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Abstract

Aims/hypothesis—There is controversy regarding the performance of HbA. in old age. We
evaluated the prognostic value of HbA;. and other glycaemic markers (fructosamine, glycated
albumin, fasting glucose) with mortality risk in older adults (66-90 years).

Methods—This was a prospective analysis of 5636 participants (31% with diagnosed diabetes,
mean age 76, 58% female, 21% black) in the Atherosclerosis Risk in Communities (ARIC) study,
baseline 2011-2013. We used Cox regression to examine associations of glycaemic markers
(modelled in categories) with mortality risk, stratified by diagnosed diabetes status.

Results—During a median of 6 years of follow-up, 983 deaths occurred. Among older adults
with diabetes, 30% had low HbA 1 (<42 mmol/mol [<6.0%]) and 10% had high HbA. (=64
mmol/mol [>8.0%]); low (HR 1.32 [95%CI 1.04, 1.68]) and high (HR 1.86 [95%CI 1.32, 2.62])
HbA 1. were associated with mortality risk vs HbA1; 42-52 mmol/mol (6.0-6.9%) after
demographic adjustment. Low fructosamine and glycated albumin were not associated with
mortality risk. Both low and high fasting glucose were associated with mortality risk. After further
adjustment for lifestyle and clinical risk factors, high HbA;; (HR 1.81 [95%CI 1.28, 2.56]),
fructosamine (HR 1.96 [95%CI 1.43-2.69]), glycated albumin (HR 1.81 [95%CI 1.33-2.47]) and
fasting glucose (HR 1.81 [95%CI 1.24, 2.66]) were associated with mortality risk. Low HbA4. and
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fasting glucose were no longer significantly associated with mortality risk. Among participants
without diabetes, associations of glycaemic markers with mortality risk were less robust

Conclusions/interpretation—Elevated HbA, fructosamine, glycated albumin and fasting
glucose were associated with risk of mortality in older adults with diabetes. Low HbA;; and
fasting glucose may be markers of poor prognosis but are possibly confounded by health status.

Our findings support the clinical use of HbA in older adults with diabetes.
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Introduction

HbA 1 is central to the diagnosis and management of diabetes. However, our understanding
of the association of HbA with clinical outcomes is based primarily on studies of middle-
aged adults. There has been recent debate regarding the interpretation of age-related
increases in HbA . and whether age-related increases reflect true hyperglycaemia [1-4].
This has implications for the use and interpretation of HbA; in older age.

Among middle-aged adults, J- or U-shaped curves between HbA;; and risk of mortality have
been reported in both adults with and without diabetes in some studies [5-9] but not others
[10, 11]. There is controversy regarding why low HbA;. might be associated with mortality
risk [12, 13] and whether there is a J-shaped association in older age [14-19]. This issue is
particularly relevant to clinical care for frail older adults with diabetes or those with a
presumed limited life expectancy due to concerns of potential overtreatment and risks of
hypoglycaemia in the setting of strict glycaemic control [20].

Fructosamine and glycated albumin are serum markers of hyperglycaemia that are highly
correlated with HbA ;. [21]. Both tests are Food and Drug Administration (FDA)-cleared for
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clinical use in the USA but are not routinely used. Fructosamine and glycated albumin track
with HbA . and are similarly associated with microvascular [22] and macrovascular
outcomes in middle-aged adults [23], however there are scant data on fructosamine and
glycated albumin in older adults. Because these biomarkers are haemoglobin-independent
and, thus, not subject to the same factors that can affect the interpretation of HbA; [21],
they can help us understand whether associations with outcomes are glycaemic or non-
glycaemic in nature.

We sought to test whether HbA; was associated with all-cause mortality risk in older adults
aged 66-90 years with and without diabetes, and compared these associations to those for
fructosamine, glycated albumin and fasting glucose. Based on the prior literature in middle-
aged adults, we hypothesised there would be J-shaped associations between glycaemic
markers and mortality risk among older adults with and without diabetes. We also explored
determinants of low HbA .

Study design

The ARIC study is a prospective multi-centre community-based cohort, which began in
1987-1989, when participants were aged 45-64 years [24]. Multiple clinic visits have since
taken place. At each clinic visit, participants underwent an interview, physical examination
and blood tests. All participants provided written informed consent and ARIC protocols
were approved at Institutional Review Boards for each study centre.

We conducted a prospective cohort analysis with visit 5 (2011-2013, attended by 65% of the
participants still alive) as baseline when participants were 66 to 90 years old. Of the 6538
visit 5 participants, we excluded 439 who were missing any of the glycaemic measurements,
247 with non-fasting blood tests, and 181 where information was missing on other model
covariates. Additionally, participants who were neither black nor white as well as black
participants at the Maryland and Minnesota centres were excluded due to small numbers
(n=35). This resulted in an analytic sample of 5636 participants (31% with diagnosed
diabetes) (see electronic supplementary material [ESM] Fig. 1 for details).

Diabetes and glycaemic measurements—We conducted all analyses stratified by
diagnosed diabetes status, which was defined as history of self-reported physician diagnosis
or current medication use for diabetes (self-reported at visit 5). We did not have information
on diabetes type. Duration of diagnosed diabetes at visit 5 was estimated based on the date
of the annual (or semi-annual) phone calls where diagnosed diabetes was first reported, and
was dichotomised at the median (=10 vs <10 years). Glycaemic markers were measured at
visit 5 in all participants (with and without diagnosed diabetes). HbA;. was measured in
whole blood using a Tosoh G7 Automated HPLC Analyzer (Tosoh Bioscience, USA), which
was standardised to the DCCT assay. Fructosamine and glycated albumin were both
measured in serum on the Roche Modular P800 Chemistry Analyzer (Roche Diagnostics,
USA). Fructosamine was measured using a colorimetric assay by Roche Diagnostics.
Glycated albumin was measured using a complex method by Asahi Kasei Pharma (Japan).
Fasting glucose was measured in serum using the hexokinase method. The laboratory intra-
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assay CV based on blind duplicate samples for HbA1; was 1.3% and for fasting glucose was
5.7%. For fructosamine, CVs were 3.2% at a concentration of 212.6 umol/l and 2.5% at a
concentration of 856.7 umol/I. For glycated albumin, CVs were 2.3% at a concentration of
1.579 g/dl and 2.8% at a concentration of 0.426 g/dI.

Other measurements—~Participants self-reported their demographic characteristics
(including race), smoking and drinking status. BMI was calculated from measured height
and weight. BP was measured three times, and we used the mean of the second and third
measurements. eGFR was calculated using the CKD-EPI equation based on cystatin C and
creatinine [25]. Total cholesterol and HDL-cholesterol were measured in plasma using
colorimetric methods. Haemoglobin was measured using an Automated Haematology
Analyser (ABX Horiba Diagnostics MICROS 60-CS, USA). Anaemia was defined as
haemoglobin <135 g/I for men and <120 g/l for women; moderate/severe anaemia was
defined as haemoglobin for men <120 g/l and <100 g/I for women [26]. Liver enzymes
(alanine and aspartate aminotransferase [ALT, AST] and y-glutamy!l transferase [GGT])
were measured in serum. Elevated liver enzymes were defined by sex-specific 95th
percentile thresholds [27]. Participants were asked to bring their medication containers to
each visit, and these were transcribed and coded. Prevalent CVD included CHD (defined as
either definite or probable myocardial infarction), stroke (definite or probable) and heart
failure. Frailty status was based on a standard definition used in prior studies, defined by the
presence of >3 of the following: low energy, low physical activity, low strength, slowed
motor performance, and unintentional weight loss [28].

Outcome ascertainment—All-cause mortality was identified through annual (semi-
annual since 2012) follow-up telephone calls to participants or their proxies, state records
and linkage to the National Death Index up to 31 December 2018.

Data analysis

We present baseline (visit 5) participant characteristics across HbA . categories, stratified by
diagnosed diabetes status. We categorised HbA; among participants without diabetes as
<31 mmol/mol, 31-<39 mmol/mol, 39-<48 mmol/mol, and =48 mmol/mol (undiagnosed
diabetes) (<5.0%, 5.0-<5.7%, 5.7-<6.5%, =6.5%), and among those with diagnosed
diabetes as <42 mmol/mol, 42—<53 mmol/mol, 53—-<64 mmol/mol, and =64 mmol/mol
(<6.0%, 6.0-<7.0%, 7.0-<8.0%, =8.0%). Diabetes-specific percentile equivalent cut-points
to HbA 1. were used for fructosamine and glycated albumin [23]. Fasting glucose was
modelled using clinically relevant cut-points in those individuals without diabetes as <5.5,
5.5-<7.0, and =7.0 mmol/l. In those with diagnosed diabetes we categorised fasting glucose
as <5.5, 5.5<8.3, 8.3—<11.1, and 211.1 mmol/I.

We used Cox proportional hazards regression models to examine the associations between
categories of glycaemic markers and risk of mortality among participants with and without
diabetes. We also modelled the glycaemic biomarkers more flexibly using restricted cubic
splines. We compared two models: in Model 1, we adjusted for age, sex and race-centre
(Forsyth County, North Carolina-white; Forsyth County, North Carolina-black; Washington
County, Maryland-white; Minneapolis, Minnesota-white; Jackson, Mississippi-black); in
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Model 2, we additionally adjusted for current smoking status (yes/no), current drinking
status (yes/no), BMI (continuous), systolic BP (continuous), antihypertension medication
use, eGFR (continuous, spline with knot at eGFR <60 ml min~ [1.73 m]™2), HDL
(continuous), total cholesterol (continuous), cholesterol-lowering medication use (yes/no)
and haemoglobin (continuous). We verified the proportional hazards assumption for each
model. We used seemingly unrelated regression to compare the strength of the HRs for the
associations of HbA 1, fructosamine, glycated albumin and fasting glucose with mortality
risk [29]. In a sensitivity analysis, we further adjusted for markers of comorbid health status:
prevalent CVD, elevated liver enzymes (AST, ALT, GGT) and frailty.

To evaluate cross-sectional determinants of low levels of HbA,; and other glycaemic
markers, we used logistic regression models adjusted for age, sex and race-centre. In these
models, we selected variables (BMI, eGFR, CVD, liver disease, frailty, anaemia, diabetes
duration and medication use) that have been previously linked to low HbA in prior
literature and that could confound the association between low glycaemic levels and risk of
mortality [30].

We examined results stratified by race, given the ongoing controversy regarding the
interpretation of racial differences in HbA4 [31]. We also conducted analyses stratified by
anaemia, stage 3+ chronic kidney disease (CKD), and frailty status and formally tested for
multiplicative interaction by these variables. A pvalue <0.05 was considered statistically
significant.

The mean age of the 5636 participants was 76 years, 58% were female, and 21% were black.
Overall, 31% of the study population had diagnosed diabetes. Over a median of 6 years of
follow-up, 983 deaths occurred (400 occurring in those with diagnosed diabetes).

Older adults without diabetes

In people without diagnosed diabetes, compared with those with normal HbA 1, 31-<39
mmol/mol (5.0-<5.7%), individuals with low HbA; <31 mmol/mol (<5.0%) were more
likely to be male, black, have prevalent CVD, and have moderate or severe anaemia (Table
1). Individuals with HbA; 248 mmol/l (=6.5%, undiagnosed diabetes) were more likely to
be female, black, obese, and to have CVD than those with normal HbA; 31-<39 mmol/mol
(5.0-5.7%).

Among older people without diabetes, HbA4. was weakly associated with fructosamine
(Pearson’s r=0.19), glycated albumin (r=0.28) and fasting glucose (r=0.36) (ESM Table 1).
Low HbA;; <30 mmol/mol (<5.0%) was associated with higher mortality risk after
adjustment for demographic variables compared with those with HbA; 31-<39 mmol/mol
(5.0-<5.7%) (Model 1; Fig. 1a and Table 2), but not after additional adjustment for lifestyle
and clinical risk factors (Model 2). Undiagnosed diabetes (HbA; =48 mmol/mol or =6.5%)
was not significantly associated with mortality risk. Individuals with fructosamine and
glycated albumin in the =98th percentile (vs 6th-55th percentile) had elevated mortality risk
(Model 1): HR 1.99 (95% CI 1.39, 2.84) for fructosamine and HR 1.88 (95% CI 1.28, 2.75)
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for glycated albumin. After adjustment for lifestyle and clinical risk factors, the associations
remained significant for fructosamine (HR 1.63 [95% CI 1.12, 2.35]) but was attenuated for
glycated albumin (HR 1.38 [95% CI 0.93, 2.06]) (Fig. 1b—c and Table 2). Fasting glucose
was not significantly associated with risk of mortality in older adults without diabetes (Fig.
1d and Table 3). Associations between all four glycaemic markers and mortality were not
appreciably altered when we adjusted for all variables in Model 2 plus markers of comorbid
health status: prevalent CVD, elevated AST, ALT or GGT, and frailty.

There were no statistically significant differences for the association of any of the glycaemic
biomarkers with mortality risk according to race (Model 1: all p values for interaction >0.17;
ESM Fig. 2a-b), anaemia (p-interactions >0.21; ESM Fig. 3a—b), CKD (p-interactions
>0.60; ESM Fig. 4a-b), or frailty (p-interactions >0.26; ESM Fig. 5a—b). While not
statistically significant, there were, however, some qualitative differences for race and
anaemia. High fructosamine was significantly associated with increased risk of mortality in
white people but not black people. High HbA . was associated with increased risk of
mortality in individuals without anaemia but not in those with anaemia. In the subset with
frailty and no diabetes, no glycaemic markers were significantly associated with mortality
risk (ESM Fig. 5a-b).

Individuals with low HbA;. <31 mmol/mol (<5.0%) were more likely to have stage 3+ CKD
(OR 1.55[95% CI 1.03, 2.34]), prevalent CVD (OR 1.92 [95% CI 1.25, 2.94]), or moderate/
severe anaemia (OR 3.34 [95% CI 1.76, 6.35]) (ESM Table 2), compared with those in the
normal HbA ;¢ range 31-<39 mmol/mol (5.0-<5.7%). Individuals with low (vs normal)
fructosamine (OR 2.52 [95% CI 1.14, 5.56]) were more likely to have moderate/severe
anaemia.

Older adults with diabetes

In people with diagnosed diabetes, compared with those with low HbA; <42 mmol/mol
(<6.0%), individuals with high HbA;. =64 mmol/l (=8.0%) were more likely to be black,
obese, have a longer duration of diabetes, or to be currently taking diabetes medications

(Table 1).

In individuals with diabetes, biomarkers of hyperglycaemia were highly correlated: HbA 1
and fructosamine r=0.75; HbA and glycated albumin r=0.81; HbA; and fasting glucose
r=0.64 (ESM Table 1). HbA, fructosamine, and glycated albumin all had similarly shaped
associations with mortality risk (Fig. 1e—g). With adjustment for demographic factors, low
(HR 1.32 [95%CI 1.04, 1.68]) and high HbA. (HR 1.86 [95%CI 1.32, 2.62]) were both
associated with an increased risk of mortality vs HbA1; 42-52 mmol/mol (6.0-6.9%). Low
fructosamine and glycated albumin were not significantly associated with mortality risk.
After additional adjustment for lifestyle and clinical risk factors, high levels (=91st
percentile) of HbA, fructosamine and glycated albumin were associated with mortality
risk, compared with those with markers between the 32nd and 73rd percentile, e.g. HbA1¢
HR 1.81 (95% CI 1.28, 2.56). Similar to the association observed for HbA, fasting glucose
followed a J-shaped association in the demographic-adjusted model (Fig. 1h and Table 3);
after adjustment for lifestyle and clinical risk factors, elevated glucose carried higher
mortality risk, and low fasting glucose was no longer statistically significantly associated
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with mortality risk (Table 3). When we further adjusted Model 2 for prevalent CVD,
elevated liver enzymes and frailty, the associations between HbA ., fructosamine, glycated
albumin and fasting glucose and mortality risk were unchanged.

Associations of the biomarkers of hyperglycaemia and mortality risk were not statistically
significantly different according to race (p-interactions >0.08, ESM Fig. 2c—d), anaemia (p-
interactions >0.07, ESM Fig. 3c—d), CKD (p-interactions >0.13, ESM Fig. 4c—d), or frailty
(p-interactions >0.12, ESM Fig. 5¢—d). In the subset of participants with diabetes and who
were frail, low (<42 mmol/mol, <6.0%) and high (=8.0%) HbA . were associated with
elevated risk of mortality; fructosamine and glycated albumin were not associated with risk
of mortality in this subgroup (Models 1-2, ESM Fig. 5¢c—d).

In participants with diabetes, those with low HbA 1. (<42 mmol/mol, <6.0%) were less likely
to be overweight or obese, had a shorter diabetes duration, and were less likely to use
diabetes medications than those between 42 and <53 mmol/mol (6.0-<7.0%) (ESM Table 2).

Discussion

Among older adults with diabetes, elevated HbA, fructosamine, glycated albumin and
fasting glucose were robustly associated with risk of mortality; low HbA,. and fasting
glucose were associated with mortality (J-shaped) but these associations were not
statistically significant after further adjusting for confounding factors. In older adults
without diabetes, associations between glycaemic markers and mortality risk were less
consistent. Elevated fructosamine was associated with an increased risk of mortality. Low
HbA 1. was associated with elevated risk of mortality after adjusting for demographic
characteristics, but this association was no longer significant with further adjustment. Our
findings support the clinical use of HbA. among older adults with diabetes and suggest that
the performance of fructosamine, glycated albumin and fasting glucose as markers of risk is
similar compared with HbA .

The strength of risk factor associations differ across the life course; typically, risk factors
measured in mid-life are more strongly associated with cardiovascular outcomes [32, 33]
and mortality risk [32-34] than those same risk factors measured in late-life. Understanding
the HbA.-mortality relationship in late-life has implications for diabetes care in older
adults. HbA . is an important risk factor for microvascular outcomes (CKD, end-stage renal
disease, retinopathy) [35, 36], CVD [37-39], and all-cause mortality [37, 38, 40, 41] in
middle-aged adults. In our study population with diabetes (aged 75+), we found that HbA .
was positively associated with risk of mortality. Consistent with prior observations, the
association between HbA . and mortality risk was less robust than that observed in middle-
age (aged 48-67) [23, 38]. Indeed, in individuals without diabetes, we did not observe
significant associations of HbA1. with mortality risk after adjustment for confounding
factors.

Previous research in older adults has not examined alternative glycaemic markers with risk
of mortality; this can help us discern if associations are glycaemic or non-glycaemic in
nature. We found that glycated albumin and fructosamine were correlated with HbA;.—
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especially in individuals with diabetes—and their associations with mortality were generally
similar in magnitude and shape as compared with HbA .. This suggests that the associations
that we observed between HbA;. and mortality risk primarily reflect hyperglycaemia-related
processes.

Some [5-9, 15] but not all [10, 11, 14] prior studies in individuals without diabetes have
reported J-shaped curves between HbA1. and mortality risk. In a prior ARIC analysis, no
one specific cause of death (cancer, cardiovascular, respiratory, digestive/liver, genitourinary/
kidney) accounted for the elevated risk among individuals with low HbA;; who were
middle-aged at the time [41]. After accounting for potential confounding factors, we did not
find robust associations between low HbA . and mortality risk in this older population.
Liver disease has been postulated as a mechanism by which low HbA; leads to mortality
[42]. In analyses of the National Health and Nutrition Examination Survey (NHANES),
adults without diabetes who had very low HbA 1 (<20 mmol/mol; <4.0%) had much higher
prevalence of elevated liver enzymes, hepatitis C seropositivity [5, 42] and ultrasound-
detected steatosis as compared with those with HbA . between 31 and <37 mmol/mol (5.0
<5.5%) [42]. In middle-aged ARIC participants without diabetes, a J-shaped curve between
HbA 1 and risk of liver hospitalisations has also been reported [41]. By contrast, in our study
among the now older ARIC participants, liver enzymes were not particularly elevated among
individuals with low HbA (or other glycaemic biomarkers). Anaemia and conditions
relating to red-cell turnover are also plausible explanations linking low HbA;; and mortality
[43]. We found that moderate or severe anaemia was a strong determinant (threefold higher)
of having low HbA . (vs normal) in older adults without diabetes. Moderate or severe
anaemia was also a predictor of having low fructosamine (and glycated albumin, albeit non-
statistically significantly), which are not haemoglobin-dependent glycaemic markers. The
effect estimates between the individual glycaemic markers and mortality risk were slightly
larger among individuals without anaemia than among those with anaemia. We did not find,
however, any statistical evidence to suggest that the association between HbA . and other
glycaemic markers differed according to anaemia status (nor did adjustment for
haemoglobin affect our results) in older adults with or without diabetes.

In older individuals with diabetes, some experts have raised concerns of potential
overtreatment and whether goals for glycaemic control should be less stringent in frail
individuals or those with complex health status. Low HbA;. may be a confounded marker of
poor prognosis in older adults with diabetes, particularly those who are frail. In our study
population, low HbA, in older adults with diabetes, was not a robust predictor of mortality
risk after adjustment; similar patterns were observed for fructosamine, glycated albumin and
fasting glucose. These results suggest that, in older adults, well-controlled diabetes (i.e.
HbA 1. <563 mmol/mol or <7.0%) is not a robust marker for mortality. Indeed, individuals
with diabetes and low HbA ;. were more likely to have a shorter duration of diabetes and
were less likely to be taking glucose-lowering medications.

There are limitations of this study. First, we had limited power for testing for interaction and
estimating moderate effects in subgroups. Second, elevated HbA ;. without a diagnosis of
diabetes—i.e. undiagnosed diabetes—was uncommon in this study population, limiting our
power to detect associations of undiagnosed diabetes with mortality risk. Lastly, while we
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adjusted for major confounders, residual confounding remains a possibility [30]. Strengths
of this study include the standardised assessment and rigorous measurement of covariates in
a research setting and active surveillance for mortality. To our knowledge, our study is the
first examination of glycated albumin and fructosamine with mortality risk in a community-
based population of older adults with and without diabetes.

In conclusion, elevated HbA 1, fructosamine, glycated albumin and fasting glucose were
associated with risk of mortality in older adults with diabetes. We also found evidence that
low levels of HbA 1 and fasting glucose were associated with mortality risk (J-shaped
associations) in those with diabetes, and that low HbA; was associated with mortality risk
in those without diabetes, but these associations were attenuated after accounting for
confounding characteristics. Among participants without diabetes, associations of glycaemic
markers with risk of mortality were less robust. Our results support the notion that low
HbA 1 is a confounded marker of poor outcomes, rather than a direct risk factor for
mortality. Collectively, our findings support the complementary nature of glycaemic
biomarkers and the clinical utility of HbA;; among older adults.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
What is already known about this subject?
. There Is controversy regarding the performance of HbA1¢ In old age

. Studies of the association of HbA1¢ with mortality risk have primarily been
conducted in middle-aged adults. Some studies have reported J- or U-shaped
associations

What is the key question?

. What is the prognostic value of HbA;. and other glycaemic markers
(fructosamine, glycated albumin, fasting glucose) with mortality risk in older
adults with and without diabetes?

What are the new findings?

. Among older adults with diabetes, high levels of HbA, fructosamine,
glycated albumin and fasting glucose were all associated with mortality risk

. Low HbA1., and low fasting glucose were associated with an increased risk of
mortality in older adults with diabetes, but this association was not
statistically significant after adjustment for lifestyle and clinical risk factors

. Among older adults without diabetes, the associations of glycaemic markers
with mortality were less consistent

How might this impact on clinical practice in the foreseeable future?

. Our findings support the notion that low HbA ., and fasting glucose are
markers of poor prognosis in diabetes but are possibly confounded by current
health status. Ultimately, our results support the clinical use of HbA;. among
older adults with diabetes
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Fig. 1.
Associations of glycaemic markers with all-cause mortality, stratified by diabetes diagnosis

status (a—d, no diagnosed diabetes; e-h, diagnosed diabetes), for the ARIC study 2011-
2018, showing HR (95% CI) and proportion of the population (%). Restricted cubic splines
adjusted for age, sex and race. Knots at 5th, 35th, 65th, and 95th percentiles, and centred at
the median; >99th and <1st percentile removed to minimize influence of extreme values and
for ease of display

Diabetologia. Author manuscript; available in PMC 2022 February 01.

(%) U89 Jod (%) Ju82 Jod (%) 180 Jod

(o) Jued J8d



Page 15

Rooney et al.

(ET0Z-TT0Z) G MSIA Apnis D1y Je sa1eqelp pasoubelp INoyim pue yum senpiaipul buowe seiiofisies *ygH Aq sonsisioeseyd suljsseq

Author Manuscript

nsy (ney (ONezy ©ODvY tney @Unsy @Devr (TT)8Y l/joww ‘|oJa)s8|oyo [eloL
o8y 99y 8'ay (047 (A4 8'Ge 6'6C G'9g (%) ¢-[W €2T] Ui jw 09> U498
L'€6 6'€6 2’16 T'€8 9718 8'¢L v'29 8,9 (%) asn uoneatpaw uolsuapadAyNUY
(8m)oet  (02)ver  (BT)oeT  (6T) 62T (8m)zer  (B)oer  (gn)oer  (12) 9T BHWwW ‘dg o1joishs
9'09 0'€S 605 8'9¢ zoy L8 zee 602 2W/B> 0E= ‘95800
02E (AL 6'GE 7'y Ley 7Ty G'6€ 607 2W/Bx 0£>=52 ‘WB1eMIBAQ
7L 16 Len 971C 191 v've 6'GE 1'GE 2W/B> G2>-G'8T ‘[eapl
00 90 7’0 z0 00 7T A 92 2W/B> 687> Wblamispun
(%) saui0ba1ed |INg
(9 ee (9) 1¢ @ 1e (9) 62 (9) og (9) 8z (9) 22 (9) 22 2W/Bx ‘INg
6'7€ 8'€e (AL 8y Ty T°0S 9.5 8 (%) Ja3unp [oyod[e UBLIND
9y A 'S 99 €0T 29 A 0L (%) J3>i0ws Jua1IND
oy 9'62 6.2 612 Ley §e an T'9€ oe|g
9'€§ 0L 1L 8L €95 Sl 988 6'€9 SHUM
(%) 200y
9'€S 028 '95 985 €95 209 L85 62y afewa
oy o8y oey 7'y Ley 8'6€ €Ty T'.S I
(%) xS
()37 (9) sz (9) oL (9) 9L (9) 9L (9) 9L (9)sL (9)sL sreak ‘abvy
we)vor (61)ee  (F1)69 (6009 wnos @oes (909s (80SS I/1oww ‘8soan|B poojq Bunseq
(e9) ez ®AsLT (TevT (9T veT (Zddest wDver (ev6er (T TET 9% ‘ullung|e patesA|9
(e9)vse  (€)ogz  (og)ese  (92) 9ge (te)6sz  (12)sez  (oe)6ze  (S€) see 1/10wrl ‘aullesolaniy
SLT=U 8z¢ ovL 125 18 €TLT 1967 STT u
IST6T  UI06—UW. PpIEL-Puge  ISTE> WBeT  UIL6-OS  WSS-Ui9 uis> alnusaJad Joxrew J1Wsedk|D
92 #9>-€G €5>-2 > 8y 8r>—6¢  6£>-T¢ 78> plow/ow Aiobaies g

(0£21=U) se18qelp pasoubelq

(998€=U) se18qeIp pasoubelp oN

a|qeLIen

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Diabetologia. Author manuscript; available in PMC 2022 February 01.



Page 16

Rooney et al.

1/6 00T uswom ‘|/6 0zT> uUsw Ul uigojfowaey :eIWaRUL 31aA3S/alelapow /6 0ZT—-00T Uswom ‘|/B GET—-0ZT uUsw ul uiqojbowaey :elwaeue u___>_u
a111uadJad YiG6 d13193ds-xas Jo E_oa.SoQ
SB1OCIP UILM SIENPIAIPUL Ul 960°8% PUE 960'8>~0"L ‘%0’ 2>=09 '%60'9> PUE 'S2J3GRIP INOYNM SeNPIAIPUI Ul 965'9% PUE %G'9>~L'G ‘%6L'S>~0'G '9%60'G> O} PUOdsa.I0 salioBeled OTVaH,

(as) ueaw Jo o se pajuasald ae ereq

6°0€ 9T 6¢ ST - - - - |eJ40 pue uINSu|
6°¢C 6'TT 'S 6'T - - - - AJuo uinsuj
€8¢ 6'T9 'vs 99¢ - - - - Auo [e10
69 Lot T'9€ 8'69 - - - - 3UON
(%) suoneaipaw saleqelq
6'8L 819 gey €82 - - - - sieak 012
112 78e 695 L'TL - - - - s1eak OT>
(%) uoneinp saleqelq
9'2¢ v'se G'9e oov Ty 81§ 91§ LTy red
€01 6L 69 179 69 ¥'C £e 6'€T BILISRUR 919ASS/81RI8POIN
6'7€E 9'ze z'62 €02 8'€T G'6T 6'ST 002 elLgeue pliA
(%) e1wseuy
(st ger  (€d)ter  (vm)oer  (ST)zET WD ver  (€nver (e ser  (8T) €€t 1/6 ‘uigojBowseH
0 9]eND
16 €L 6'S L'S 08 Ly ey €g C&akoo parEnaIa
9 9]eND
o8 85 8s 67 26 €5 £5 97 (%) g LSV parendi3
Y 9]eND
an 8'8 6'S €g 08 AL ey 9¢C %) gL 1V PoIEAI3
7'6€ G'ee 9TE 8'8¢ 6'62 §'ee 6'GT 7'0€ (%) AAD 1usRARId
TLL el L'yl 229 05 €15 a4 L'SE (%) asn uonearpaw Butemol-pidi
€0z (€0eTr (€0ecT (c0)€T (eo)er €0yt F0sT (F0)¥T /10w ‘|0131S8|0Y2-T1aH

(0£LT=U) se13qeIp pasoubelq (998€=U) se1aqelp pasoubelp oN 3|qeleA

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Diabetologia. Author manuscript; available in PMC 2022 February 01.



Page 17

salogeIp 104 SN UOIRIIPSLU JUBLIND J0 sisoubelp uerdisAyd paniodai-y|as se paulap selqeld,,

uigojBowisey ‘asn uoiesIpaw Buliamol
-pidi| ‘joJs1sajoyod [e101 ‘1aH ANLEQ.E 7-UIW W 09> ¥498 Je Jou aullds) 4499 ‘asn uonesipaw uoisusuadAynue ‘dg 21j01sAs ‘|G ‘Snieis BumjuLp JuslInd ‘sniels Buiows 1Ua1INd + T [SPOIA :Z 19POIN

21)U90-90e. ‘x3s ‘abe T [apoIN

Rooney et al.

(rz'eeT) 18T

(22T'00T) TET

((EIS) R (21 '62°0) 20T (902 '¢6°0) 8E'T (8€°T°26°0) 9T'T () T (68'T'0L°0)ST'T Z 19pON

(622'€5'T) 90°2 (FLTT0T) 2ET (o) T (92'1'92°0) 86°0 (G12'821) 88T (TsT°20T) 22T (o) T (18'T'89°0) TT'T o 19PN

65 6L 6ST €0T 43 €62 e LT syresp u

LT 662 65. Geg 91T €291 zL6T GsT u

¥£'65-85°02 15°02-G6'9T ¥6'9T-LSET 95'€T-76'8 85°02-90°9T 20'9T-92°€T GZ'€T-96'0T G6'0T-G.'8 % ‘abuey
uiwingje paledA|o

(69 ‘cr'T) 96'T (S6T'ETT) 8T (o) T (19°T7'86'0) S2'T (Ge2'2TT)€9T (62'T°06°0) 80T (o) T (297'99°0) ¥0'T Z I3PON

90!

(S0°€'s9T) 22 (S6T'€TT) 6Y'T ((EIS) R (¥S'T'v6°0) 02'T (782 '6€'T) 66'T (S€'1'56°0) €T'T () T (rLT'TL0)TT'T oL 19PN

85 8 T 2T 9 1.2 65z 14 syreap u

LT 00€ 192 PA GTT 2291 T.6T 8T u

2'00.-2'€2€ 1'€26-1'08¢2 £'082-G'56¢ ¥'GE2-6'1ST 9'26v-6'SL2 L'SL2-9'€ET G'EEZ-€'86T Z'86T-T'IET |/jowr ‘sBuey
aulwesolonaH

(952'82T) 18T (F6'T'€TT) 8F'T (@) T (85T 'L6'0) 42T (ere'160) 87T (62'1'16'0) 80T (o) T (Szz'L60) 81T 2 I3pOIN

90!

(292'2€1) 98T (€6T'2TT) LY'T ((EIS) R (89T 'v0'T) 2Z€T (6£2'16°0) 87T (TE€'T'€6°0) OT'T ((EX) R (892 LTT) LLT oL I9POW

St a8 T 8z1 8T 692 1.2 14 syreap

G/T 8¢ orL K4S 18 ETLT 66T GTT u

6'€T-0'8 6.0 6'9-0'9 6'S5CY £8-59 v'9-L'G 9'6-0'G 671'¢ 9 ‘abuey

82179 €9-€5 252 722 19-87 17-6€ 8e-T¢ 0e—¥T Jow/joww ‘abuey
"hvaH

Qm__ucmoLmQ nm__ucmoLmQ o_m__EmEma gw__ucwoha
a|nuadlad 1STe=2 ETERIEL RS a|nuaatad 2 ETERIEN]
g 116< o6-UvL pag/—puge i wie> S 6= U126-195 ISS-419 S the>

LSe1R0eIp pasoubelq

£SAeaeIp pasouBelp oN

8T0Z-TTOZ ‘Apnis D1YV 8yl ul saobiales ajnusaiad YTy pue snieis sisoubelp salagelp Aqg siinpe Japjo ul Aujerow asned-|fe 1o} (S10 %S6) SHH

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Diabetologia. Author manuscript; available in PMC 2022 February 01.



Page 18

Rooney et al.

(£ 0=0') ulwnge pa1eaA|B sa suiwesolonly ‘(90°0=) uiungje pa1edA|d sa ATygH ‘(68 0=anjeAd) aulwesolony sa ITygH ‘salagelp pasoubelp ul (g€ 0=) utwngre
pa1eaA|b sA aulwesoldndy ‘(T°0=d) utwngje paredA|d sa ATyaqH ‘(91 0=anjen d) aulwesoloniy sn ITyyqH 104 Sa18qeIp pasoubelp ou Ul YH Ul Sadualajdip 40 158} ‘uoissalfial pajejaiun Ajbuiwass mc_wDu

SOI9GRIP UMM S[enpIAIpUL Ul (960°8= PUB 9%60'8>—0"L ‘%0'.>—0"9 ‘%0'9>) I0W/|OWW 9 PUE ‘[oW/|oWwW $9>—EG ‘[oW/|oWwW €6>—Z ‘[ow

/IowL Z7>pue ‘s3}age1p INOYNM S[eNPIAIpUL UT (%G9 PUE %G 9>=L'G ‘%, 'G>—0'G ‘%0"G>) [OW/|OWL 8= PUE ‘|OW/|OWW 8F>—6E ‘|OW/|OWW GE>—TE ‘|OW/|OWW TE> 0} puodsali0d satiofbisjed o._”dﬁIQ

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Diabetologia. Author manuscript; available in PMC 2022 February 01.



Page 19

Rooney et al.

(90°0=¢) utwnge pa1eaA|h sa asoan|b Bunsey ‘(Tz'0=¢) aulwesoloniy sa 8s0an|6 Bunsey ‘(2y"0=d) ITwaqH sA 8s0an|B Bunsey ‘saragelp pasoubelp ui (200 0=d) ulwnge payedA|d
sA 9509n16 Bunsey ‘(20 0=anjen d) auiwesolanly s 8s0an|6 Bunsey ‘(z1°0=anfend) ITwqH sA as0an|B Bunsey 1oy sa1agelp pasoubelp ou Ul YH Ul S8ouaIayIp JO 1s8] ‘uoissalfal parejalun AjBulwass Buisn

q

(z=v) stsquinu |fews 03 anp (Jp/Bw 02>) |/joww 0'y> 8509n|6 poo|q Bunses yum sslaqelp pasoubelp ou YIm S[enpiAipul mc_v:_oxm_w

(['34] auou ‘umouxun ‘[edo pue uinsui ‘Ajuo urnsul ‘Ajuo [elo) asn uolealpaw sa1dgelp + Z [9POIA :(Ajuo saiaqelp pasoubelp ul) € |9poIAl

uigojBowaey ‘asn uonedIpaWw Bullemo|

-pidi] ‘|0121s3]0Y2 [€10} “1AH ANLEQ.Z U1 | 09> H4O? 18 10U3} 3u1|ds) YD ‘8sN UONEDINAL UOISUBLIBAAYNUE ‘dd D10ISAS ‘|ING ‘SNTEIS BUIIULIP JUBLIND ‘SNiels BUIOWS 1UBLIND + T [9POIA 1 13POIN

211U80-808 ‘Xas ‘abe T [apOIN

(9e2'901) 85T | (19T'e60) 2T | (40d) T | (bS'T'88°0) LT'T - - - € 19O
(992 'vzT) 18T | (02T'00T) 0T | (40T | (ST '26°0) TC'T (e5'T'0L0)€0'T | (G2'T'88°0)G0T | (4a) T AL
@9z veD 18T | (c5T'680) 1T | (3od)T | (@8T'80D T | | zeT'290) 060 | (60T 220V 260 | (30u) T gt 1PN
4> €L €22 2L 0 T2€ T€Z sypeapu

00T €0€ 860T 692 66T 1812 8T u
6'22-TTT 0TI-€'8 78-S 7'6-9'C €ET-0'L 6'9-GG re-TY I/1oww ‘sbuey
TTIR TT1>-¢8 £8>GG G'G> 0/ 0'/>-9'S G'6>—0'% | I/1oww ‘A106a12 8509N|6 Bunse4

sajaqelp pasoubelq

gSa1aaeIp pasoubelp oN

Author Manuscript

snjess sisouBelp sajagelp 01 Bulpiodde saliobaed asoon|h poojq Bunsey 1oy (S|eAIBIUT 9oUSPIUOI %G6) SHH

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Diabetologia. Author manuscript; available in PMC 2022 February 01.



	Abstract
	Graphical Abstract
	Introduction
	Methods
	Study design
	Diabetes and glycaemic measurements
	Other measurements
	Outcome ascertainment

	Data analysis

	Results
	Older adults without diabetes
	Older adults with diabetes

	Discussion
	References
	Fig. 1
	Table 1
	Table 2
	Table 3

