75-80 1.62
80+ 2.08
Female 0.91
School <5 1.09
Overweight 0.74
Obese 0.76
Diabetes 1.32
Arthritis 1.28
Hypertension 1.09
MMSE < 22 1.37
Heart attack 1.43
Stroke 1.34
Hip 2.83
Married 111

Positive Affect 0.97
Negative Affect 1.14

Non-frail

(95% CI)

(1.03 - 1.05)
(0.99 - 1.32)
(1.35-1.96)
(1.59 - 2.71)
(0.79 - 1.05)
(0.95-1.25)
(0.64 - 0.85)
(0.65 - 0.89)
(1.12-1.55)
(1.12 - 1.46)
(0.96 - 1.25)
(1.20-157)
(1.11-1.84)
(1.00 - 1.78)
(1.73-4.61)
(0.97-1.27)
(0.96 — 0.99)
(1.12-1.17)

OR
1.04
1.14
1.62
2.08
0.91
141
0.74
0.76
1.32
1.28
1.09
1.37
1.43
1.34
2.83
111
0.94
1.14

Pre-frail

(95% CI)

(1.03 - 1.05)
(0.99 - 1.32)
(1.35-1.96)
(1.59 - 2.71)
(0.79 - 1.05)
(1.18-1.68)
(0.64 - 0.85)
(0.65 - 0.89)
(1.12-1.55)
(1.12 - 1.46)
(0.96 — 1.25)
(1.20-157)
(1.11-1.84)
(1.00 - 1.78)
(1.73-4.61)
(0.97-1.27)
(0.93-0.96)
(1.12-1.17)

Page 15

Note: The non-frail column represents the odds of being pre-frail or frail compared to non-frail. The pre-frail column represents the odds of being

frail compared to non-frail or pre-frail. Where the proportional odds assumption is met the odds are the same in both columns. Where the

proportional odds assumption is violated, the odds differ (e.g., School<5).
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