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Risk of Macrovascular and Microvascular Disease
in Diabetes Diagnosed Using Oral Glucose
Tolerance Test With and Without Confirmation by
Hemoglobin Alc: The Whitehall II Cohort Study
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Martin J. Shipley, MSc; Naveed Sattar®, FMedSci; Mika Kiviméki2, FMedSci

BACKGROUND: It is unclear whether replacing oral glucose tolerance test (OGTT) with hemoglobin A1c (HbA1c) measurement
for diagnosing diabetes is justified. We aimed to assess the proportion of OGTT-diagnosed diabetes cases that can be
confirmed by HbA1c and to examine whether individuals with OGTT diagnosis but nondiagnostic HbA1c are at higher risk
of macrovascular and microvascular disease.

METHODS: Participants were 5773 men and women from the population-based Whitehall Il prospective cohort study in the
United Kingdom. New OGTT diabetes cases diagnosed in clinical examinations in 2002 to 2004 and 2007 to 2009 were
assessed for HbA1c confirmation (>6.5%) in these and subsequent clinical examinations in 2012 to 2013 and 2015 to
2016. All participants were followed up for major cardiovascular events through linkage to electronic health records until
2017 and for incident chronic kidney disease (estimated glomerular filtration rate <60 mL'min="-1.73 m=2) until the last
clinical examination. In analysis of vascular disease risk, new OGTT-diagnosed diabetes cases with and without diagnostic
HbA1c and preexisting diabetes cases were compared with diabetes-free participants.

RESULTS: Of the 378 (569.3%) participants with OGTT-diagnosed diabetes, 224 were confirmed by HbA1c during 4.1 years
(SD, 4.1 years) of follow-up. We recorded 942 cardiovascular events over 12.1 years. After adjustment for nonmodifiable risk
factors and compared with the 4997 diabetes-free participants, 371 participants with new HbA1c-confirmed diabetes and
405 participants with preexisting diabetes had increased risk of cardiovascular disease (hazard ratio, 1.53 [95% CI, 1.12—
2.10] and 1.85 [95% Cl, 1.560-2.28], respectively). The corresponding hazard ratios in the analysis of incident chronic kidney
disease (487 cases; follow-up, 6.6 years) were 1.69 (95% Cl, 1.09-2.62) for 282 participants with new HbA1c-confirmed
diabetes and 1.67 (95% Cl, 1.22-2.28) for 276 participants with preexisting diabetes. In both analyses, OGTT cases with
nondiagnostic HbA1c (n=149 and 107) had a risk (hazard ratio, 0.99-1.07) similar to that of the diabetes-free population.

CONCLUSIONS: More than 40% of OGTT-diagnosed diabetes cases were not confirmed by HbA1c during an extended follow-
up. However, because these individuals have a risk of cardiovascular disease and chronic kidney disease similar to that of the
diabetes-free population, replacement of OGTT with HbA1c-based diagnosis appears justified.
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Clinical Perspective

What Is New?

* In a population-based cohort study with 5-year
repeated oral glucose tolerance test (OGTT) and
hemoglobin Alc (HbA1c) measurements, only
59.3% of OGTT-diagnosed diabetes cases were
confirmed by HbA1c at the same or a subsequent
examination during a 4.1-year follow-up.

* Incident OGTT-diagnosed diabetes cases with
HbA1c confirmation and preexisting diabetes cases
had similarly increased risk of cardiovascular dis-
ease (hazard ratio, 1.53 and 1.85) and chronic kid-
ney disease (hazard ratio, 1.69 and 1.67), whereas
unconfirmed OGTT cases had a risk similar to that
of the diabetes-free population.

What Are the Clinical Implications?

* Because people with OGTT-diagnosed diabetes
without diagnostic HbA1c have a risk of cardiovas-
cular disease and chronic kidney disease similar to
that of the diabetes-free population, replacement
of OGTT with HbA1c-based diagnosis appears
justified.

* There seems to be no need to consider OGTT
when HbA1c and fasting glucose levels are appar-
ently inconclusive; fasting glucose tests are needed
only in exceptional circumstances in which HbA1c
results are likely to be unreliable.

* These findings lend confidence to the widespread
use of HbA1¢ for diagnosing diabetes in vast major-
ity of clinical settings.

Nonstandard Abbreviations and Acronyms

CHD coronary heart disease
CKD chronic kidney disease
CVD cardiovascular disease
eGFR estimated glomerular filtration rate

HbA1c hemoglobin Alc

HDL-C high-density lipoprotein cholesterol
HR hazard ratio

OGTT oral glucose tolerance test

fter hemoglobin Alc (HbA1c) was recom-
Amended by the International Expert Com-

mittee for the diagnosis of diabetes mellitus
in 2009,' several studies have highlighted the fact
that the overlap between cases diagnosed by the
gold standard oral glucose tolerance test (OGTT)
and by HbA1c is limited.?® The sensitivity of HbA1c
for detecting OGTT-diagnosed diabetes has ranged
widely across populations (17%-78%),%° although
it has been hypothesized that the overlap between
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OGTT-based and HbATlc-based diagnosis would
increase over time. This diagnostic variation and con-
cern not to increase diabetes prevalence substan-
tially underpin recommendations to confirm diabetes
status by repeating the same measurement on a dif-
ferent occasion."”

Unlike OGTT, measurement of HbA1lc does not
require fasting. For this and other reasons, HbA1c has
largely replaced OGTT in diabetes screening and diag-
nosis.” Few studies have repeat assessments of diabetes
status, but based on a single measurement, high levels
of both OGTT and HbA1c are associated with increased
risk of microvascular disorders such as retinopathy, neu-
ropathy, and diabetic kidney disease®'® With respect
to macrovascular outcomes, some studies suggest that
HbA1c predicts cardiovascular disease (CVD) events
even after adjustment for fasting or postload blood glu-
cose."'""® However, none of these studies directly answer
the pragmatic question of whether dropping OGTT from
the diagnostic repertoire would mean that clinicians lose
sight of a group of people with an elevated microvascular
and macrovascular risk.

To address uncertainties about the consequences
of moving from an OGTT/glucose-based diagnosis to
an HbA1c-based diagnosis of diabetes, we set out to
investigate the extent to which OGTT-diagnosed dia-
betes cases would be confirmed by HbA1c over time
and whether the risk of CVD and incident chronic kid-
ney disease (CKD) is elevated in people with OGTT-
diagnosed diabetes if their HbA1c values remain in the
nondiabetes range.

METHODS

Setting and Study Design
The Whitehall Il study is an occupational cohort study that
was initiated in 1985 and recruited 10308 participants
(3413 women) who were 35 to 55 years from 20 London-
based Civil Service departments.' The baseline visit (phase
1) included a clinical examination and a self-administered
questionnaire in 1985 to 1988 (response rate, 73%).
During follow-up, repeated clinical examinations (phases
3,6,7 9, 11,and 12in 1991-1994, 1997-1999, 2002-
2004, 2007-2009, 2012-2013, and 2015-2016) and
additional postal questionnaire-only phases (phases 2, 4,
6, and 8 in 1988-1990, 1995-1996, 2001, and 2006)
were performed. All participants without known diabetes
had a standardized 75-g OGTT at clinic phases 3 to 9, and
all participants had an HbA1c measurement at phases 7 to
12. This study was approved by University College London
Hospital Committee on the Ethics of Human Research
(reference 85/0938). Written informed consent from par-
ticipants and research ethics approvals were renewed at
each contact.

Study designs for the analyses are described in detail in
the Supplemental Methods and Figure 1. In brief, for con-
firmation of incident OGTT-diagnosed diabetes cases by
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Whitehall study phase

Clinic Survey
2002-2004 2006

Clinic Clinic Clinic
2007-2009 2012-2013 2015-2016

End of follow-up
31 Aug 2017

Assessment of diabetes status
OGTT

HbAlc

Known diabetes (self-report)

Ascertainment of vascular outcomes
Macrovascular (CYD/CHD)
Microvascular (low eGFR)

Analysis of OGTT confirmation
OGTT-diabetes

HbAlc confirmation
OGTT-diabetes

HbA1lc confirmation

Analysis of macrovascular risk
OGTT-diabetes

HbAlc confirmation

Known diabetes

No diabetes

Exclusion of baseline CVD/CHD
Incident CVD/CHD
OGTT-diabetes

HbAlc confirmation

Exclusion of baseline CVD/CHD
Incident CVD/CHD

Analysis of microvascular risk
OGTT-diabetes

HbAlc confirmation

Known diabetes

No diabetes

Exclusion of low baseline eGFR
Incident low eGFR
OGTT-diabetes

HbAlc confirmation

Exclusion of low baseline eGFR
Incident low eGFR

Figure 1. Study design including study-related procedures and follow-ups for different analyses.

In analyses of macrovascular and microvascular risk, no diabetes refers to participants without diabetes at baseline and follow-up; known diabetes
refers to diabetes cases who had diabetes diagnosed before attending baseline clinical examination; confirmed diabetes refers to oral glucose
tolerance test (OGTT)-diagnosed diabetes in study clinic that was confirmed by hemoglobin ATc (HbA1c) test in the same or subsequent clinical
examination; and unconfirmed diabetes refers to OGTT-diagnosed diabetes with normal HbA1c at baseline and follow-up. CHD indicates coronary
heart disease; CVD, cardiovascular disease; and eGFR, estimated glomerular filtration rate.

HbA1c, we followed incident OGTT-based diabetes cases
diagnosed at phases 7 or 9 until confirmation of diabetes
status by HbA1c, self-report of doctor diagnosis, or treat-
ment with antidiabetic medication. For analysis of CVD
and CKD risk by diabetes status, in addition to the above
incident diabetes cases, we followed up participants with
preexisting diabetes diagnosed before phase 7 and those
without diabetes diagnosis throughout the study. Follow-up
for CVD (the macrovascular outcome) through linked elec-
tronic records was until August 2017. We defined CKD (the

Circulation. 2022;146:995—-1005. DOI: 10.1161/CIRCULATIONAHA.122.059430

microvascular outcome) as estimated glomerular filtration
rate (eGFR) <60 mL'min~"1.73 m~ and extended follow-up
through phases 11 and 12.

Data, Materials, and Code Disclosure Statement
Data, protocols, and other metadata of the Whitehall Il study
are available to the scientific community through either the
Whitehall Il study data—sharing portal’® or the Dementias
Platform UK.'® The data that support the currently reported
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findings of this study are available from the corresponding
author on reasonable request.

Study Participants

Figure 2 shows a flowchart for the selection of participants for
analyses of HbA1c confirmation, CVD, and CKD. For confirma-
tion of incident OGTT-diagnosed cases by HbA1c, we included
378 of 386 (979%) individuals and followed them up for
4.1£4.1 years (meanxSD). For analysis of CVD, we included
5773 of the 6950 (83.1%) participants (known diabetes,
n=405; incident diabetes, n=371; no diabetes, n~=4997) and
followed them up for 12.1+3.3 years. For the analysis of CKD,
we included 4680 of 5449 (85.9%) participants (known dia-
betes, n=276; incident diabetes, n=282; no diabetes, n=4122)
and followed them up for 6.6+1.7 years.

Measurement of Diabetes-Related Traits and
Baseline Characteristics

Fasting and 2-hour postload venous blood samples were taken
during a 75-g OGTT according to standardized protocols, and
blood glucose was measured with the glucose oxidase method.
HbATc was measured on Tosoh G series analyzers using
high-performance liquid chromatography. Results are reported
as percentages according to National Glycohemoglobin
Standardization Program recommendation.'”

Known diabetes at phases 7 and 9 was defined as fast-
ing glucose =7.0 mmol/L (to convert to milligrams per deciliter,
multiply by 18) or a 2-hour postload glucose >11.1 mmol/L
during OGTT at phase 3, b, or 7 (the last for phase 9 diabetes
only) or the use of antidiabetic medication or report of doctor-
diagnosed diabetes at any screening or questionnaire phases
before phase 7 or 9 (phase 9 diabetes only)."®

Incident OGTT-based diabetes at baseline was diagnosed if
fasting glucose, postload glucose, or both were above the cut-
off at phase 7 or 9 and the participant had no known diabetes
at phase 7 or 9.

HbA1c-confirmed diabetes was defined if an incident
OGTT-diagnosed diabetes case had an HbA1c value >6.5%
at the time of or after the diagnosis by OGTT (81.7% of all
cases) or reported the use of antidiabetic medication or doc-
tor-diagnosed diabetes after the diagnosis by OGTT (18.3%).
The date of diabetes diagnosis was the date of the blood
draw for cases diagnosed by HbA1c in the clinical examina-
tion and the midpoint between the last visit before diagnosis
and the visit when the diagnosis outside the Whitehall clinic
was first reported.'”'°

The following baseline covariates were drawn from ques-
tionnaires or were measured during screening: age; sex;
ethnicity (Office for National Statistics 1991 census types);
occupational position (high: senior administrators; intermedi-
ate: executives, professionals, and technical staff; low: cleri-
cal and office support staff); smoking (current/past/never);
weight; height; systolic and diastolic blood pressures; total
cholesterol; triglycerides; high-density lipoprotein choles-
terol (HDL-C); and 10-year CVD and coronary heart disease
(CHD) risk (Framingham risk equation). Details are given in the
Supplemental Methods.2°

Prevalent CVD, defined as a CHD or stroke event that
had occurred before baseline examination, was ascertained
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through data linkage to records from the NHS Hospital
Episode Statistics database and the Office for National
Statistics registry.!

Ascertainment of Macrovascular and

Microvascular Outcomes

Ascertainment of CVD events and their dates was based on
data linkage to records from hospitalizations through the NHS
Hospital Episode Statistics database for nonfatal CVD as a
primary or secondary diagnosis and to the Office for National
Statistics death registry by use of the NHS identification
number. The main outcome for CVD was the first incident or
recurrent CVD event (main analysis) and the first incident or
recurrent CHD or incident CHD/CVD event (sensitivity analy-
ses) after baseline.?’

Serum creatinine was measured with a kinetic colori-
metric (Jaffe) method.??2 eGFR was calculated with the CKD
Epidemiology Collaboration creatinine equation based on sex,
age, race, and serum creatinine.?

Incident CKD was defined using data from a minimum of 2
repeated measurements of eGFR assuming a linear decline in
eGFR with age.?? Individuals with <2 eGFR measurements
and a baseline eGFR <60 mL:min~"1.73 m~2 were excluded.
We determined the slope (change in eGFR) and intercept
(eGFR at baseline) for each participant using least-squares
regression based on 2 to 3 eGFR measurements during follow-
up. From the slope and intercept, we determined the level of
eGFR at the end of follow-up. Incident CKD was indicated if an
eGFR <60 mL'min~"1.73 m™2 was reached during follow-up.
For sensitivity analysis, we defined CKD as an estimated eGFR
<45 mL'min™"1.73 m=2 or an actual eGFR<60 mL:min="1.73
m2 at phase 11 or 12 in participants with a baseline value
>60 mL'min="1.73 m=2 (based on either estimation or actual
value, respectively). Date of CKD diagnosis was defined as
the estimated date to a value <45 mL'min~"1.73 m= or the
time elapsed between baseline and the abnormal eGFR
measurement.

Statistical Analysis

To investigate factors associated with the confirmation of
OGTT-based incident diabetes by subsequent HbA1c mea-
surement among participants with OGTT-diagnosed diabe-
tes, we used Cox proportional hazard regression models with
HbA1c confirmation (yes versus no) as the outcome, a posi-
tive OGTT diagnosis as the predictor, and time from baseline to
confirmation or censoring as the underlying time. Hazard ratios
(HRs) were adjusted for age, sex, ethnicity, body mass index,
and HDL-C followed by fasting glucose at baseline. HRs for
continuous variables are provided both as per 1 unit and as per
1-SD increment. To be able to include participants diagnosed
by OGTT and HbA1c at the same time, follow-up time was set
at 1 day for these cases. For graphical representation, unad-
justed Kaplan-Meier survival curves were plotted.

For the analysis of factors associated with macrovascular
and microvascular diseases, we applied Cox proportional haz-
ard regression models with CVD or CKD as the outcome, diabe-
tes status (no diabetes, incident OGTT based diabetes, known
diabetes) as the predictor at baseline, confirmation status by
HbA1c as a time-varying covariate, and time from baseline to

Circulation. 2022;146:995-1005. DOI: 10.1161/CIRCULATIONAHA.122.059430
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A | Participants at phase 7 |
n= 6942

Exclusions:

Incident OGTT diabetes
n=209

. HbA1c unconfirmed .4
n=154

Participants at phase 7
or incident diabetes at phase 9
n=6950

Missing covariates

' Participants at phase 9 .
n=6755

_* no diabetes (n=5743/5228)
* known diabetes (n=355/645)
* missing diabetes data (n=659/705)

Incident OGTT diabetes
n=177

Incident OGTT diabetes
= Eligible for analysis

n=386 )
J Missing covariates
n=1
Incident OGTT diabetes
with full baseline data
n= 385
| Lost to follow-up
n=7
Final sample
n=378

HbALc confirmed |
n=224

Participants at phase 9
n=6755

Exclusions
-+ missing eGFR (n=689)
* eGFR<60 (n=617)

n=1138 |
Participants with eGFR 260
3 n= 5449
Participants with full baseline data
n=5812 _Missing covariates
n=200
Lost to follow-u '
- =39 P Participants with full baseline data
n=5249
Final sample _Lost to follow-up
n=5773 n= 569
Final sample
. : n= 4680
CVD event No CVD event
n=942 n=4831 | |
CKD event No CKD event
n= 487 n=4193

Figure 2. Flowchart for selection of participants for analyses of HbA1c confirmation (A), macrovascular disease (B), and
microvascular disease (C).

Covariates for analyses of hemoglobin A1c (HbA1c) confirmation (A): ethnicity, body mass index, high-density lipoprotein cholesterol (HDL-C),
and HbA1c. Covariates for analyses of macrovascular and microvascular disease (B and C): ethnicity, social position, smoking, total cholesterol,
HDL-C, systolic blood pressure, antihypertensive and lipid-lowering medication, and diabetes status. CKD indicates chronic kidney disease; CVD,
cardiovascular disease; eGFR; estimated glomerular filtration rate; and OGTT, oral glucose tolerance test.

diagnosis of CVD/CKD or censoring as the underlying time. group, and the follow-up after confirmation (or the whole fol-
This means that all follow-up until censoring or HbA1c assess- low-up time if the diagnosis is confirmed at the time of OGTT)
ment is counted for the OGTT diagnosis without confirmation is counted for the OGTT diagnosis confirmed by HbA1c group.

Circulation. 2022;146:995—-1005. DOI: 10.1161/CIRCULATIONAHA.122.059430 September 27,2022 999

(—]
=
o
—
==
—
=
m
ow
m
==
=
(]
==




=
]
=
==
L
7]
Ll
==
—l
=
=
=
o=
=]

Tabdk et al

HRs were first adjusted for age, sex, ethnicity, occupational
position, and prevalent CVD (model 1), followed by modifiable
cardiovascular risk factors (smoking, total cholesterol, HDL-C,
systolic blood pressure, and the use of lipid- and blood pres-
sure—lowering medication; model 2). We estimated excess risk
mediated by modifiable risk factors by calculating percentage
attenuation in model 1 f coefficient after inclusion of risk fac-
tors in model 2: Percentage of excess risk mediated by risk
factors=1 OOX(BModeI W_BModel Q)/(BModel 1)'

We calculated the 95% Cl around the percentage attenu-
ation by using a bootstrap method with 1000 resamplings in
Stata (version 15.1). For all Cox models, the proportionality
assumption was tested visually with Schoenfeld residuals.

To assess whether we accrued enough events for analyses
of CVD and CKD, we performed post hoc power calculations
based on the cumulative incidence of events in the nondiabetic
population and the number of OGTT-based diabetes cases with
and without HbA1c confirmation.?® Given a cumulative inci-
dence of 14.8% for CVD and 9.7% for CKD over the follow-
up in the control group and the number of participants in the
nondiabetic (n=4997 in CVD and n=4129 in CKD analysis),
confirmed diabetes (h=222 and n=175), and unconfirmed dia-
betes (n=149 and n=107) groups, we have 80% power with
an a of 0.05 to detect an HR of 1.5 among confirmed cases
and 1.6 among unconfirmed cases for CVD and 1.7 for con-
firmed and 1.9 for unconfirmed cases for CKD.

To investigate the robustness of our results, several sen-
sitivity analyses were performed that are reported in the
Supplemental Material (Table S2 and Figures S1-S3). First,
we investigated the association between diabetes status at
baseline and follow-up and alternative outcomes (new CHD,
incident CHD, incident CVD for macrovascular disease;
estimated eGFR <45 mL'min~"1.73 m™2, measured eGFR
<60 mLmin~"1.73 m=2 for CKD). Second, we excluded
diseases that could potentially affect the validity of HbA1c
measurements (ie, meaningfully alter HbA1c levels inde-
pendently of glycemia per se) and diseases that could lead
to increased vascular risk independently of glycemia. Thus,
we excluded participants with self-reported anemia (CVD/
CKD, n=78/71; International Classification of Diseases,
10th Revision codes D46*, D5*, and D61*—64*) and cases
of systemic autoimmune diseases (CYD/CKD, n=164/138;
codes M05*-M09*, M30*-M36") at baseline or during fol-
low-up for these analyses. Third, to eliminate potential effect
of baseline examinations spanning over phases 7 and 9 of
the study, we ran an analysis including only incident OGTT
cases diagnosed at phase 7.

Two-sided P values were used with an a level of 0.05 for
statistical significance. All statistical analyses were performed
with SPSS version 24 for Windows.

Patient and Public Involvement

Participants of the Whitehall Il study and members of the public
were not involved in setting the research question or the out-
come measures, nor were they involved in developing plans for
recruitment, design, or implementation of the study. We recog-
nize the importance of public involvement in instigating change
in policy and practice, but funding for these activities was not
available. All results are disseminated to study participants via
newsletters and our website, which has a participant portal,?”
and to a larger audience through media outreach.
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RESULTS

The HbATc values of OGTT-diagnosed cases ranged
from as low as 4.1% to 12.8% (mean, 6.4%), with a sub-
stantial proportion of HbA1c values below the diagnostic
cutoff for diabetes (Figure S1).

Cases with OGTT-diagnosed confirmed by HbATlc
were older and less frequently of White ethnicity; had
a lower occupational position and higher body mass
index, fasting and 2-hour glucose, and HbAlc; and
were more frequently diagnosed on the basis of both
high fasting and 2-hour glucose values. They also pre-
sented with a lower HDL-C level, a higher triglyceride
level, and a higher estimated 10-year cardiovascular
risk (all A<0.05). No differences in the sex distribution,
total cholesterol, estimated GFR, use of blood pressure—
and lipid-lowering medications, or prevalent CVD were
observed (all P>0.15; Table 1).

Of the 378 participants with incident OGTT-based
diabetes at phase 7 or 9, 160 (42.3%) had their diabe-
tes diagnosis confirmed by HbA1c at the same phase
and 224 (59.3%) at a subsequent phase. All but 1 par-
ticipant (n=64 of 65) with both an abnormal fasting and
2-hour glucose value had their diagnosis confirmed by
HbA1 ¢ during follow-up (HR for confirmation by HbA1c,
2.65 [95% ClI, 1.17-3.73]). In contrast, only half of the
313 participants with either high fasting or high 2-hour
glucose (but not both) met HbA1c-based diagnosis after
5.6 years (95% Cl, 4.4-6.7) and 7.7 years (95% Cl, 6.9~
8.4) of follow-up, respectively (Figure 3). When glycemia-
related variables (even including fasting glucose) were
controlled for, the number of abnormal glucose values
remained a predictor of diabetes confirmation by HbA1c
during follow-up (HR for confirmation by HbA1c, 2.00
[95% ClI, 1.34-2.97]; Table 2 and Table S1).

We observed an increasing trend from nondiabetic
through incident diabetes to known diabetes cases in
regard of age; proportion of non-White ethnicity, lower
occupational position, and current or past smoking; body
mass index; fasting glucose; HbA1c; triglycerides; use
of lipid- and blood pressure—lowering medication; fre-
quency of prevalent CVD; and 10-year CVD risk. We
also found an inverse trend for total cholesterol, HDL-C,
and systolic blood pressure in the CVD/CHD population
and diastolic blood pressure across these groups for the
CKD population. No clear association with sex or eGFR
was observed (Table 1).

Because of the important differences in baseline
vascular factors between diabetes groups, we inves-
tigated the association of diabetes status with risk
of vascular complications in 2 nested multivariable-
adjusted models (Figure 4). The first model, adjusted for
nonmodifiable risk factors, showed a 1.67- and 1.85-
fold increased risk of CVD and CKD for participants
with known diabetes, a 1.53 and 1.69-fold increased
risk for those with HbA1c-confirmed OGTT-diagnosed
diabetes (all A<0.05), but no increased risk in partici-

Circulation. 2022;146:995-1005. DOI: 10.1161/CIRCULATIONAHA.122.059430



Tabék et al Hba1c Confirmation and Vascular Risk in OGTT-Based Diabetes

Table 1. Baseline Characteristics of Participants With OGTT-Diagnosed Diabetes at Baseline by Confirmation Status Based on

Hba1c and Those Followed-Up for CVD and CKD Events by Diabetes Status at Baseline (=]

=

Newly diagnosed dia- Known diabetes at Newly diagnosed OGTT | Diabetes free during £

betes by OGTT baseline diabetes at baseline follow-up 2 E

—_

Uncon- =

firmed by | Confirmed E

HbA1c by HbA1c | Pvalue CVD CKD CVD CKD CVD CKD CVD CKD o

=

n 154 224 405 276 371 282 4997 4122 g
Age, meantSD, y 65.716.0 63.716.5 0.002 62.816.2 67.216.1 64.51+6.3 66.7+5.9 60.715.9 65.1+£5.7 <0.0001 | <0.0001

Male, n (%) 124 (80.5) | 169 (75.4) | 0.26 262 (64.7) | 177 (64.1) | 287 (77.4) 225 (79.8) | 3563 (71.3) | 3023 (73.3) | 0.56 0.37

White ethnicity, n (%) | 145 (94.2) | 187 (83.5) | <0.0001 307 (75.8) | 218 (79.0) | 326 (87.9) | 248(87.9) | 4713 (94.3) | 3918 (95.1) | <0.0001 | <0.0001

Occupational position, 0.006 <0.0001 | <0.0001
n (%)
High 65 (43.3) 95 (42.8) 118 (29.1) | 92(33.3) 159 (42.9) | 132(46.8) | 2413 (48.3) | 2112 (51.2)
Intermediate 77 (61.3) 92 (41.4) 205 (50.6) | 134 (48.6) | 167 (45.0) | 121 (42.9) | 2117 (42.4) | 1701 (41.3)
Low 8 (5.3) 35 (15.8) 82(20.2) | 50(18.1) | 45(12.1) 29 (10.3) | 467 (9.3) 309 (7.9)
Smoking, n (%) 0.17 0.014 0.036
Never 79 (52.3) 95 (42.6) 173 (42.7) | 117 (42.4) | 172 (46.4) | 135 (47.9) | 2479 (49.6) | 2052 (49.8)
Past 64 (42.4) 112 (50.2) 195 (48.1) | 142 (51.4) | 176 (47.4) 134 (47.5) | 2125 (42.5) | 1869 (45.3)
Current 8 (5.3) 16 (7.2) 37 (9.1) 17 (6.2) 23 (6.2) 13 (4.6) 393 (7.9) 201 (4.9)
Body mass index, 25.914.1 29.714.9 <0.0001 28.315.0 28.2+5.0 28.2+5.0 27.715.0 26.3+4.3 26.2+4.1 <0.0001 | <0.0001
mean+SD, kg/m?
Fasting glucose, 5.6+1.0 7.3+2.2 <0.0001 7.81+3.6 75+3.2 6.6+£2.0 6.3+2.0 5.2+0.50 5.1+0.5 <0.0001 | <0.0001
meanxSD, mmol/L
2-h Glucose, 11.7+£2.0 13.1+3.4 <0.0001 NA NA 12.5%3.0 12.2+2.7 6.2+1.5 6.3+1.6
mean=SD, mmol/L
HbA1c, meantSD, % | 5.7+0.4 6.91+1.3 <0.0001 6.91+1.3 6.8+1.2 6.411.2 6.4%+1.0 5.710.3 5.6+0.3 <0.0001 | <0.0001
Basis of OGTT diag- <0.0001
nosis, n (%)
Fasting glucose 28 (18.2) 52 (23.2)
2-h glucose 125 (81.2) | 108 (48.2)
Both fasting and 1 (0.6) 64 (28.6)
2-h glucose
Total cholesterol, 5.5%1.1 5.5%1.0 0.88 5.2+1.1 45+1.0 5.5+1.1 4.9+1.1 5.8+1.0 5.3+1.0 <0.0001 | <0.0001
mean+SD, mmol/L
HDL-C, meantSD, 1.6+£0.4 1.41+0.4 <0.0001 1.41£0.4 1.5+0.4 1.5+0.4 1.5+0.4 1.610.5 1.6+0.5 <0.0001 | <0.0001
mmol/L
Triglycerides, 1.44+0.8 1.7+£1.0 <0.0001 1.8+1.2 1.6£1.0 1.6£0.9 1.5+£0.9 1.3+0.8 1.2+0.6 <0.0001 | <0.0001
meanxSD, mmol/L
Use of lipid-lowering 42 (27.3) 65 (29.0) 0.73 139 (34.3) | 180 (65.2) | 108 (29.1) | 143 (50.7) | 421 (8.4) 1120 (27.2) | <0.0001 | <0.0001
medication, n (%)
Systolic blood pressure, | 130+£18 134+18 0.058 131+18 125%15 132+18 130%17 127+16 124+16 <0.0001 | 0.55
meantSD, mmHg
Diastolic blood pres- 7311 77111 0.001 74+10 6819 75%11 72+11 74+10 7110 0.46 <0.0001
sure, meanxSD,
mmHg
Use of blood pres- 63 (40.9) 95 (42.4) 0.83 203 (50.1) | 165 (59.8) | 158 (42.6) | 149 (52.8) | 1003 (20.1) | 1201 (29.1) | <0.0001 | <0.0001
sure—lowering medica-
tion, n (%)
eGFR, meanSD, 77.7t14.6 76.56+15.9 | 0.5 76.9+19.0 | 76.8+17.6 | 76.9+15.5 | 78.2+14.9 | 78.1£15.1 78.6+14.8 0.17 0.057

mL-min~"-1.73 m™2

Prevalent CVD, n (%) | 10 (6.5) 15 (6.7) 1 35 (8.6) 32(11.6) 24 (6.5) 25 (8.9) 128 (2.6) 225 (5.5) <0.0001 | <0.0001

Framingham 10-y CVD | 20.8+11.0 | 26.9+14.5 | <0.0001 24.8+14.1 | 23.5+13.0 | 24.6+£13.7 | 23.5+13.1 | 14.318.8 15.1+8.7 <0.0001 | <0.0001
risk, mean+SD, %

Pvalues were calculated from 2-sample ttests for continuous and y” tests for categorical variables. P, values were calculated with 1-way ANOVA for continuous variables and
the Somer d test for categorical variables. To convert glucose to milligrams per deciliter, multiply by 18.0; to convert total and HDL-C to milligrams per deciliter, multiply by 38.6;
to convert triglycerides to milligrams per deciliter, multiply by 88.5. CKD indicates chronic kidney disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate;

HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; NA, not applicable; and OGTT, oral glucose tolerance test.
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1.0 Unadjusted hazard ratio for confirmation by HbAlc
2-hour glucose vs. fasting glucose:
2 hour and fasting glucose vs. fasting glucose 2.55 (95%Cl: 1.75-3.73

0.67 (95%Cl: 0.48-0.94

2-hour glucose

-

-é P<0.0001 by log-rank test
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Number at risk
Fasting glucose 80 45
2-hour glucose 233 165
Both fasting and 2-hour glucose 65 8
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26 19 11 1
112 52 21 5
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Figure 3. Kaplan-Meier estimates for HbA1c confirmation of OGTT-diagnosed diabetes by type of abnormal glucose value

(fasting vs 2-hour vs both).
HbA1c indicates hemoglobin Atc.

pants with OGTT-diagnosed diabetes not confirmed by
HbA1c. After further adjustment for modifiable vascular
risk factors, a substantial attenuation of the HRs for
both known diabetes and HbA1c-confirmed incident
diabetes was observed, suggesting that a significant
part of the excess risk was attributable to modifiable
vascular risk factors.

Sensitivity analyses with new and incident CHD
and incident CVD and CKD events as the outcomes
largely confirmed the main analysis by showing a 1.9

to 2.1 times increased risk in people with known dia-
betes and a 1.4 to 3.1 times increased risk in people
with HbA1c-confirmed diabetes in models adjusted for
nonmodifiable vascular risk factors, whereas uncon-
firmed OGTT-based cases had a risk similar to that in
the nondiabetic population (Figure S1). The exclusion
of self-reported anemia or systemic autoimmune dis-
eases had no clear effect on the risk associated with
diabetes status (Figure S2). The exclusion of incident
OGTT diabetes cases at phase 9 limited statistical

Table 2. Cox Proportional Hazard Models for Confirmation of OGTT-Based Diabetes Diagnosis by

HbA1c Test During Follow-Up

1002 September 27, 2022

HR (95% CI) for HbA1c-confirmed diabetes diagnosis
Model 0 Model 1 Model 2
Age, y 1.01 (0.99-1.03) 1.01 (0.99-1.03)
Male 0.89 (0.62-1.28) 0.92 (0.64-1.30)
White ethnicity 0.66 (0.45-0.96) 0.66 (0.46-0.97)
Body mass index, kg/m? 1.06 (1.04-1.09) 1.06 (1.04-1.09)
HDL-C, mmol/Il 0.61 (0.40-0.93) 0.63 (0.41-0.95)
OGTT diagnosis based on
Fasting glucose 1 (Ref) 1 (Ref) 1 (Ref)
2-h Glucose 0.67 (0.48-0.94) 0.84 (0.59-1.19) 1.18 (0.80-1.74)
Both fasting and 2-h glucose 2.55 (1.75-3.73) 2.34 (1.59-3.44) 2.00 (1.34-2.97)
Fasting glucose, mmol/L 1.16 (1.08-1.24)

Pvalue is from the likelihood ratio test comparing the goodness of fit of the actual model with the previous model. Case numbers:
224 HbA1c-confirmed diabetes cases and 378 OGTT-diagnosed diabetes cases. HbA1c indicates hemoglobin A1c; HDL-C, high-

density lipoprotein cholesterol; HR, hazard ratio; OGTT, oral glucose tolerance test; and Ref, referent.

Circulation. 2022;146:995-1005. DOI: 10.1161/CIRCULATIONAHA.122.059430



Tabdk et al

Hba1c Confirmation and Vascular Risk in OGTT-Based Diabetes

Hazard ratio (95% Cl) Excess risk (95% Cl) mediated

Diabetes status at baseline* N (total) N (cases) Model 11 Model 2t Model 2% by risk factors (%)4]
QOutcome: Cardiovascular disease at follow-up
No diabetes 4997 738 [ ] 1.00 (reference) 1.00 (reference)
Known diabetes 405 129 —— 1.85 (1.50t0 2.28) 1.35 (1.08 to 1.68) 53(33t0 87)
OGTT diagnosed diabetes confirmed by HbA1c 222 51 —a— 1.53(1.12t0 2.30) 1.15(0.83t0 1.58) 67 (34 to 280)
OGTT diagnosed diabetes with non-diagnostic HbA1c149 24 —— 0.99(0.68t0 1.43) 0.81(0.56t01.18) NA
Outcome: Chronic kidney disease at follow-up
No diabetes 4129 401 | 1.00 (reference) 1.00 (reference)
Known diabetes 276 48 —— 1.67 (1.22t0 2.28) 1.45 (1.04 t0 2.00) 28 (610 86)
OGTT diagnosed diabetes confirmed by HbA1c 175 25 —_— 1.69(1.09t0 2.62) 1.39 (0.89 to 2.16) 37 (-28 10 243)
OGTT diagnosed diabetes with non-diagnostic HbA1c1o07 13 — 1.07 (0.65 t0 1.76) 0.96 (0.58 10 1.60) NA

0.5 1 2 4

Figure 4. HRs for new-onset CVD and incident CKD according to diabetes status at baseline.

“No diabetes refers to participants without diabetes at baseline and follow-up. Known diabetes refers to diabetes cases who had diabetes
diagnosed before attending baseline clinical examination. Oral glucose tolerance test (OGTT)-diagnosed diabetes refers to OGTT-diagnosed
diabetes at study clinic either confirmed or not confirmed by hemoglobin A1C test in the same or subsequent clinical examination. tModel

1: adjusted for age, sex, ethnicity, occupational position, and prevalent cardiovascular disease (CVD) at baseline. #Model 2: as model 1 but
additionally adjusted for smoking, total cholesterol, high-density lipoprotein cholesterol, systolic blood pressure, and use of antihypertensive and
lipid-lowering medication. f|Excess risk mediated by modifiable risk factors listed in Model 2. CKD indicates chronic kidney disease; HR, hazard

ratio; and NA, not applicable.

power but had no effect on point estimates (Table S2
and Figure S3).

DISCUSSION

In the British Whitehall Il cohort study, we confirmed the
limited cross-sectional overlap between OGTT-based
and HbA1c-based diagnoses and found that this re-
mained the case during a mean follow-up of 4.1 years.
Only half of people with either abnormal fasting or 2-hour
glucose value in OGTT but practically all with both values
abnormal met HbA1c criteria for diabetes during follow-
up. People with an HbA1c-confirmed diabetes diagnosis
had an increased risk of CVD and incident CKD, whereas
OGTT-only diabetes cases had a disease risk similar to
that of those without diabetes in analyses adjusted for
age, sex, ethnicity, and social position.

Strengths and Weaknesses of the Study

Our study has limitations. First, OGTT and the measure-
ment of HbA1c were not performed at entry to the White-
hall Il study. Thus, the baseline for the current analyses
was at subsequent clinical examinations when, inevitably,
some sample attrition had already occurred. Furthermore,
the diagnosis of diabetes was based on only 1 OGTT or
HbA1c test, whereas guidelines recommend repeating
the abnormal test before diagnosis."” Only =70% of diabe-
tes cases from a single test can be confirmed by a second
fasting or postload glucose,?® but the much lower coef-
ficient of variation for HbA1c implies that this percentage
is higher for a single HbA1c test?® Second, the partici-
pants were from an occupational cohort, with two-third of
participants being men. It is unclear whether our findings
are generalizable to the general population, ethnic minority

Circulation. 2022;146:995—-1005. DOI: 10.1161/CIRCULATIONAHA.122.059430

groups, and women. However, although the healthy worker
effect could bias absolute risks, validation studies suggest
that relative risks are similar to those found in population-
based studies? CVD outcomes were ascertained with
national registry linkage to hospitalization records, which
may be prone to ascertainment and other types of bias.
There is little reason, however, to assume that ascertain-
ment would be different for people with and without con-
firmed diabetes. We estimated the date of CKD diagnosis
on the unproven assumption that there is linear decrease
in eGFR over time.2*? However, sensitivity analyses based
on actual measures of eGFR replicated the main findings.
Because no eGFR measurement was done at phase 7 of
the study, we had a shorter follow-up time for the CKD
analysis, leading to wider Cls around the estimates.

The strengths of our study include the use of gold stan-
dard methods for OGTT and HbA1c measurements. Blood
draws and OGTTs were performed according to standard-
ized operating procedures to minimize both preanalytical
and analytical variation, and all HbA1c measurements
were standardized to the Diabetes Control and Compli-
cations Trial method.'” The robustness of our findings is
further supported by the unequivocal results of our main
and several sensitivity analyses. This study may be the
largest study available with repeated and simultaneous
measures of both OGTT and HbA1c levels and vascular
outcomes with a relatively long follow-up. The frequency
of blood draws (35 years) is similar to that recommended
by clinical guidelines for average-risk people, making our
results directly relevant for clinical practice.'® Given the
decreasing use of OGTT in clinical practice and research
studies (except for the diagnosis of gestational diabetes),
few future studies will have adequate data to address
these clinically relevant questions, including those related
to microvascular complications.
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Strengths and Weaknesses in Relation to Other
Studies

Although there is a substantial body of research on
cross-sectional overlap between diabetes diagnostic
methods, surprisingly little evidence is available on the
convergence of these methods over time.8%'=32 |f base-
line OGTT is treated as the test under investigation and
HbA1c as the gold standard, then the rate at which in-
cident diagnosis is confirmed reflects the positive pre-
dictive value of the baseline test; it was only 59% over
the mean 4-year follow-up. This agrees with the findings
from the Atherosclerosis Risk in Communities study.®

Given the uncertainty of the diagnosis based on a
single abnormal value, it has been suggested that dia-
betes is overdiagnosed and thus the frequency of undi-
agnosed diabetes may actually be lower than previously
thought3'#* Because of its much lower coefficient of
variation, the use of HbA1c could potentially reduce the
rate of false positives."™® Given the strong association
between HbA1c levels and the risk of clinically diag-
nosed diabetes, our findings support the hypothesis that
during an extended follow-up, most high-risk people will
be diagnosed with diabetes using HbA1c.3?

Several studies of macrovascular disease suggest
that high fasting glucose, postload glucose, and HbA1c
are all associated with increased risk of CVD and CHD
events,""""3%57 put in direct comparisons, HbAlc
appears to be the strongest predictor.''2%%¢ In addition,
there are at least 2 studies in which HbA1c remained a
predictor of macrovascular events after adjustment for
glucose values.'>'® These observations are consistent
with our finding suggesting increased risk of macrovas-
cular complications for OGTT-diagnosed diabetes in the
presence but not absence of elevated HbA1c values.

Evidence suggests that all glycemic measures (fast-
ing and postload glucose and HbA1c) mark an increased
risk of diabetic retinopathy and nephropathy-'© How-
ever, it is not clear which of the measures is the strongest
predictor and whether there is a threshold on the scale of
glycemia that is predictive of these complications.& %7
Our findings favor HbA1c in analysis of 1 microvascular
end point, CKD, the most commonly assessed microvas-
cular event.

The International Expert Committee has based its cri-
teria of diabetes diagnosis on the risk of long-term com-
plications such as diabetic retinopathy." OGTT used to be
the gold standard for diagnosis, but our findings, in com-
bination with the above-described equivocal evidence,
suggest that OGTT is not superior to HbA1c. Given
the emphasis of current guidelines on cardiometabolic
screening, HbA1c rather than OGTT will be the dominant
test for diabetes in the future. It is important to clarify
whether high-risk people are lost with this shift in diag-
nostic criteria. Our study suggests that the OGTT-posi-
tive—only group has a risk of major CVD and CKD similar
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to that of the nondiabetic population. This should be reas-
suring to clinicians using HbA1c for diabetes diagnosis.

Conclusions

These findings suggest that pickup of CVD and CKD risk
is not harmed but rather improved by the preferential use
of HbA1c for the diagnosis of diabetes. Therefore, there
appears no need to consider OGTT when HbAlc lev-
els or fasting glucose levels are inconclusive, as stated
in recent guidelines.*® Fasting glucose tests are needed
only in exceptional circumstances when HbA1c results
are likely to be unreliable."'”
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