6 SOMATO PUBLICATIONS ISSN: XXXX-XXXX

Archives of Diabetes

Review Article
HbA1c trend analysis in the Management of insulin resistance among

elderly patients with diabetes

Ryan F'*©, Fitzgerald F2oand Murphy N3

'Department of Diabetes and Endocrinology, Rhine Academy of Metabolic Disease, Wales
2Department of Diabetes and Endocrinology, Amazon Center for Metabolic Disease, Wales
3Division of Diabetes and Endocrinology, Amazon Center for Metabolic Disease, Wales

*Address for Correspondence: Fionn Ryan, Department of Diabetes and Endocrinology, Rhine Academy of
Metabolic Disease, Wales; E-mail: fionn.ryan@rhine.edu

Received: 5 November 2025; Accepted: 12 February 2026; Published: 17 May 2026.

Citation of this article: Ryan F, Fitzgerald F, Murphy N (2026) HbA1c trend analysis in the Management of insulin
resistance among elderly patients with diabetes. Arch Diabetes, 8(1): 01-06. DOI: 10.5281/zenodo.22812656

Copyright: © 2026 Fionn Ryan, et al. This is an open access article distributed under the Creative Commons
Aftribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

Abstract
Background: Glycated hemoglobin (HbAlc) is the principal marker used to titrate therapy in elderly patients with type 2 diabetes,
yet its trajectory reflects an age-specific mix of rising insulin resistance and declining insulin secretion that differs from younger

cohorts.

Objective: This review synthesizes evidence on HbAlc trend analysis as a tool for monitoring insulin resistance and guiding

individualized glycemic targets in older adults with diabetes.

Methods: We synthesized landmark randomized trials of intensive glycemic control, observational cohorts relating HbAlc

trajectory to mortality, and consensus guidelines on target individualization in geriatric diabetes care.

Findings: Large cohorts show a U-shaped relationship between HbAlc and mortality in older adults, while randomized evidence
from ACCORD, ADVANCE, and VADT shows intensive control lowers microvascular but not consistently macrovascular risk, and
can raise mortality in frail elderly subgroups. Age-related increases in insulin resistance combine with declining beta-cell reserve

to produce trend patterns that guideline bodies now use to stratify targets by functional status.

Conclusions: HbAlc trend analysis, interpreted alongside frailty and life-expectancy assessment rather than as an isolated

threshold, supports individualized insulin-resistance management and safer glycemic targets in elderly patients with diabetes.
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1. Introduction

Glycated hemoglobin has served as the anchor laboratory
value for type 2 diabetes management since the Diabetes
linked
lowering of HbAlc to a reduced risk of microvascular

Control and Complications Trial sustained
complications in insulin-treated patients [1], and since the
UK Prospective Diabetes Study extended a comparable
relationship to newly diagnosed type 2 diabetes [2,3]. In
elderly patients, however, the same laboratory value sits
inside a physiology that differs from the one those trials
were built around. Aging is associated with a progressive
rise in peripheral insulin resistance, driven by changes in
body composition, reduced skeletal muscle mass, visceral
adiposity, and mitochondrial function, layered onto a
separate, largely independent decline in pancreatic
beta-cell secretory reserve [4,5,6]. The result is that an
HbA1lc trajectory in a person in their eighties can reflect a
very different balance of insulin resistance and insulin
deficiency than the same trajectory in a person in their

forties, even when the numerical values are identical.

This distinction matters clinically because elderly patients
with diabetes are also the population in which the risks of
tight glycemic control are least favorably balanced against
its benefits. Multimorbidity, polypharmacy, reduced
hypoglycemia awareness, cognitive impairment, and
frailty are all more prevalent with advancing age, and each
the

aggressive HbAlc lowering [7,8,9]. Large cohort analyses

independently raises hazard associated with
have repeatedly found a U-shaped relationship between
HbA1lc and mortality in older adults with type 2 diabetes,
with elevated risk at both the low and high ends of the
distribution, a pattern rarely seen with comparable clarity
in younger cohorts [10]. Three major randomized trials of
intensive glycemic control published in the same era,
ACCORD, ADVANCE, and VADT, together clarified both
the ceiling and the hazard of pursuing near-normal HbAlc
targets in populations with longstanding diabetes and
cardiovascular risk factors typical of an aging cohort
[11,12,13].
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This review synthesizes what the endocrinology and
geriatric-medicine literature has established about HbAlc
trend analysis as a tool for characterizing insulin
resistance and guiding glycemic management in elderly
patients with diabetes: how the HbAlc trajectory relates to
the underlying balance of insulin resistance and secretory
failure with age, what the major trials and cohorts show
about the trend's relationship to outcomes, and how
guideline bodies now translate trend interpretation into
individualized targets stratified by functional status.

2. Methods

This is a narrative synthesis of the published literature on
HbAlc trajectory, insulin resistance, and glycemic target
individualization in older adults with diabetes. We drew
on landmark randomized controlled trials of intensive
versus standard glycemic control (DCCT/EDIC, UKPDS,
ACCORD, ADVANCE, VADT, ORIGIN),
cohorts relating longitudinal HbAlc to mortality and

observational

complication risk in older populations, mechanistic
studies of age-related insulin resistance and beta-cell
function including the homeostasis model assessment
(HOMA-IR)
statements from the American Diabetes Association, the

literature, and consensus and position
American Geriatrics Society, and the European Diabetes
Working Party for Older People addressing glycemic target
individualization in geriatric diabetes care. Studies were
HbAlc

interpretation, insulin resistance physiology in aging, and

selected for topical relevance to trend
glycemic target setting in elderly patients, rather than
through a formal systematic search protocol, consistent
with the narrative-review format of this article. Findings
are organized around three questions: how HbAlc trend
reflects the changing balance of insulin resistance and
insulin deficiency with age, what randomized and
the

relationship to clinical outcomes in older adults, and how

observational evidence shows about trend's

that evidence has been translated into individualized

target-setting frameworks.
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3. Results

HbA1lc trend and the changing balance of insulin
resistance with age

The pathophysiological chain from aging to a rising
HbAlc trend runs through two
mechanisms. Cross-sectional and longitudinal studies

largely separable

using the homeostasis model assessment of insulin
resistance (HOMA-IR), the widely adopted method
derived by Matthews and colleagues from fasting glucose
and insulin concentrations, consistently show higher
indices of insulin resistance in older compared with
younger adults matched for body mass index [14].
Ferrannini and colleagues, studying insulin sensitivity
across a large multicenter European cohort, found that
insulin resistance increased with age independent of
adiposity, implicating intrinsic changes in skeletal muscle
glucose disposal rather than obesity alone as the principal
driver [15]. Barzilai and Ferrucci, reviewing the aging
literature, argued that this age-related rise in insulin
resistance may in some contexts represent an adaptive,
protective shift in fuel partitioning rather than a purely
pathological process, a reframing relevant to interpreting
HbAlc trend in the oldest patients [16].

Superimposed on this resistance trend is an independent,
and in many patients dominant, decline in beta-cell
secretory capacity. Chang and Halter, reviewing insulin
secretion across the lifespan, found that aging blunts both
the first-phase and pulsatile components of insulin
release in response to glucose, a defect that compounds
peripheral resistance rather than compensating for it [6].
Meneilly and Elahi, studying lean elderly patients with
type 2 diabetes, found that a subset of older patients
present with a metabolic phenotype dominated by
secretory failure rather than resistance, a distinction with
direct implications for whether insulin sensitizers or
secretagogues better target the trend driving a given
patient's rising HbAlc [17]. DeFronzo's synthesis of the
pathophysiology of type 2 diabetes, describing the
octet"

expanding "ominous

[

©

of contributing organ

systems, situates this age-related uncoupling of resistance
and secretion within the broader multi-organ model that
now underlies rational, mechanism-based
glucose-lowering therapy selection in older patients [4].
Kahn's earlier analysis of the relative contributions of
insulin resistance and beta-cell dysfunction across the
natural history of type 2 diabetes established the
conceptual framework, still in use, for interpreting which
mechanism a rising or falling HbAlc trend most plausibly

reflects at a given disease stage [5].

Table 1: Age-related contributions to a rising HbAlc trend,

comparing peripheral insulin resistance and beta-cell secretory
decline as distinct mechanisms [14,15,6,17].

Mechanism | Typical Dominant Key evidence
age-related metabolic
change phenotype
Peripheral Increases with Preserved [14,15]
insulin age, largely secretion,
resistance independent of elevated
adiposity HOMA-IR
Beta-cell Declines with age, | Lean phenotype, |[6,17]
secretory blunted secretory failure
capacity first-phase dominant
response
Combined Both mechanisms | Mixed phenotype, | [4,5]
resistance and | present, variable | most common in
secretory weighting longstanding
decline disease

HbAlc trend and outcomes in randomized trials and
cohorts

The clearest evidence on how HbAlc trend relates to
outcomes in older, longstanding diabetes populations
comes from three large randomized trials published
within a year of one another. The ACCORD trial
randomized patients with type 2 diabetes and elevated
cardiovascular risk to an intensive strategy targeting
HbAlc below 6.0% or a standard strategy targeting
7.0-7.9%, and was stopped early after intensive treatment
was associated with significantly higher all-cause
mortality despite achieving a lower mean HbAlc
trajectory [11]. The ADVANCE trial, using a less aggressive
intensive target of 6.5%, found a significant reduction in

the composite of major macrovascular and microvascular
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events, driven predominantly by a reduction in
nephropathy, without the excess mortality seen in
ACCORD [12]. The VADT, enrolling patients with a longer
mean diabetes duration than either of the other two trials,
found no significant difference in cardiovascular
outcomes between intensive and standard glycemic
control over the trial period, though a subsequent
long-term follow-up suggested a delayed benefit [13].
Ismail-Beigi and colleagues' detailed analysis of the
ACCORD microvascular data found that intensive glucose
lowering did reduce the composite renal and retinal
outcome, indicating that the mortality signal in that trial
did not reflect a uniform hazard of glycemic control across

all organ systems [18].

Table 2: Intensive versus standard glycemic control in three pivotal

randomized trials of type 2 diabetes with a substantial older-adult
population [11,12,13].

Trial Intensive Mean Key finding
HbAlc target | diabetes
duration
[11] <6.0% ~10 years Stopped early; higher
all-cause mortality with
intensive arm
[12] <6.5% ~8 years Reduced composite
macro/microvascular
events, no excess
mortality
[13] ~6.9% ~11.5 years No significant
achieved cardiovascular benefit
during the trial period
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Figure 1: All-cause mortality hazard ratio by mean HbA1c category
in a large primary-care cohort of older adults with type 2 diabetes,

showing a U-shaped relationship with lowest risk near an HbA1lc of
approximately 7.5% and elevated risk at both lower and higher values
[10].

Large observational cohorts extend this picture to the

HbAlc trend itself rather than a single randomized target.
Currie and colleagues, following a large primary-care
cohort, found a U-shaped relationship between mean
HbAlc and all-cause mortality, with the lowest hazard
near 7.5% and elevated hazard at both markedly lower and
higher values, difficult to reconcile with a simple "lower is
[10].
colleagues, in the Diabetes and Aging Study, found that

always better" reading of trend Huang and
severe hypoglycemia requiring emergency treatment rose
sharply among older patients maintained at very low
HbAlc, particularly those with substantial comorbidity, a
population in whom a falling trend can itself become the
adverse event [19]. Lipska and colleagues found that many
older adults with complex or poor health status were
nonetheless maintained at tightly controlled HbAlc
inconsistent with individualized targets, indicating
overtreatment is common in practice rather than a
[20].

meta-analysis confirmed a continuous, graded association

theoretical concern Selvin and colleagues'
between HbAlc and cardiovascular risk, supporting
continued surveillance even where near-normalization is
not the goal [21]. Glycemic variability adds a further
dimension: Monnier and colleagues found that acute
glucose fluctuations activate oxidative stress independent
of mean glycemia,
reanalyzing DCCT data, found that variability contributed

to microvascular risk beyond mean HbAlc alone, both

and Kilpatrick and colleagues,

relevant to why a stable trend, not merely a favorable

mean, is now emphasized [22,23].

From trend to individualized glycemic targets

The practical translation of this evidence has been a shift
from a single, uniform HbAlc target toward stratified
targets set according to functional status, comorbidity,
and estimated life expectancy. Kirkman and colleagues'
consensus report, prepared jointly for the American
Diabetes Association and the American Geriatrics Society,
proposed a three-tier framework: an HbAlc target below
approximately 7.5% for healthy older adults with long life

expectancy, below 8.0% for moderate comorbidity, and
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below 8.5% for multiple comorbidities or limited life
expectancy, prioritizing avoidance of hypoglycemia over
[24].
Sinclair and colleagues' European Diabetes Working Party

near-normalization in the most vulnerable tier

for Older People guidelines proposed a comparable

framework, emphasizing functional and cognitive
assessment, not age alone, as the required input to
target-setting [25]. The American Geriatrics Society's
expert panel echoed this stratification, recommending
against tight control in older adults with limited life
expectancy given the multi-year lag before microvascular
benefit accrues [26]. Munshi and colleagues extended this
framework to long-term care and skilled nursing facilities,
recommending relaxed targets, often above 8%, and
simplified  regimens  prioritizing avoidance  of
hypoglycemic trend reversals [27]. Lee and Eng reinforced
the same principle from a geriatrics perspective: a falling
HbAlc trend in a frail patient should prompt evaluation
for overtreatment rather than being read uncritically as
success [8]. The American Diabetes Association's current
Standards of Care formalizes this individualized approach
in its glycemic-target and dedicated older-adults guidance
[28,29]. The ORIGIN trial's long-term follow-up of early
basal insulin in dysglycemia reinforced that neutral
with

hypoglycemia-avoidant titration are achievable even

cardiovascular outcomes careful,
when trend improvement is modest [30]. Turner and
UKPDS 49

monotherapy increasingly fails to sustain HbAlc control

colleagues' analysis, showing that
over time, underscores why trend surveillance remains
necessary throughout the disease course, including into
old age [31]. Yakaryilmaz and Ozturk, and Chiniwala and
Jabbour, this
prescribing guidance favoring agents less prone to
[32,33].
Rodriguez-Gutierrez and Montori caution that guidance

synthesize stratified approach into

provoking hypoglycemic excursions
in this area has been repeatedly revised as evidence
accumulated, a caution they argue applies with particular

force to elderly patients, where the evidence base remains

3

thin [34]. Boyle and colleagues' population projections
underscore this framework's growing relevance given the
rising share of the diabetes population expected to be over
65 in coming decades [35].

INDIVIDUALIZED HBA1C TARGET CEILING BY FUNCTIONAL TIER
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Figure 2: Individualized HbA1c target ceilings recommended by
functional and comorbidity tier in the American Diabetes Association

/ American Geriatrics Society consensus framework for older adults
[24].

4. Discussion

Taken together, this literature supports reading HbAlc
trend in elderly patients as a signal of at least three
overlapping processes rather than a single number to be
minimized: the underlying, age-related shift in the
balance between insulin resistance and beta-cell secretory
failure [4,5,17]; the accumulating risk, evident in both
randomized trials and large cohorts, that pursuing a low
absolute HbAlc value can itself become hazardous once
comorbidity, frailty, and hypoglycemia risk are accounted
for [11,10,19]; and the practical need, now embedded in
every major geriatric diabetes guideline, to set the target
the trend is measured against according to functional
status rather than age or diagnosis alone [24,25,27]. The
U-shaped mortality curve described by Currie and
colleagues is perhaps the single clearest illustration of why
trend direction and trend context matter more than trend
magnitude in isolation: a falling HbAlc in a frail,
polypharmacy-burdened patient is not intrinsically
reassuring, and a stable, moderately elevated HbAlc in the
same patient may represent appropriately calibrated care
rather than undertreatment [10,8].

This synthesis has the limitations inherent to a narrative
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rather than systematic review, and the underlying
evidence base itself has gaps particular to the oldest and
frailest patients, who are systematically underrepresented
in the pivotal randomized trials that anchor current
practice; ACCORD, ADVANCE, and VADT all enrolled
predominantly middle-aged and early-elderly participants
relative to the
that
guideline stratification frameworks are increasingly asked
to address [11,12,13,27]. Mechanistic evidence on the

age-related uncoupling of insulin resistance and secretory

with preserved functional status

nursing-home and multimorbid populations

failure is stronger than the outcomes evidence linking
specific trend patterns to specific interventions, meaning
that much of the individualization now recommended in
practice rests more on consensus judgment than on trial
data generated within the elderly population itself
[15,6,26].

5. Conclusion

HbAlc trend analysis remains central to managing insulin
resistance in elderly patients with diabetes, but its
interpretation in this population differs meaningfully
from its interpretation in younger, less comorbid cohorts.
The trend reflects a shifting balance between age-related
insulin resistance and declining beta-cell reserve [4,14], its
relationship to mortality and complications follows a
U-shaped rather than a strictly linear pattern once frailty
and hypoglycemia risk are considered [10,19], and the
major randomized trials of intensive control collectively
counsel against pursuing near-normal targets in patients
with longstanding diabetes and significant comorbidity
[11,12,13]. Current guidance from the American Diabetes
Association, the American Geriatrics Society, and the
European Diabetes Working Party for Older People
converges on a stratified approach that sets the HbAlc
target the trend is judged against according to functional
status and life expectancy rather than a single universal
threshold [24,25,26]. Read this way, as a trajectory
interpreted against an individualized target rather than a
value to be minimized on principle, HbAlc trend analysis

remains a genuinely useful tool for managing insulin
resistance safely across the wide range of physiological

reserve seen in elderly patients with diabetes.
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