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Abstract

We aimed to investigate the role of the laboratory frailty index (LFl) in diabetic complications and incident disability in
admitted older patients with type 2 diabetes mellitus (T2DM). We retrospectively collected the clinical data of older patients
with T2DM from December 2018 to May 2020. Frailty was quantified using the LFl, which considers the accumulation of 27
items of abnormal laboratory outcomes. Univariate and multivariate analyses were performed to evaluate the relationship
between LFl and diabetes-related adverse outcomes. In total, 293 consecutive older patients with T2DM were recruited for
this study. According to the predefined LFl criteria, 110 (37.5%) participants were non-frail, 131 (44.7%) were prefrail, and
52 (17.8%) were frail. Univariate and multivariate analysis revealed that LFl was associated with the diabetic microangiopathy
complications (odds ratio for prefrail [OR . ;] 1.760, 95% confidence interval for prefrail [CI . .] 1.019-3.041, P=.043;
OR;4.667,95% Cl,_,2.012-10.826, P<<.001) and activities of daily living (ADL) disability (OR  ;,2.323,95% CI | ; 1.209-
4.463,P=.011; OR,_, 9.367, 95% CI, ., 4.030-21.775, P<.001), but not with the diabetic macroangiopathy complications and
diabetic peripheral neuropathy. Frailty, as determined by the LFl, was proven to be an effective tool for the prediction of
diabetic microangiopathy complications and ADL disability.
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What do we already know about this topic?

Previous studies have shown that older adults with diabetes tend to be frailer than those without diabetes. However,
evidence for association between laboratory frailty index (LFI) and adverse health outcomes in older adults with type 2
diabetes mellitus (T2DM) is lacking.

How does your research contribute to the field?

This is the first study to investigate the role of LFI in diabetic complications and incident disability in older patients with
T2DM. Frailty, defined by LFI, was proven to be an independent risk factor for diabetic microangiopathy complications
and activities of daily living (ADL) disability, suggesting that the potential use of LFI in the clinical setting to determine
whether the participants were prefrail or frail.

What are your research’s implications toward theory, practice, or policy?

It may be simpler to construct a frailty index using routine laboratory data commonly collected in clinical settings than
based on clinical assessment data alone. Frail patients defined by the LFI require preventive multidimensional interven-
tions to mitigate frailty development and progression of frailty.

Introduction diabetes mellitus (DM) is exacerbated in the aging population

With an aging population and low level of physical activity,
the prevalence of diabetes in China has increased by 9.73%
from1980 to 2013.! There is an increase in diabetes preva-
lence with age, with diabetes affecting over 25% of individu-
als aged 65years and older.> The public health burden of

and is strongly associated with higher mortality among
affected individuals.’ Diabetes-related costs are estimated at
35-40% due to vascular complications, including macroangi-
opathy and microangiopathy, which pose a threat to indepen-
dence, self-care capacity, and quality of life.> Comprehensive
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evaluation of older patients with type 2 DM (T2DM) is essen-
tial to improve their quality of life, preserve their functional-
ity, and avoid complications.*

The clinical condition of frailty accounts for the most
problematic manifestation of population aging.® Frailty is a
state of diminished resilience to homeostasis after stress,
resulting in a higher risk of adverse outcomes, such as falls,
fractures, dementia, and even disability. Frailty is an age-
related clinical syndrome. It is prevalent among many older
people.!’ Additionally, frail patients with diabetes have a
higher mortality rate than robust individuals with diabetes.'!
In recent years, frailty screening and assessment have been
increasingly perceived as necessary by societies.!? Several
methods have been used to measure frailty due to a lack of
consensus.!* One common approach for estimating frailty is
the laboratory frailty index (LFI), which considers the accu-
mulation of abnormal laboratory outcomes.'* In recent stud-
ies, incipient frailty states have been identified using the LFI
to assess the risk of adverse outcomes associated with clini-
cally detectable frailty.!® Frailty is the main determinant of
poor outcomes in older individuals,'® and is associated with a
high burden of inflammation.!” It is associated with poor con-
trol of chronic diseases, such as T2DM.'® Moreover, sarcope-
nia, a major determinant of frailty, is strongly correlated with
low vitamin D levels.!” Thus, studying laboratory parameters
based on frailty index in diabetic subjects is reasonable.

Several studies have shown that patients with diabetes
tend to be frailer than older adults without diabetes.?**2
There is a lack of evidence pertaining to the association
between LFI and adverse health outcomes in older adults
with T2DM. In this study, we investigated the role of LFI in
diabetes-related complications and incident disability in
admitted older adults with T2DM.

Materials and Methods

Patients

This study included patients who were consecutively admit-
ted to the Endocrinology Department of our hospital between
December 2018 and May 2020. Inclusion criteria included
individuals aged 65 or older, diagnosed with T2DM accord-
ing to the World Health Organization National Diabetic
group criteria.?? The exclusion criteria were hospital admis-
sion for acute illness or missing data. This study was con-
ducted in accordance with the ethical principles of the
Declaration of Helsinki.

The sample size required to develop predictive models for
binary outcomes was estimated based on the principle of at
least 10 events for each included predictor.?*?* In the present
study, multivariate analyses were conducted on factors with
P<.10 in the univariate analyses. Five predictors were
included in the logistic regression model. In the present
study, 52 individuals with frailty were identified so that more
robust models could be developed.

Data Collection

Data were obtained from the inpatient hospital information
system within the first 72 h of admission. Data from each
patient included the following parameters: (1) clinical char-
acteristics, such as age, sex, body mass index (BMI), systolic
and diastolic blood pressure (SBP and DBP), heart rate (HR),
smoking status, duration of diabetes, and hemoglobin Alc
(HbAlc). (2) Adverse outcomes, including diabetic nephrop-
athy (DN, defined as the ratio of urinary albumin to creati-
nine =30mg/g*®), diabetic retinopathy (DR, was identified
by dilated ophthalmoscopy and standard fundus photo-
graphs), diabetic peripheral neuropathy (DPN, was defined
by either of the following criteria: (i) at least one abnormal
neurological screening testing [temperature and pinprick
sensation, vibration perception with 128 Hz tuning fork,
touch perception with 10g monofilament testing, and ankle
reflexes] with DPN symptoms [foot sensations, such as
numbness, pain, and paresthesia]; (ii) at least 2 abnormal
screening examinations without DPN symptoms)?’; coronary
artery disease (CAD, defined as coronary artery calcification
detected by computed tomography and/or coronary stenosis
detected by coronary angiography); cerebrovascular disease
(CVD, was defined as a history of stroke or transient cere-
bral); peripheral arterial disease (PAD, was defined as the
formation of plaque in the lower extremity artery on ultraso-
nography)®; and activities of daily living (ADL, was
assessed by the Barthel Index, which includes 10 items:
feeding, bathing, grooming, dressing, controlling bowels,
controlling bladder, toileting, transferring chair/bed, walk-
ing, and climbing stairs. To qualify as ADL disability, at least
one of the items had to be performed with assistance).?’

Definition of Frailty

Frailty was measured using the LFI based on deficit accu-
mulation. Supplemental Table 1 describes the scoring cri-
teria of the LFI, which were derived from the most common
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Table I. Patient Demographic and Clinical Characteristics.
Characteristics Total (n=293) Non-Frail (n=110) Pre-frail (n=131) Frail (n=52) P
Age, median (IQR), years 72 (10) 71 (8) 72 (1) 74 (1) A5
Sex, n (%) .108
Male 150 (51.2) 62 (56.4) 56 (42.7) 25 (48.1)
Female 143 (48.8) 48 (43.6) 75 (57.3) 27 (51.9)
Height, median (IQR), m 1.60 (0.12) 1.60 (0.13) 1.60 (0.13) 1.60 (0.12) 913
Weight, median (IQR), kg 62.5 (16.0) 63.0 (18.0) 63 (15.0) 60.5 (14.0) .645
BMI, median (IQR), kg/m? 24.3 (4.4) 24.5 (4.8) 24.3 (4.2) 23.5 (4.3) .585
BMI group, n (%) 572
Underweight (<18.5) 6 (2.0) 2(1.8) 2 (1.5) 2 (3.8)
Normal (18.5-23.9) 130 (44.4) 44 (40.0) 60 (45.8) 26 (50.0)
Overweight (=24) 157 (53.6) 64 (58.2) 69 (52.7) 24 (46.2)
SBP, median (IQR), mmHg 142 (28) 144 (26) 142 (26) 136 (36) 236
DBP, median (IQR), mmHg 74 (15) 75 (12) 74 (14) 72 (12) 029"
HR, median (IQR), b.m.p 78 (14) 76 (12) 77 (15) 80 (14) .007"
Duration of diabetes, years I (13) 11 (13) 11 (13) 14 (14) 494
Smoking status, n (%) 211
Never 211 (72.0) 85 (77.3) 85 (65.6) 40 (76.9)
Previous 43 (14.7) 13 (11.8) 22 (16.8) 8 (15.4)
Current 39 (13.3) 12 (10.9) 23 (17.6) 4(7.7)
Drinking status, n (%) .540
Never 224 (76.4) 88 (80.0) 95 (72.5) 41 (76.5)
Previous 31 (10.6) 8(7.3) 19 (14.5) 4 (10.6)
Current 38 (13.0) 14 (12.7) 17 (14.0) 7 (12.9)
Drugs
Metformin, n (%) 174 (59.4) 80 (72.7) 81 (61.8) 13 (25.0) <.001"
Insulin, n (%) 160 (54.6) 50 (45.5) 72 (55.0) 38 (73.1) .004"
HbA ¢, median (IQR), % 8.50 (3.10) 8.65 (2.83) 8.40 (3.20) 8.50 (4.05) 938

IQR = interquartile range; BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; HR = heart rate; HbAlc =

hemoglobin Alc.
*Statistically significant (P <<.05).

laboratory tests, yielding 27 items.'® Items were scored as
normal or abnormal according to the local reference
ranges. To calculate LFI, the number of abnormal results
was divided by the total number of tests. For instance, if a
patient had 3 abnormal test results from the 27 items, this
would result in an LFI score of 0.11 (3/27). To generate a
valid LFI score, at least 70%, or 19 of the 27 items, required
to be measured."”” According to the LFI score, patients
were classified as non-frail (<0.15), pre-frail (0.15-0.28),
or frail (=0.28).

Statistical Analyses

The Kolmogorov-Smirnov test was used to estimate the nor-
mality of continuous variables. Analysis of variance test was
used to compare continuous variables with a normal distribu-
tion, as measured by the mean = standard deviation (SD). The
median and interquartile range (IQR) were calculated for con-
tinuous variables with a non-normal distribution using the
Kruskal-Wallis H test for comparison. Numbers and percent-
ages were used to describe categorical variables by applying

the Pearson’s chi square test or Fisher’s exact test for compari-
son. Binary logistic regression analysis was used to investigate
the association between frailty and adverse outcomes.
Multivariate analyses were conducted on factors with P <<.10
in the univariate analyses. A logistic regression analysis was
performed using odds ratios (ORs) and 95% confidence inter-
vals (Cls). Statistical significance was determined using a
2-tailed P<<.05. All statistical analyses were performed using
the IBM SPSS Statistics software (version 26.0).

Results

In total, 293 consecutive patients with T2DM aged >65 years
were recruited for this study. Figure 1 shows the distribution
of LFI, the LFI was obviously right-skewed. According to
the predefined LFI criteria, 110 (37.5%) of 293 participants
were non-frail, 131 (44.7%) were prefrail, and 52 (17.8%)
were frail.

Table 1 summarized the baseline characteristics of the
population according to the LFI categories. On enrollment,
they had a median age of 72 years, a median height of 1.60 m,
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a median weight of 62.5kg, a median BMI of 24.3kg/m?, a
median SBP of 142mmHg, a median DBP of 74 mmHg, a
median HR of 78bpm, a median duration of diabetes of
11 years, and a median HbA1c of 8.50%. Among the recruited
patients, 150 (51.2%) were males and 143 (48.8%) were
females. Among the LFI categories, there were significant
differences in DBP, HR, and the use of metformin and insulin
but no significant differences were observed in age, sex,
height, weight, BMI, SBP, duration of diabetes, smoking sta-
tus, drinking status, or HbAlc levels.

Table 2 presented descriptive statistics of the cross-sec-
tional outcome measures of the LFI categories. The most
common diabetic complications were DN (n=138, 47.1%),
DR (n=111, 37.9%), CAD (n=165, 56.3%), CVD (n=165,
56.3%), PAD (n=40,13.7%) and DPN (n=185, 63.1%). We
found that the LFI categories were associated with diabetic
microangiopathy complications (P=.002") and ADL disabil-
ity (P<.001") but not with diabetic macroangiopathy com-
plications (P=.099). Both DN (P <.001%) and DR (P=.002")
occurred more frequently in the frail group.

Table 3 illustrated the results of the association between
the LFI categories and outcomes using binary logistic
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Figure |. The distribution of the LFI.

Table 2. Adverse Outcomes.

regression analysis. We found LFI categories were associ-
ated with the diabetic microangiopathy complications
(OR oot 1.760,95% CI .,y 1.019-3.041, P= .043%; OR
4.667, 95% CI,, 2.012-10.826, P<.001"), DN (OR e
1.987, 95% CI . 1.141-3.461, P=.015"; OR__. 5.798,
95% Cly,, 2.671-12.588, P<.001"), DR (OR g 1.770,
95% Clogri 1.009-3.103, P=.046"; OR; 3.291, 95%
Cl,,, 1.598-6.778, P <.001") and ADL disability (OR,

2.323, 95% CI,

frail

frail

prefrail
refrail 1.209-4.463, P=.01 1" ORfrail 9.367,
95% CIj,; 4.030-21.775, P<.0017), which were consistent

with the findings from the univariate analysis.

Discussion

Previous studies typically employed Fried’s frailty pheno-
type and the FRAIL scale, defined by a comprehensive
geriatric assessment.?%3%3! However, the frailty phenotype
and FRAIL scale may not capture all the factors that affect
an individual’s life expectancy. Previous LFI studies dem-
onstrated that combining self-reports with clinical mea-
sures increased the accuracy of mortality prediction.!#2%3
It may be simpler to construct a frailty index using routine
laboratory data commonly collected in clinical settings
than based on clinical assessment data alone. Howlett et al.
assessed a 21-item LFI based on 21 laboratory data points
and DBP and SBP measures in community-dwelling older
adults and institutionalized individuals.'* Similarly,
Blodgett et al . evaluated a 23-item LFI based on routine
blood tests and standard physical measurements in com-
munity-dwelling older adults.>* Adding more deficit fac-
tors to the LFI may enhance its predictive capability.
Therefore, in the current study, we operationalized the LFI
using 27 of the most common laboratory parameters based
on blood samples. Notably, the LFI has the advantage that
it can be analyzed using a single laboratory report from a
general laboratory without having to consider additional
variables, such as standard physical examinations or more
specialized blood tests.

Outcomes Total (n=293) Non-Frail (n=110) Pre-Frail (n=131) Frail (n=52) P
Diabetic microangiopathy 183 (62.5) 57 (51.8) 84 (64.1) 42 (80.8) .002"
DN, n (%) 138 (47.1) 36 (32.7) 64 (48.9) 38 (73.1) <.001"
DR, n (%) 111 (37.9) 30 (27.3) 52 (39.7) 29 (55.8) .002"
Diabetic macroangiopathy 213 (72.7) 76 (69.1) 93 (71.0) 44 (84.6) .099
CAD, n (%) 165 (56.3) 63 (57.3) 67 (51.1) 35 (67.3) 134
CVD, n (%) 109 (37.2) 33 (30.0) 53 (40.5) 23 (44.2) 126
PAD, n (%) 40 (13.7) 12 (10.9) 18 (13.7) 10 (19.2) 354
DPN, n (%) 185 (63.1) 67 (60.9) 88 (67.2) 30 (57.7) 404
ADL disability, n (%) 105 (35.8) 23 (20.9) 48 (36.6) 34 (65.4) <.001"

DN = diabetic nephropathy; DR = diabetic retinopathy; CAD = coronary artery disease; CVD = cerebrovascular disease; PAD = peripheral arterial

disease; DPN = diabetic peripheral neuropathy; ADL = activities of daily living.

*Statistically significant (P <<.05).
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Table 3. Binary Logistic Regression Frailty and Outcomes.

QOutcomes OR 95% Cl P
Diabetic microangiopathy .00l1*

Non-Frail Ref.

Pre-Frail 1.760 1.019-3.041 043"

Frail 4.667 2.012-10.826 <.001"
DN <.001"

Non-Frail Ref.

Pre-Frail 1.987 1.141-3.461 015"

Frail 5.798 2.671-12.588 <.001"
DR .005"

Non-Frail Ref.

Pre-Frail 1.770 1.009-3.103 046"

Frail 3.291 1.598-6.778 .00l*
Diabetic macroangiopathy .164

Non-Frail Ref.

Pre-Frail 1.040 0.545-1.984 .906

Frail 2.653 0.929-7.580 .069
CAD .352

Non-Frail Ref.

Pre-Frail 0.754 0.430-1.323 325

Frail 1.269 0.563-2.859 .565
CVD 212

Non-Frail Ref.

Pre-Frail 1.442 0.817-2.546 207

Frail 1.946 0.885-4.280 .098
PAD .708

Non-Frail Ref.

Pre-Frail 1.121 0.466-2.697 799

Frail 1.615 0.510-5.114 415
DPN 461

Non-Frail Ref.

Pre-Frail 1.191 0.670-2.116 551

Frail 0.737 0.334-1.627 451
ADL disability <.001"

Non-Frail Ref.

Pre-Frail 2.323 1.209-4.463 ol

Frail 9.367 4.030-21.775 <.001"

Ref. = reference; DN = diabetic nephropathy; DR = diabetic
retinopathy; CAD = coronary artery disease; CVD = cerebrovascular
disease; PAD = peripheral arterial disease; DPN = diabetic peripheral
neuropathy; ADL = activities of daily living.

*Statistically significant (P <<.05).

To the best of our knowledge, the association between
the LFI and adverse outcomes in older patients with T2DM
has not been evaluated in previous studies. This is the first
study to evaluate the relationship between LFI and adverse
outcomes in older patients with T2DM. In the present
study, we demonstrated that the prevalence of frailty mea-
sured using the LFI was 17.8% in older patients with
T2DM. The proportion of frailty was lower than that
reported by Ellis et al .!> because the average patient age in
their study was 84.8 years, which is much higher than the
median age of patients in this study (72years). Several

studies have shown that the LFI can predict mortality.>**

In contrast, Blodgett et al . found that the LFI and mortality
did not show a significant association in 20 to 39 years old
patients.3? Therefore, the LFI may have a different role in
predicting death among varying age groups.

The present study showed that the LFI was a useful
screening method to predict adverse outcomes, including
microangiopathy complications and ADL disability in
patients with T2DM. It is unclear how laboratory tests fit into
major and minor deficits. Deficits in clinical health result
from unrepaired and unremoved insults that accumulate over
time and cause widespread time-dependent damage at the
cellular, tissue, and organ levels. According to this concept,
deficits at the cellular or molecular levels eventually lead to
dysfunction at the macroscopic organ level.**7 Consequently,
frailty can be viewed as a dynamic process that originates at
the subcellular level and affects tissues, organs, and ulti-
mately the overall organism function.3>7 It was recently pro-
posed that, in general, this process reflects the accumulation
of damage, both unrepaired and unremoved, and could be
modeled at a systemic level.® A higher level of frailty
increases the risk of adverse frailty outcomes such as hospi-
talization and mortality.>® Our group was motivated to pur-
sue further investigations based on these ideas.

There is evidence that treatment can slow or reverse
frailty progression and help minimize potential health conse-
quences.***! Management strategies for diabetes in older
adults with a long life expectancy are similar to those in
younger individuals. However, individuals who are frail are
unlikely to benefit from such strategies.® First, the target
should be less stringent control (HbAlc = 8.0%-8.5%) for
frail older adults with increased susceptibility to hypoglyce-
mia or at a high risk of hypoglycemia.*>* Second, multicom-
ponent exercise interventions, including aerobic activity and
resistance training, have proven to be the best strategies for
reducing the risk of frailty and seem to be the most effective
strategies for improving balance, gait, and strength, as well
as preventing older individuals from falling and helping
them maintain their functional abilities.** Exercise should be
encouraged for all older adults who can safely engage in
such activities.*> Third, malnutrition is a major problem in
older people, and restrictive diets have not been proven to be
beneficial for this population.**¢ Therefore, older adults
should consume optimal nutrition and protein.*> We suggest
that older individuals with diabetes and frailty should con-
sume diets rich in protein and energy to prevent malnutrition
and weight loss.*” These proposed measures may prevent
adverse outcomes in older patients with T2DM and reduce
the burden on both individual expenditures and national
health systems to a great degree, in view of the high preva-
lence of frailty among Chinese adults over the age of 65.

Inpatients with diabetes should undergo routine frailty
assessment to adjust therapy, monitor hypoglycemia, and
determine hospital outcome. Subsequent research endeavors
pertaining to older inpatients with diabetes could include an



INQUIRY

examination of the effects of inpatient interventions on indi-
viduals with diabetes exhibiting diverse levels of frailty,
including the utilization of distinct categories of diabetes
medications and the implementation of standardized insulin
orders. There is insufficient knowledge regarding the effects
of different blood glucose targets in frail older adults in both
inpatient and outpatient settings. Further investigations are
necessary to determine appropriate and safe targets that
effectively mitigate the progression of symptoms and com-
plications, while ensuring patient safety.

This study had several limitations. First, this was a single-
center study; therefore, bias within the population may be inev-
itable. However, we collaborated with other centers and further
studies are ongoing to confirm the conclusions of this investi-
gation. In future studies, we will examine the effect of different
classes of diabetes medications and standardized insulin orders
on older patients with diabetes and varying levels of frailty.
Second, this study did not include long-term outcomes, which
may have limited its conclusions. We are currently collecting
long-term follow-up data to explore whether LFI affects the
survival and quality of life in older patients with T2DM.

Conclusion

Our study assessed the prevalence of frailty among older
individuals with T2DM according to the LFI. Frailty was
proven to be an independent risk factor for diabetic microan-
giopathy complications and ADL disability, suggesting that
clinicians can use the LFI to determine whether participants
are prefrail or frail. In this regard, frail individuals require
multidimensional preventive interventions to mitigate the
development of frailty.
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