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Abstract

Purpose of Review A patient’s prognosis and risk of adverse drug effects are important considerations for individualizing care of
older patients with diabetes. This review summarizes the evidence for risk assessment and proposes approaches for clinicians in
the context of current clinical guidelines.

Recent Findings Diabetes guidelines vary in their recommendations for how life expectancy should be estimated and used to
inform the selection of glycemic targets. Readily available prognostic tools may improve estimation of life expectancy but require
validation among patients with diabetes. Treatment decisions based on prognosis are difficult for clinicians to communicate and
for patients to understand. Determining hypoglycemia risk involves assessing major risk factors; models to synthesize these
factors have been developed.

Summary Applying risk assessment to individualize diabetes care is complex and currently relies heavily on clinician judgment.
More research is need to validate structured approaches to risk assessment and determine how to incorporate them into patient-

centered diabetes care.

Keywords Aged - Aging - Diabetes mellitus - Risk assessment - Prognosis - Hypoglycemia

Introduction

Guidelines for the care of diabetes in older patients increas-
ingly emphasize individualization: weighing the benefits and
harms of treatment decisions based on a patient’s individual
needs and preferences [1ee, 2¢e, 3o 4, 5, 6ee, 7e¢]. The two
major decisions to be individualized are the selection of a
glycemic control target and the choice of specific diabetes
medications to achieve that target [1ee, 2¢e, 3o, 4, 5 6o,
7+°]. To make these decisions, guidelines universally call for
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assessing a patient’s health status and future risks [1ee, 2¢¢, 3¢,
4,5, 6°¢, 7¢]. A patient’s life expectancy and risk of develop-
ing adverse effects from diabetes treatment are considered key
factors in selecting a glycemic target [1ee, 2¢e, 3ee, 4, 5, Goe,
7+¢], and risk of adverse drug effects, especially hypoglyce-
mia, is critical for choosing between classes of diabetes med-
ications [1ee, 20, 30, 4, 5 Gee, Tee].

Therefore, in diabetes care, there is the necessity for risk
assessment: the process of determining a patient’s prognosis
or chance of developing future health outcomes [8]. This may
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be achieved through clinical judgment, qualitative assessment
of risk factors, or prediction using mathematical models. The
process is especially important for diabetes care in older pa-
tients who are heterogeneous in terms of health and functional
status which are predictors of remaining lifespan and can af-
fect the expected benefits of glycemic control [9—14]. This is
critical to consider because the time horizon for diabetes treat-
ment benefit may fall within or outside the remaining lifespan
of an individual [15, 16]. Compared with younger patients,
older patients are also more susceptible to adverse drug effects
such as hypoglycemia, highlighting the importance of consid-
ering medication harms [17-19].

Despite the importance of risk assessment in diabetes treat-
ment decisions for older patients, there is little guidance for
how this should be accomplished in practice and communi-
cated to patients. This review provides an overview of the
evidence for risk assessment among older patients with diabe-
tes and discusses approaches to applying risk assessment in
the context of major clinical guidelines. We also discuss chal-
lenges in performing and applying diabetes risk assessment
and propose areas for future study. This review is targeted to
clinicians treating older patients with type 2 diabetes, especial-
ly in ambulatory and long-term care settings.

Risk Assessment in Diabetes Clinical
Guidelines

Diabetes guidelines for older patients incorporate risk assess-
ment in two ways [1ee, 2¢e, 3ee 4 5 Gee 7ee]. First, they
include assessment of a patient’s life expectancy because the

benefits of stringent glycemic control on major clinical out-
comes take time to accrue. Second, guidelines include assess-
ment of risk of adverse drug effects, especially hypoglycemia,
which can occur immediately and can nullify future benefits
of stringent glycemic control [20-22]. Guidelines use the con-
cept of life expectancy to set individualized glycemic targets
with varying levels of specificity (Table 1). Guidelines from
the American Geriatrics Society refer to patients with “limited
life expectancy” while guidelines from the American Diabetes
Association (ADA) group patients into categories of long,
intermediate, and short life expectancy [1ee, 3, 4].
Guidelines from the Endocrine Society use a patient’s
health status (good, intermediate, or poor) as a proxy for
life expectancy [7¢¢, 23]. In contrast, guidelines from the
Department of Veterans Affairs group patients according
to years of remaining life: 10—-15 years or <5 years [6°°].
None of these guidelines specify how life expectancy
should be estimated. Guidelines are consistent in their
recommended hemoglobin Alc (HbAlc) target for pa-
tients with the shortest life expectancy: either 8.0-9.0%
or <8.5% (Table 1) [1ee, 3ee, 4, 6o, Too].

There is consensus among guidelines that a patient’s risk of
hypoglycemia should be assessed routinely and used to guide
care, though how that assessment should occur is largely not
specified [1ee, 2ee, 3ee 4, 5, Gee, Toe, 24¢¢] A systematic re-
view published in 2010 found that major risk factors for hy-
poglycemia are rarely mentioned in diabetes guidelines or
quality metrics [25]. The ADA added a table of risk factors
for hypoglycemia in its 2019 standards of care, though they do
not state the relative weight of these risk factors or how they
should inform decision making [24e].

Table 1 Summary of risk assessment in diabetes guidelines for older patients around individualizing glycemic targets
Guidelines Life expectancy description Corresponding Consideration of adverse drug effects
HbAc targets
American Geriatrics Society [4] * Limited life expectancy * 8.0-9.0% No explicit recommendation
Department of Veterans Affairs [6] * 1015 years * <7.0% Consider risk of adverse drug effects when
* <5 years * 8.0-9.0% selecting HbAlc target®
American Diabetes * Long life expectancy *<7.5% Consider risk factors for hypoglycemia and other
Association [1, 3] * Intermediate life * <8.0% adverse drug effects when selecting HbA 1¢ target®
expectancy
« Short life expectancy *<8.5%
European Diabetes Working Party for No explicit No explicit Choose higher HbA ¢ target in those with high risk
Older People [5] recommendation recommendation of hypoglycemia®
Endocrine Society [7] Use Blaum framework® to For insulin, sulfonylurea, or meglitinide users,
determine: HbAc targets are:
* Good health *<7.5% *>7.0% and <7.5%
* Intermediate health * <8.0% *>7.5% and < 8.0%
* Poor health * <8.5% *>8.0% and < 8.5%

 Instructions to determine risk of adverse drug effects are not given

® Incorporates comorbidities, functional impairments, and activities of daily living dependencies to estimate health status in three categories (good,
intermediate, poor) intended to correspond to increasing mortality risk [23]
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An important consideration that forms the basis of these
guidelines is the amount of time necessary to accrue benefits
from stringent glycemic control. Evidence for the timing of
microvascular and macrovascular benefits comes primarily
from the United Kingdom Prospective Diabetes Study
(UKPDS) 34 [26, 27] and subsequent trials of tight glycemic
control: Action to Control Cardiovascular Risk in Diabetes
(ACCORD), Action in Diabetes and Vascular Disease
(ADVANCE), and the Veterans Affairs Diabetes Trial
(VADT) [28-32]. UKPDS enrolled adults aged 25 to 65 years
with newly diagnosed type 2 diabetes between 1977 and 1991
who were randomized to conventional treatment (only starting
medications for marked hyperglycemia or symptoms) versus
intensive treatment (initial treatment with a sulfonylurea, in-
sulin, or metformin in overweight patients) [26]. Over 10 years
of follow-up, the intensive arm achieved a median HbAlc of
7.0% versus 7.9% in the conventional arm, though HbAlc
rose substantially in both groups [26]. There was a 25% rela-
tive risk reduction in microvascular outcomes in the interven-
tion arm, predominantly nephropathy, with a significant effect
not observed until 9 years [26]. During 10 years of additional
follow-up, the intervention was associated with a significant
15% relative risk reduction in myocardial infarction and 13%
reduction in mortality, especially in those who received met-
formin [27]. The ADVANCE trial randomized middle-aged
and older patients (mean age 66 years) with established type
2 diabetes to tight versus standard glycemic control, achieving
amedian HbA1c of 6.5% versus 7.5% over 5 years. The main
findings were a significant 21% relative risk reduction in ne-
phropathy with Kaplan-Meier curves appearing to separate
after 2 years [29, 30]. VADT included veterans with type 2
diabetes and achieved a median HbA lc of 6.9% versus 8.4%
over 5.6 years; there were no significant benefits of tight con-
trol during the intervention period, but a significant 17% rel-
ative risk reduction in cardiovascular events was found after
an additional 5 years of post-trial follow-up, with no signifi-
cant effect on mortality [31, 32]. The ACCORD trial was
stopped after a median follow-up of 3.5 years due to increased
all-cause mortality in the intervention arm [28]. Collectively,
these findings suggest that cardiovascular benefits of stringent
glycemic control become most relevant after a decade and
microvascular benefits appear sooner. These findings may
not be representative of older patients with functional impair-
ments or severe comorbid illness who are often excluded from
clinical trials of diabetes treatment [33, 34e¢]. A simulated
clinical trial of tight versus standard glycemic control in older
patients of varying health status found that the benefits of tight
glycemic control become minimal with life expectancy
shorter than 5 years [14].

Recent trials of GLP-1 receptor agonists and SGLT-2 in-
hibitors suggest that cardiovascular benefits of diabetes treat-
ment are achievable in short timeframes [35¢e, 36, 37¢e,
38ee]. Trials testing the cardiovascular effects of GLP-1

receptor agonists or SGLT-2 inhibitors against placebo found
significant reductions in cardiovascular outcomes after a me-
dian follow-up of 2.1 to 3.8 years [35¢e, 36¢°, 37¢¢, 38ee].
These trials examined specific medications rather than glyce-
mic targets, so the impact of the use of these medications on
the timing of benefits of pursuing stringent glycemic control is
not clear. However, it is important to acknowledge that the
time to benefit of these medications is short, similar to that
found with the addition of a statin [39], and that patients with
life expectancies as short as 5 years could potentially benefit
from the addition of these agents.

Assessing Life Expectancy

To estimate long-term prognosis, several approaches are avail-
able which could be used in conjunction: clinical experience,
life tables, and tools to estimate prognosis [15, 16, 40]. Use of
multiple approaches may be needed because clinicians’ sub-
jective estimate of life expectancy is often not accurate
[41-47]. Life tables, such as those available from the
Centers for Disease Control and Prevention (CDC), provide
the average life expectancy for patients of a specific age
group, gender, and race/ethnicity [48]. Prognostic tools, also
called prognostic indices or calculators, use a patient’s clinical
features to predict life expectancy or risk of mortality within a
certain timeframe [49-51]. Based on a limited number of
studies of clinician decision making, it seems that prognostic
tools are rarely used; in a qualitative study of 28 primary care
providers in a large group practice, none routinely used prog-
nostic tools to assess life expectancy [52¢]. Among older pa-
tients with diabetes, data suggest that prognostic tools com-
plement a clinician’s estimate of prognosis. In a study of 447
older patients with diabetes, estimated 5-year mortality by
both their physician and a mortality prediction model had
similar, modest accuracy; accuracy improved when using the
model and physician estimate together [53¢]. Therefore, the
best estimate of prognosis among older patients with diabetes
may incorporate both subjective and quantitative methods.
There are a number of validated prognostic tools which
may be useful to predict life expectancy among older patients
with diabetes in clinical practice; these tools vary in their
target population and timeframe for prediction (Table 2)
[49-51]. The Lee Index and Schonberg Index may be most
relevant for diabetes care in ambulatory practice because the
underlying models were developed among community-
dwelling older patients and can be used to estimate mortality
for up to 10 or 14 years, respectively [58—60]. The Lee Index
was validated in a sample of the US-based Health and
Retirement Study in which there was a 16% prevalence of
diabetes, and the English Longitudinal Study on Ageing
which had an 8% diabetes prevalence [58-60]. The
Schonberg Index was validated in samples of the US

@ Springer



Curr Diab Rep (2019) 19: 59

59 Page 4 of 13

L9°0

(payodar jou DA )
SL°0:Dd

9L0

SL°0 AN[epow 104G T DA

payodar jou :DA
%61 DA

payodar JoN

%¢E1 HoYoo [Ing

(2007) B1ep SN VSN 2w
Ul BNUSWISP PIOUBAPE
)M SJUSPISAT dIed WLI)-SUo] ;D
oduwes wopuex
oreredas © Inq ‘owes A
(6661) ©1ep
SCIA ‘LNOSSIJA] UI SJUOPISAI 2I8d
u)-3uoj jo ojdwes wopuer :HJ
ordures wopuer
oreredas © Inq ‘owes DA
(€10T+000)
HIVHS (0102-0002)
H4VS (T102-€002)
SVHIA (€102-7007) VSTd
(010T-8661)
SYH Jo opdwes wopuer :D

(¥00T-1002) SIHN T# DA
odwes wopuex

Ajieyow yuow-9

Areyow yuow-9

Ajnrepowr Jeok-( |

BNUOWIOP PIJUBADE
yIm s1edk g9 < pase
SJUOPISAI dIeD ULId)-3U0]

SONI[IOB] 2ILD ULId)-SUO[
ur SuIpisa synpe 19p|0

samunod gurdofoAap

pue padojoasp ur

s1eak ()9 < pade s)npe
Suromp-Aununuo))

[89 “29]
LdAAV/Xpu] [[PYMN

[99 ‘59] xopuy oo

[#9] xopur ojowrang

L0 Knpenow k-4 ‘T# DA %81 T# DA ojeredos € nq ‘owes :[# DA
SL°0 Apepour 1eak-6 “[# DA %91 :T# DA (000T—L661) s1eak 69 < pade synpe [€9-19]
GL°0 Aneyows 1edk-G ‘[# DA %S1 :0d SIHN Jo o[dwes wopuer :DJ Ajepowr Jedk-4 pue -6 -G Suremp-Aunuo)) Xapu] S19quoypg
08°0 Aenow 1eak-g ‘74 DA (#000) VSTH ‘T#OA
€8°0 Apeiow 1eA-01 “T# DA %8 T DA UOIZaI WIOWINOS Jng ‘DUIeS ([# DA
8.°0 Afeyows 1edk-g ‘[# DA %91 1# DA (8661) Suor3ar [enuad Koueyoadxo oJ1] uerpowr sIBdK ()G < pade s)npe
78°0 Aneyows 1eok-f ‘[# DA %1 DA pue ‘uId)som ‘uIIsed SYH :0d ‘Areniowt 1edK-(] pue ‘-§ - Suromp-Aununuo)) [09-8¢] xopuy 007
VS uwoises
PUE UISOMPIW INq ‘OUWLS (DA
(9661-8861) "S'N uIAsaMm :[9¢]
BLT DA HOVd ut pajjoiud s1edA 69 < page sinpe [Ls]
69°0 %€ :0d synpe 9[qI1[e dwoy-Jusinu D Ayreyowr 1eak-¢ Suromp-Arunuuod ‘rely Xopu[ Jedx ¢ Aare)
uoISal WOYINOS nq ‘OWeS ‘A
[¥s] (c661) VSN
[e1USD pUE ‘UI)SIM
UI9)SED ‘s)npe 1op[o Jurmp
%H1 DA -Arunuiuod Jo Apnjs Joyod sIeaA ()L < pade synpe
L0 %€l :d Teuoneu e ur syuedionied :Hq Anreyow reok-g Suromp-Aununuo)) [9g] xopuy 1e0A 7 Aore)
(£007) Aei‘20uorof]
jseaynos ur syuaned areo Arewnd (A
(£007) Arey] ‘oouaiof SIBOA G9 < pade synpe
SL0 paytodar JoN jsamiprou ur syuaned ares Arewnid D Ayepiowr Jeok-| Suromp-Arununuo) [ss] xopuy erSezzen
(004002
S}JOUQQ QUWIOOUI-MO] SUIAII0AT AOSIOf
MIN UI SOLIBIONJUSq QILJIPAN (DA
(S00ZT+007) S1yauaq
payodar jou :DA QUIOOUI-MO] SUIAIOOAI BIUBAJASUUDJ QUIOOUT MO] UM
6L°0 %y DA Ul SOLIBIONAURQ AIeJIPIN : D Ajreyows Jeok-| SIBAA G9 < paSe synpy [#6] xopuy suSen
s[00} onsoudoid
(onsnels-o) uoneprfeA

110105 UonepI[eA
Ul UOIBUTWILIOSI(]

pue juowido]oAdp ur
doudreaard sojqerq

(DA) HoYoo uonepIfeA pue ()

110409 JuawdO[oAdP JO SONSLIBJORIRY)

awonO

uonerndod jo8re],

Xopu|

SONIIOR} 2180 WLIR)-3UO0[ Ul SUIPISAI JO JUI[[omp- AIunuuod 1e oym syuaned 1opjo Suowe ysu eruadA[30dAy 10 sisougord jewms? 0} S|00) JO SonsLoeIRy) g d|qel

pringer

Qs



Page 50f 13 59

Curr Diab Rep (2019) 19: 59

(@I0DDV) Sa1eqeI( Ul ST 1L[NOSLACIPIED) [01U0D) 0} uondy (J1dg ) Hoyo) ASojorwopidy s90qel( UOHENSIUIWPY SUBIdA (1dAAV) [00L
J1SouS0Id BIUWR(] PAIURAPY (SN 128 Bre wnwiruiy ‘(Y VHS) 2doiy ur juswaimay pue Surody ‘Weaq uo A2AIng (gVS) ApmS Suidy pue Surag-[lop ‘YieaH ojned oes ‘(SYHIA) ApmS Suidy
PUE [eaH ULOTXON (VS TH) Sutedy uo Apmyg [eurpniSuo ysisu (SYH) ApriS JUowoImay pue yeaH ‘(STHN) AoAINS MAIAISI] YI[edH [EUONEN ‘(HOVd) A[IOPIH O} 10§ A1) SAISN[OUL-[[Y JO WeISold

8L°0

¥8°0 “T# DA
€8°0 - 1# DA
:9]qeLBA-9 |
08°0 “T# DA
080 -1# DA

:9]qBLIBA-9

6L°0 “TH DA
18°0 “T# DA

CTL'0 “T# DA
1L°0 “T# DA

PaOpN[oUI A1oM SJOqRIP T

adK yum syuaned AluQ

(sa1aqerp 7 odA) arom
%56 ~) papnout a1om

sojeqeIp ynm syuaned Ajup

papnour a1om sdjeqerp
7 2dKy yim syuaned A[up

%YT T DA
%BIT 1# DA
%0T -OA

PDbTT DN
Pb1T DA

3SLI IB[NOSEAOIPIED
431y 10 9seasip
IB[NOSBAOIPIED PUE SOJOGRIP
7 2dKy yim synpe
‘syuedioned e Y000V
Jo (uoneprfeA p[ojoAl)
sojdures wopuer :DA pue D
BJOSOUUIA ‘SIJodBOUUI]A] UT WA)SAS
P[eay SIULRJUIBIH Ul Sa19qRIp
Ui sympe g4 DA
JSOMULION] JUSUBULIDJ
1oSTe3] UL SoqeIp IM SYNPe *[# DA
(ST0T-L00T) OPIO[0D) dudUBULId]
JOSIRY] Ul SAJRQRIP UM S)npe D)
]S Jurysepy
ur WJsAs ey e
‘aaneradoo)) yiesH dnoin :z# DA
odures eruiSnA ‘Odaq 1# DA
(¥107) BrUIOJI[E)) WIdYLION
AUAUBULIDJ JOSTR]
ur sajeqelp g 2dA) yum synpe ;D

(L00T) HMOSSIIA ut Ayiroey
QIed WLILY-3UO[ © 17# DA
L661 I2quaoa
01 L661 “UOTRIN INQ “dWIES [# DA
(L661 YoTRIN 01 1661 dunf)
©JEp SAIN ‘918l JOX MIN
ur (1804 1 ISe9 I8 10)
SJUSPISAI AIBD ULR)-3UO[ :D(
L661 12qudag
0] 9661 IOqUIId(] INg ‘DS DA
(9661 “10quadeQq
0) 661 ‘dun() eyep SAIN “els
JIOX MIN UI SJUSPIST dILD
wI2}-3U0] paprupe A[mau D
(6002-L007)
VIA ‘uojsog Iedu sowoy Suisinu g
Ul BUSWIOP PAJUBAPE
)M SJUSPISAI 1D WiId}-SUO] (DA

erodA[SodAy
QI0A3S JO YSUI 1BIA-G

BIR0A[30dAY
10J uonezInn
[endsoy Jo YySu yuow-9

soL1030180

¢ u eruadA[SodAy

10J uoneZINN
[endsoy Jo ysur Jeak-|

Aypeyiowr 1eok-|

Ajreyowr Jeok-|

S9J0qRIP
7 2d4) yya synpe
Suromp-Arununuo))

sojoqeIp 7 2dKy
10 1 2d£y Y NPy

S3)OQEIp
7 2dKy ynm synpy

SIBOA G9 < paSe
(1eok | 3s89] I8 10})
SJUOPISAI 1B ULI)-FU0T

SIBOA G9 < paSe
SJUOPISAI QIBD UL}
-3uo] papwupe A[MaN

[¥L] 1opowr moy)

[£] 1opow 1opaoxgog

[zL “1L] 1opow 1oyey]
$]00} YSLI BIUOA[S0dAH

(0L “69] xopuy pastacy
Keyg SuoT 10308[ ]

[69] xopuy pasiaay
PaNIUpPY A[MIN Joyde[]

(onsne1s-o)
110105 UolepI[eA
Ul UOIBUTWILIOSI(]

uonepIeA
pue juowdojoasp ur
douoeadrd sajeqer

(DA) moyoo uonepifea pue (OQ)
110709 JuAWdO[IAdP JO SONSLIRJORILYD)

uWodNNQ

uone[ndod ja31e],

Xopuj

(ponunuoo) -z dJqeL

pringer

Qs



59 Page 6 of 13

Curr Diab Rep (2019) 19: 59

National Health Interview Survey with a diabetes prevalence
of 16 to 18% [61, 62, 63¢]. Both tools have good discrimina-
tion in their validation samples and are well calibrated across
risk levels [58, 59¢¢, 6062, 63+]. Although these tools have
not been validated among populations exclusively comprised
of patients with diabetes, we suspect they will be accurate
because of their good performance in large, diverse samples
of older patients. The Suemoto Index was developed to esti-
mate 10-year mortality among older patients including those
residing in developing countries and has good internal valid-
ity, but has not been externally validated [64¢¢]. There are two
prognostic tools for older adults residing in long-term care
facilities which have been validated in populations with a high
diabetes prevalence, though they only estimate mortality for
up to 1 year [69, 70].

Statistical models for predicting mortality and other out-
comes among patients with diabetes have been developed,
but these are primarily used for research and policy purposes
[75, 76]. Attempts have been made to develop clinical tools
based on these models, notably the Diabetes PHD tool which
is no longer available [77-81]. Diabetes PHD, which was
based on the Archimedes model [77-79], was known for pro-
ducing different outcome predictions from one simulation to
the next, despite entry of identical variable information for an
individual patient [80, 81].

To incorporate life expectancy into clinical diabetes care,
we advocate an approach (Fig. 1) based on the recommenda-
tions of the American Geriatrics Society for the care of older
patients with multiple chronic conditions [16, 40]. This ap-
proach aligns a patient’s life expectancy with the expected
time to benefit from treatment, grouping each into three cate-
gories: short-term (< 1 year), mid-term (1-5 years), and long-
term (> 5 years) [16, 40]. As discussed above, the benefits of
stringent glycemic control on cardiovascular outcomes are
most relevant long-term [26-32]. Microvascular benefits are
relevant mid-term [26-32]. Symptomatic hyperglycemia is
relevant for all timeframes because treatment should be esca-
lated if this occurs [1ee, 2¢¢, 3¢, 4, 5, 6e¢, 7+¢]. To estimate life

expectancy, we advise starting by determining the average life
expectancy for the patient’s age and gender using life tables
available from the CDC (https://www.cdc.gov/nchs/products/
life tables.htm) [48]. While patients with diabetes are at
greater risk of mortality than the general population, the
difference is small for patients aged 75 years or older; thus,
general life tables present a reasonable starting point [82, 83].
Information from life tables should be modified by an
understanding of the patient’s overall health, especially the
presence of poor functional status or end-stage conditions af-
fecting major organ systems which may suggest a high short-
term mortality [16, 40]. Use of an appropriate prognostic tool
(Table 2) should be considered to complement and refine
physician-estimated life expectancy; these tools can be
accessed online using the ePrognosis website supported by
the Division of Geriatrics at the University of California San
Francisco (https://eprognosis.ucsf.edu) [51]. The patient’s
estimated prognosis should inform discussions about their
treatment goals and preferences, acknowledging that there is
substantial uncertainty in estimating life expectancy, and it is
only one of several factors that should contribute to diabetes
treatment decisions. While there is much variation in patient
preference for receiving prognostic information, framing the
discussion in terms of weighing the benefits and harms of
treatment may be more effective than as a decision based on
life expectancy [84-86]. The ePrognosis website also includes
examples of how to incorporate prognosis into diabetes
treatment discussions [51].

Assessing Risk for Hypoglycemia

Hypoglycemia is the most common serious adverse effect of
diabetes medications, and is responsible for approximately
25% of emergency hospitalizations for adverse drug events
among older patients [19]. Prevention of hypoglycemia is es-
pecially important for older patients in whom hypoglycemia is
associated with high rates of vascular events, falls, cognitive

Step 1. Estimate life expectancy
« Review life tables by age and sex:
https://www.cdc.gov/nchs/products/life_tables.htm

« Consider functional and cognitive limitations Time to benefit

Step 2. Consider potential benefits of
glycemic control within life expectancy

Step 3. Select a glycemic target
through shared decision making

.
> [ ]

« Consider geriatric syndromes and conditions

https://eprognosis.ucsf.edu/
Life expectancy

hyperglycemia

affecting major organ systems Short-term Mid-term Long-term
: . (<1 year) (1-5 years) (>5 years)
« Apply an appropriate prognostic tool:
*Symptomatic * Symptomatic + Symptomatic

hyperglycemia

*Microvascular
outcomes

hyperglycemia

AL + Assess patient goals and values
outcomes
« Assess patient and caregiver preferences for

+Macrovascular . . .
discussing prognosis

outcomes

Mid-term
(1-5 years)

Short-term Long-term

(<1 year) (>5 years)

« Consider harms of therapy, hypoglycemia, and
other patient factors for individualized targets

« Frame decisions in terms of weighing benefits
and harms

Fig. 1 Approach to applying life expectancy to individualized glycemic targets
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impairment, and mortality, and a lower quality of life [8§7-93,
94e¢¢]. In ACCORD and ADVANCE, tight compared with
standard glycemic control caused a significant 80-90% rela-
tive risk increase of severe hypoglycemic events, though ob-
servational studies indicate that severe hypoglycemia can oc-
cur at any HbA lc level [22, 28, 30, 93]. Analyses of the cost-
effectiveness of diabetes treatment have found that the bene-
fits of more stringent glycemic control are often outweighed
by increased rates of hypoglycemia [20, 21].

Little is known about how clinicians are currently assessing
hypoglycemia in clinical practice, though existing data sug-
gest that a patient’s risk for hypoglycemia is often under-
recognized [95-97]. In a recent survey, Veterans Affairs clini-
cians were presented with the clinical scenario of an older
patient at high risk for hypoglycemia and 45% of clinicians
stated they would not worry about the harms of tight glycemic
control in this patient [95]. This lack of recognition of hypo-
glycemia risk may stem from the need for more training for
clinicians in hypoglycemia assessment, or further clarity in
diabetes guidelines for how to apply hypoglycemia risk to
treatment decisions.

Recently, three risk prediction tools have been devel-
oped to estimate hypoglycemia risk on the basis of clinical
features among outpatients with type 2 diabetes (Table 2)
[71ee, 72¢, T3¢, 74e]. The tools developed by Karter et al.
[71ee, 72¢] and Schroeder et al. [74¢¢] are intended to be
used with electronic medical record or claims data for pop-
ulation health management strategies. The Karter et al. tool
estimates 1-year risk of hypoglycemia-related hospital uti-
lization in three risk categories. Inputs are number of all-
cause and hypoglycemia-related hospital utilizations, age,
chronic kidney disease stage, and use of insulin or a sulfo-
nylurea. The tool was developed among patients with type
2 diabetes with a mean age of 64 years in the Kaiser
Permanente system and externally validated in two popu-
lations. Its main limitation is that the patient’s number of
prior hospitalizations for hypoglycemia must be known,
which may not be easy to ascertain. The Schroeder et al.
tool [74e¢], which predicts 6-month risk of hospital utiliza-
tion for hypoglycemia, included patients with both type 1
and type 2 diabetes in development and validation.
Versions were developed using either six or 16 input vari-
ables, with both versions having good discrimination in
external validation. This tool requires users to enter inputs
into a regression equation and has not been validated
among populations with only type 2 diabetes. A tool by
Chow et al. [73+¢], which was developed using data from
the ACCORD trial, is intended for use during clinical en-
counters. The outcome was 5-year risk of self-reported
severe hypoglycemia (hypoglycemia requiring assistance
from another person). Model inputs are 13 clinically mea-
sured variables including demographics, clinical character-
istics, and laboratory values. Limitations of this model

include that it has not been externally validated, and its
large set of inputs may be time consuming for clinicians
to use.

To perform hypoglycemia risk assessment in the clinical
setting, in the absence of an accessible, externally validated
tool, we advocate an approach of assessing key risk factors,
focusing on those factors that consistently impart the greatest
hypoglycemia risk for older patients [24ee, 71ee, 72¢, 73¢¢ 98,
99]. While all diabetes medications can cause hypoglycemia
[34¢], patients most at risk are those using insulin, sulfonyl-
ureas, or meglitinides, but especially insulin which imparts a
2-to 3-fold risk for severe hypoglycemia compared with other
diabetes medications [73, 100, 101]. Diabetes medications
on the Beers criteria list, a list of potentially inappropriate
medications for older adults, should be given special attention:
sliding scale insulin and long-acting sulfonylureas (glyburide
and chlorpropamide) [102]. A history of hypoglycemia is con-
sistently one of the strongest risk factors for future hypogly-
cemia, with a history of recent or severe hypoglycemia
imparting a particularly high risk of recurrence [71ee, 72,
73ee, 74¢¢]. In addition, the risk of hypoglycemia increases
incrementally with age and diabetes duration; other high-risk
subgroups are patients with kidney disease, racial/ethnic mi-
norities, and those with lower socioeconomic status [24ee,
T1ee, 72¢, 73ee 98, 99]. Lastly, clinicians should consider
high-risk states for adverse drug events in older patients that
are not well captured in risk models, in particular recent tran-
sitions of care or medication changes, and the presence of
cognitive impairment, functional impairment, or
polypharmacy [17, 103].

Challenges in Applying Risk Assessment

The substantial challenges of utilizing prognosis to individ-
ualize glycemic targets are reflected in diabetes treatment
patterns. Counter to guidelines, tight glycemic control is
common among older patients with limited life expectancy
and a greater severity of comorbid illness is associated with
more stringent glycemic control [104—107]. This transla-
tion gap may be due to barriers in estimating life expectan-
cy, difficulty applying life expectancy estimates to treat-
ment decisions, or difficulty communicating these issues
with patients. Beyond the difficulties in estimating life ex-
pectancy, a clinician must then weigh that estimate against
as many as six other factors to determine a glycemic target
without an indication of their relative importance [1e°].
Further, clinicians often find it challenging to communicate
treatment decisions to patients in terms of prognosis, stem-
ming from its inherent uncertainty and concerns about the
patient’s reaction [52¢, 108]. In qualitative studies, clini-
cians report concerns that patients will think they are
abandoning them, or that estimating prognosis will take
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away hope [52¢, 108]. Patients and their caregivers have
varying preferences for how prognosis should be discussed,
and the information they receive often does not align with
their preferences [86, 109]. One national survey of older
adults found that most respondents did not wish to discuss
long-term life expectancy until the last 1-2 years of life
[110e]. This may be a gap in clinician knowledge as guide-
lines and training in communicating prognosis often focus
on patients who are seriously ill, with little attention given
to addressing long-term prognosis for older patients with
stable health status [4, 15, 111].

Using life expectancy to individualize treatment may be a
difficult concept for patients to accept. The field of geriatric
diabetes may benefit from lessons learned from other areas of
medicine such as geriatric oncology where life expectancy has
been used to individualize cancer screening decisions. Similar
to glycemic control, cancer screening decisions are not opti-
mally individualized, with many older patients being over-
screened or ceasing screening when they may have benefited,
[112—-116]. In qualitative studies, older patients were amena-
ble to using their health status to inform screening decisions
but most did not perceive life expectancy as relevant [117ee,
118, 119]. Individualized cancer screening decisions were
more likely to occur when communicating the decision as a
shift in health priorities rather than life expectancy, and when
conversations occurred in the context of a trusting patient-
clinician relationship [117ee, 118, 119]. Overall, there is a need
for more research into how life expectancy, which is relevant
to many treatment decisions in the care older patients, can best
be communicated in the context of individualized treatment.

To provide individualized, guideline-concordant care for
older patients with limited life expectancy or high hypoglyce-
mia risk, it often becomes necessary to deintensify or
deprescribe diabetes treatment, which presents additional bar-
riers. The concept of treatment deintensification has been ab-
sent from many guidelines [120] but was recently added to the
ADA’s standards of care [3¢¢]. In practice, deintensification
occurs infrequently among older patients with tight glycemic
control [121e, 122, 123¢]. This may be due to barriers in how
clinicians and patients view deprescribing, and health system
factors such as diabetes quality metrics and lack of support for
deintensification [124—128]. The fact that there are substantial
rates of high-risk diabetes medication use and hypoglycemia
among patients on hospice attests to the difficulties in pulling
back diabetes treatment [129¢]. More research is needed to
promote appropriate deprescribing if diabetes risk assessment
is to be applied effectively.

Conclusions

Guidelines for diabetes care in older patients are clear that
clinicians should perform individualized risk assessment for
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a patient’s long-term mortality and risk of hypoglycemia when
considering glycemic targets and diabetes medication selec-
tion [1ee, 2¢e, 3ee 4 5 6ee, 7o¢]. While such an assessment
may seem intuitive to practicing clinicians, we lack an evi-
dence base to support this patient-centered approach. Our re-
view highlights four major gaps in this evidence: (1) how
assessment of life expectancy and hypoglycemia risk should
be accomplished; (2) how life expectancy and hypoglycemia
risk should then be synthesized with other factors affecting
diabetes treatment decisions; (3) effective ways to communi-
cate risk to patients; and (4) practical methods and tools for
implementing risk assessment and communication into rou-
tine clinical care.

Current evidence suggests that diabetes care is not
optimally individualized with respect to a patient’s life
expectancy [104—-107]. Risk prediction tools could com-
plement clinical judgment to provide a general estimate
to be considered in the context of the time needed to
benefit from glycemic control and the patient’s goals
and preferences. There is a need to validate existing tools
among older patients with diabetes specifically, including
the incorporation of the lengthening of life expectancy
due to improvements in health and health care [48].
Also, there remains substantial uncertainty in the time
necessary to accrue benefit from tight glycemic control
which may be clarified with well-conducted cohort stud-
ies and pragmatic interventions including diverse popula-
tions of older patients and newer classes of diabetes
medications.

There is a need to develop structured approaches to
assessing hypoglycemia risk, which is critical to the safety
of diabetes treatment in older patients. While several studies
have identified risk factors for hypoglycemia in older patients,
there is a lack of recent systematic reviews synthesizing these,
which would help to define their relative priorities [24ee, 71ee,
72se, 730, T4ee 98, 99]. Risk prediction tools for hypoglyce-
mia may be helpful in clinical practice, but there is a need to
simplify these tools and determine their validity and incre-
mental value compared with clinician judgment. In the mean-
time, diabetes guidelines should incorporate a tiered approach
to assessing hypoglycemia risk factors, with a focus on those
that impart the greatest risk.

Further research is needed to determine how risk assess-
ment, especially for a patient’s life expectancy and hypogly-
cemia risk, should be incorporated into patient-centered dia-
betes care in the context of other factors important to treatment
selection (e.g., comorbid conditions). Also, communicating
treatment decisions based on a patient’s long-term prognosis
remains a considerable challenge [52¢, 86, 108, 109]. More
studies are needed to understand how older patients perceive
prognosis in the context of diabetes treatment so that clinicians
can be trained to communicate these decisions more
effectively.
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Finally, for risk assessment to be incorporated into routine
diabetes care, it must be made accessible for use by clinicians
in busy practices. The widespread adoption of electronic
health records with increasing computing power may allow
health systems to incorporate decision support into clinical
operations so that these steps can be carried out with more
ease in the future. Attempts are being made to combine dia-
betes risk prediction models with decision support for patients
and clinicians, which show promise for helping to individual-
ize treatment decisions [130¢]. Ultimately, risk assessment is
critical to individualized diabetes treatment, yet also complex
and difficult to implement and integrate into care, making it
the ideal target for new and creative approaches to personal-
ized medicine.
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