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Abstract
Aims/hypothesis  Clinical trial participation should theoretically reduce barriers to care by ensuring medication and 
healthcare access. We aimed to evaluate disparities in achieving diabetes treatment targets by race/ethnicity and edu-
cational attainment within the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial (ClinicalTrials.gov 
NCT00000620).
Methods  The ACCORD trial included three interventions of varying participant burden: glycaemic (high burden), blood 
pressure (medium burden) and triglyceride-lowering (low burden). We examined adjusted odds ratios (aORs) for achievement 
of glycaemic targets, blood pressure targets and a ≥25% reduction in triglyceride levels (a proxy for adherence to fenofibrate 
therapy) in the first year, and for hypoglycaemia requiring medical assistance at any time, by treatment arm, race/ethnicity 
and educational attainment using multivariable models adjusted for demographics and clinical characteristics. We explored 
whether disparities in glycaemic goal achievement were mediated by hypoglycaemia, medication use, change in BMI or 
number of study visits attended.
Results  Compared with White participants, participants who identified as Black, Hispanic and Other race/ethnicity were 
less likely to achieve glycaemic targets (aOR [95% CI]) 0.63 [0.55,0.71], 0.73 [0.61, 0.88], 0.82 [0.71, 0.96], respectively); 
Black participants but not Hispanic and Other race/ethnicity participants were less likely to achieve blood pressure targets 
(aOR [95% CI] 0.77 [0.65, 0.90], 1.01 [0.78, 1.32], 1.01 [0.81, 1.26], respectively); and Black, Hispanic and Other race/
ethnicity participants were equally or more likely to achieve triglyceride reduction (aOR [95% CI] 1.77 [1.38, 2.28], 1.34 
[0.98, 1.84], 1.43 [1.10, 1.85], respectively). Differences in goal achievement by educational attainment were generally not 
significant after adjusting for baseline characteristics. Rates of hypoglycaemia requiring medical assistance were highest 
among Black individuals and those with lower educational attainment. Associations between race/ethnicity and glycaemic 
control were partially mediated by differences in insulin dosing and oral medication use.
Conclusions/interpretation  Racially/ethnically minoritised participants in the ACCORD trial were less likely to achieve 
high-burden (glycaemic) treatment goals but were generally similarly likely to achieve goals of less intensive interventions. 
Differences in glycaemic treatment goal achievement were partially mediated by differences in medication use but not medi-
ated by hypoglycaemia, change in BMI or study visit attendance.

Keywords  Clinical trial · Glycaemic control · Health disparities · Mediation analysis · Race/ethnicity · Socioeconomic 
status · Type 2 diabetes
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Introduction

The outpatient management of diabetes has centred on 
achievement of the ‘ABCs’—glycaemic (HbA1c), blood 
pressure and cholesterol targets—to reduce the risk of 
microvascular and macrovascular complications. Dis-
parities are widely documented in usual care for type 2 
diabetes, with higher rates of diabetes incidence and com-
plications and lower rates of treatment target achievement 
and novel therapy use among racial/ethnically minoritised 
and socioeconomically disadvantaged individuals [1–11].

Although disparities in clinical trial enrolment are well 
known [12–15], in theory, some disparities should be miti-
gated within trials in which medications are provided free of 
charge to all participants, with equivalent access to health-
care personnel dedicated to ensuring that all participants 
receive optimal care and adhere to trial protocols. It is not 
known whether differences in the many other contextual fac-
tors that contribute to health outcomes, including socioeco-
nomic status, environmental injustice and exposure to sys-
temic and interpersonal racism, lead to persistent disparities 
in outcomes for the condition under study even within a trial. 
Thus, evaluating disparities within a clinical trial provides an 
experimental model in which access to healthcare and treat-
ment for the condition under study are more equal than in 

usual care, reducing access-related disparities in outcomes, 
thereby allowing for evaluation of the effects of other social 
determinants of health in relative isolation.

In addition, clinical trials can be helpful to probe the lim-
its of clinical care. Participants enrolled in trials are often 
younger, healthier and possibly more health conscious than 
the overall population [16–19], and the care they receive 
within a trial is generally similar or superior to care delivered 
outside the trial setting, with frequent check-ins, proactive 
follow-up associated with higher rates of medication adher-
ence, the use of guideline-directed recommendations and 
relatively easy access to clinicians [20–22]. Therefore, the 
outcomes achieved within some clinical trials may be viewed 
as a treatment ceiling, that is, the outcomes achievable under 
the best and most supportive circumstances.

The Action to Control Cardiovascular Risk in Diabetes 
(ACCORD) trial (ClinicalTrials.gov NCT00000620) may 
be used as a model to approximate optimal clinical care. 
ACCORD was a National Heart, Lung, and Blood Institute 
(NHLBI)-sponsored, large multicentre trial that enrolled par-
ticipants from 2001 to 2005 and assessed the effect of inten-
sive vs standard glycaemic, blood pressure and triglyceride 
targets on cardiovascular disease outcomes in adults with type 
2 diabetes. The trial design was factorial: all participants were 
assigned to either intensive (HbA1c <42.1 mmol/mol [6.0%]) 
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or standard (HbA1c 53.0–62.8 mmol/mol [7.0–7.9%]) glycae-
mic goals, slightly less than half were assigned to intensive 
(systolic blood pressure [SBP] <120mmHg) or standard (SBP 
<140mmHg) blood pressure targets, and the remainder were 
assigned to use of fenofibrate or placebo in addition to back-
ground statin therapy. Evidence-based treatment algorithms 
and medications were provided through the trial, and study 
investigators were encouraged to use any clinically available 
treatment to achieve trial targets. Because ACCORD enrolled 
a diverse population with type 2 diabetes, provided very fre-
quent interactions with clinical research teams (3–12 visits 
annually) and compared treatment targets rather than treat-
ment methodologies, it provides an ideal model in which to 
study (1) disparities and (2) the limits of achievable glycaemic 
and blood pressure control.

Here, we report a stratified analysis of ACCORD in which 
we tested for differences in rates of arm-specific goal achieve-
ment by race/ethnicity and by educational attainment. We 
hypothesised that disparities would persist even within the 
clinical trial setting and would be greatest for highly inten-
sive interventions (e.g. the glycaemic interventions) and least 
for minimally intensive interventions (e.g. use of fenofibrate 
or placebo). Additionally, we explored the inability of many 
participants to achieve treatment goals even within a clinical 
trial and the factors that may prevent goal achievement.

Methods

Data source and participants  The ACCORD trial recruited 
10,251 adults with uncontrolled type 2 diabetes who were 
either between the ages of 40 and 79 years with prevalent 
CVD or between the ages of 55 and 79 years with risk fac-
tors for CVD; who did not have a BMI > 45 kg/m2, advanced 
kidney disease or other serious illness or who had not expe-
rienced any recent serious hypoglycaemic events; and who 
resided in either the USA or Canada. The recruited study 
population was largely representative of the older adult US 
population with diabetes at the time of recruitment, with the 
exceptions of over-representation of men (due to recruitment 
from VA sites), under-representation of individuals without 
a high school degree and over-representation of individuals 
with a college degree [23]. These participants were then ran-
domly assigned to intensive or standard glycaemic treatment 
goals; 4733 participants were also assigned to the blood 
pressure trial and 5518 were assigned to the lipid trial. For 
this analysis, we used deidentified datasets obtained from 
the NHLBI Biologic Specimen and Data Repository Infor-
mation Coordinating Center (BioLINCC). The study was 
deemed exempt from review by the Mass General Brigham 
Institutional Review Board (protocol no. 2019P003795).
The treatment protocols used in the ACCORD trial have 
been described previously [24–27]. In brief, individuals 

in the intensive glycaemic control arm initiated at least 
two classes of medications, with dose intensification or 
addition of a new medication class monthly, aiming for 
HbA1c <42.1 mmol/mol (6.0%), with de-escalation only in 
the setting of adverse effects. After reaching the goal, vis-
its decreased to once every 2 months with interim phone 
calls between visits. Participants in the intensive glycae-
mic arm were instructed to monitor their blood glucose 
levels twice daily if at goal and four times daily if not at 
goal, with self-titration protocols employed to allow vari-
able mealtime dosing and overall dose adjustment every 
4 days. Individuals in the standard glycaemic control arm 
received physician-led treatment escalation or de-escala-
tion to maintain HbA1c at approximately 53.0–62.8 mmol/
mol (7.0–7.9%), with visits every 2–4 months. Participants 
in this arm were instructed to monitor their blood glu-
cose levels approximately once per day, with self-titration 
used only to prevent hypoglycaemia. Participants in the 
blood pressure trial were seen every 2–4 months, depend-
ing on treatment arm, and received medication titration 
to achieve blood pressure goals, de-escalating only in the 
setting of adverse effects. Participants in the lipid trial 
received either fenofibrate or placebo, added to a back-
ground of universal statin use. Medications for glycaemic, 
blood pressure and lipid management and glucose moni-
toring supplies were provided by the trial, and study teams 
actively managed these conditions throughout the course 
of the trial at no cost to the participants.

In this analysis, we included all ACCORD participants for 
whom data on both race/ethnicity and educational attainment 
were available (n=10,244). All participants were included in 
the analyses of glycaemic goal achievement, participants in 
the blood pressure trial were considered in the analyses of 
SBP goal achievement, and only those randomly assigned 
to receive fenofibrate were included in the analyses of the 
lipid trial (as there was no proxy measure for medication 
adherence in those randomly assigned to the placebo group 
in the lipid trial).

Exposures, outcomes and covariates  The primary exposures in 
this analysis were (1) race/ethnicity, based on self-report and 
categorised as White, Black, Hispanic or Other in trial docu-
mentation, and (2) highest level of educational attainment, cat-
egorised as less than high school, high school diploma, some 
college education or a college degree. ‘Other’ race or ethnicity 
included individuals who self-reported as American Indian/
Alaska Native, First Nation (Aboriginal Canadian), Asian, 
Native Hawaiian/Other, Pacific Islander, French Canadian or 
Other. These categories were combined prior to inclusion of 
the dataset in the NHLBI BioLINCC data repository.

The primary outcomes of this analysis were achievement 
of the respective goals of each intervention 12 months fol-
lowing trial entry. The 12 month time point was chosen to 
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allow time for titration of glycaemic and blood pressure 
medications, because both the standard and the intensive 
arms had reached glycaemic plateaus at this time point, and 
because the retention rate at this time was high, minimising 
bias related to differential follow-up by race/ethnicity [25]. 
For the glycaemic intervention, achievement was considered 
having an HbA1c level ≤42.1 mmol/mol (6.0%) in the inten-
sive arm or ≤62.8 mmol/mol (7.9%) in the standard arm. 
For the blood pressure intervention, achievement was con-
sidered having an SBP <120 mmHg in the intensive arm or 
<140 mmHg in the standard arm. For the lipid intervention, 
achievement was considered as having a ≥25% reduction in 
triglyceride levels, a proxy measure of fenofibrate adherence 
based on anticipated changes in lipid profile with fenofibrate 
use [28–30]. Absolute changes in HbA1c, SBP and triglycer-
ide levels were examined as secondary outcomes. Finally, a 
safety measure, time to first hypoglycaemic event requiring 
medical assistance, was analysed as a secondary outcome.

Key covariates in the glycaemic, blood pressure and lipid 
analyses included age, self-reported sex, years since dia-
betes diagnosis, baseline laboratory or vital measurements 
(HbA1c, SBP or triglycerides, respectively), baseline medi-
cation use (insulin use, number of blood pressure medica-
tions and statin use, respectively) and pre-existing cardio-
vascular disease.

Statistical analysis  Baseline characteristics are reported as 
means and SDs for continuous measurements and as number 
and proportion for categorical measurements. Differences 
between self-reported race/ethnicity and educational attain-
ment groups were assessed using ANOVA for continuous 
variables and χ2 tests for categorical variables.

Because of high rates of missing outcome data at 12 months 
(14.5% for HbA1c, 7.4% for SBP and 6.3% for triglycerides) 
and differential missingness by race/ethnicity and by educa-
tional attainment (electronic supplementary material [ESM] 
Table 1), treatment goal achievement was evaluated follow-
ing several different assumptions about missing data. In the 
primary analysis, a simple imputation approach was used: if 
HbA1c (or SBP) measurement at 12 months was missing, the 
mean of the 8 and 16 month measurements was imputed as the 
12 month value. As triglycerides were only checked annually, 
if the value was missing at 12 months, the 24 month value was 
used as the 12 month value. Individuals whose data could not 
be imputed (<6% for each outcome) were excluded.

We assessed unadjusted differences in rates of treat-
ment goal achievement by treatment arm and by (1) race/
ethnicity and (2) educational attainment using χ2 tests, and 
changes in HbA1c, SBP and triglycerides using ANOVA. 
We next examined the association between exposures and 
binary treatment goal achievement in multivariable logistic 
regression models, initially in (1) ‘base models’ adjusted 
for age, sex and treatment arm, and then in (2) ‘full models’ 

additionally adjusted for diabetes duration, outcome-specific 
disease control (baseline HbA1c, SBP or triglyceride levels, 
respectively), outcome-specific medication use (baseline use 
of insulin, number of blood pressure medications and use of 
statins, respectively) and pre-existing cardiovascular disease, 
(3) full models additionally adjusted for BMI, (4) interaction 
models including all covariates adjusted for in full models, 
as well as interactions between exposure (race/ethnicity or 
educational attainment, respectively) and trial arm and (5) 
a single combined model including both race/ethnicity and 
educational attainment and all covariates included in the 
full models. Finally, we examined whether the following 
variables mediated the association between race/ethnicity 
and glycaemic goal achievement using structural equation 
modelling (ESM Fig. 1) [31]: (1) number of documented 
hypoglycaemic events in the first year, (2) change in total 
daily dose of insulin in the first year, (3) total number of 
non-insulin diabetes medications used at the end of the first 
year, (4) change in BMI during the first year and (5) number 
of visits attended during the first year.

Five sensitivity analyses, using different methods to 
account for missing outcome data, were performed to exam-
ine the association of the exposures with the outcomes under 
different assumptions. These sensitivity analyses included 
outcome definitions based on (1) goal achievement at any 
time in the first year; (2) inverse probability weighting to 
adjust for factors potentially related to missingness [32]; and 
simple imputations testing the assumption that data were 
missing not at random, including (3) the primary analysis 
imputation with the assumption that all whose data could not 
be imputed did not meet goals and (4 and 5) ‘worst case’ and 
‘best case’ scenarios assuming that all individuals with miss-
ing data either did not or did meet treatment goals, respec-
tively (see ESM Methods for details) [33].

Finally, we examined the association between exposures 
and time to a first hypoglycaemic event requiring medical 
assistance using Cox proportional hazards models adjusted 
for age, sex, treatment arm, diabetes duration, baseline 
insulin use, baseline HbA1c and pre-existing cardiovascular 
disease.

All analyses were performed using R version 4.0.2 (R 
Core Team; Vienna, Austria).

Results

Baseline characteristics  The baseline characteristics of 
ACCORD participants have been previously reported [25]. 
In brief, of the 10,244 participants included in this analy-
sis, the mean age was 62.8 years, 39% were female, 62.4% 
reported White race/ethnicity (vs 19.0%, 7.2% and 11.4% 
reporting Black, Hispanic and Other, respectively) and 
26.0% had a college degree (vs 14.8%, 26.4% and 32.8% 
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having less than a high school diploma, a high school 
diploma or some college education, respectively). There 
were differences in baseline characteristics, including in 
demographics, health conditions, diabetes history, medica-
tion use and disease control (HbA1c, SBP and triglyceride 
levels), across strata of race/ethnicity and educational attain-
ment (Table 1, ESM Table 2). Rates of missing data for key 
outcomes were generally lowest among White participants 
and those with a college degree (ESM Table 1).

Achievement of glycaemic, blood pressure and lipid goals by 
race/ethnicity  Within the first year following random assign-
ment, 52% of White participants compared with 39%, 43% and 
48% of Black, Hispanic and Other race or ethnicity participants, 
respectively, achieved the HbA1c goal set by their randomisa-
tion arm (Fig. 1a, ESM Table 3), although absolute decreases 
in HbA1c, SBP and triglycerides were similar between groups 
(ESM Table 4). ORs of goal achievement between groups were 
similar across sensitivity analyses examining different methods 
to account for missing data (ESM Fig. 2a). Similar racial/ethnic 
disparities existed in both the intensive and standard treatment 
arms (ESM Table 5, ESM Fig. 3a).
In adjusted analyses, self-reported Black, Hispanic and Other 
race/ethnicity was associated with lower odds of glycaemic 
goal achievement (OR [95% CI] 0.63 [0.55, 0.71], 0.73 [0.61, 
0.88], 0.82 [0.71, 0.96], respectively, compared with self-
reported White race/ethnicity; Table 2, Fig. 2, ESM Table 6). 
A weak negative interaction was seen between arm and Black 
race/ethnicity, suggesting even lower odds of goal achievement 
in Black participants in the intensive glycaemic arm; no other 
evidence of arm-by-race/ethnicity interactions were observed 
(ESM Table 7). Adjusting for change in BMI or for educational 
attainment did not significantly alter the association between 
race/ethnicity and goal achievement (ESM Tables 8, 9).

Regarding SBP goals, at 12 months, 69% of White par-
ticipants compared with 61%, 69% and 70% of Black, His-
panic and Other race/ethnicity participants, respectively, 
achieved their arm-specific blood pressure goals (Fig. 1a, 
ESM Table 3). ORs for goal achievement between groups 
were similar across sensitivity analyses (ESM Fig. 2b), and 
similar disparities existed in both the intensive and standard 
treatment arms (ESM Fig. 3b). In adjusted analyses, only 
Black race/ethnicity was associated with lower rates of goal 
achievement (OR [95% CI] 0.77 [0.65, 0.90]; Table 2, Fig. 2, 
ESM Table 6), with similar results in analyses adjusted for 
change in BMI or educational attainment (ESM Table 8, 9).

Finally, regarding lowering of triglyceride levels at 12 
months, rates of ≥25% reduction in triglyceride levels were 
46% among White participants compared with 50%, 50% and 
54% among Black, Hispanic and Other race/ethnicity par-
ticipants, respectively (Fig. 1a, ESM Table 3). In adjusted 
analyses, rates of achieving this level of triglyceride reduction 
were higher among Black (OR [95% CI] 1.77 [1.38, 2.28]) 

and Other (OR [95% CI] 1.43 [1.10, 1.85]) race/ethnicity indi-
viduals than among White individuals (Table 2, Fig. 2, ESM 
Table 6), with similar results in analyses adjusted for change 
in BMI or educational attainment (ESM Tables 8, 9).

We next tested the degree to which disparities in glycaemic 
control were mediated by hypoglycaemia, insulin dosing, non-
insulin diabetes medication use, change in BMI and number of 
trial visits attended (see Methods). Differences in insulin dos-
ing and non-insulin diabetes medication use mediated 9.9% and 
6.9% of this association among Black participants, 10.9% and 
0% of this association among Hispanic participants, and 22.0% 
and 13.1% of this association among Other race/ethnicity partic-
ipants, respectively. Each of the other factors mediated <4% of 
the total effect of Black, Hispanic or Other race/ethnicity on gly-
caemic goal achievement, suggesting that this association was 
not significantly mediated by these factors (ESM Tables 10, 11).

Achievement of glycaemic, blood pressure and lipid goals by 
educational attainment  Within the first year following ran-
domisation, 51% of college graduates compared with 45%, 
48% and 47% of those with less than a high school diploma, 
a high school diploma or some college education, respec-
tively, achieved the HbA1c goal set by their randomisation 
arm (Fig. 1b, ESM Table 3), with no significant differences 
in fully adjusted analyses (Table 3, ESM Table 12).

Regarding SBP goals, at 12 months, 71% of college 
graduates compared with 66%, 65% and 66% of those with 
less than a high school diploma, a high school diploma or 
some college education, respectively, achieved their arm-
specific blood pressure goals (Fig. 1b, ESM Table 3). In 
adjusted analyses, having a high school diploma (OR [95% 
CI] 0.77 [0.64, 0.92]) or some college education (OR [95% 
CI] 0.78 [0.66, 0.93]) was associated with lower rates of 
goal achievement (Table 3, ESM Table 12).

Finally, regarding lowering of triglyceride levels at 12 
months, rates of ≥25% reduction in triglycerides were 48% 
among college graduates compared with 44%, 48% and 
50% those with less than a high school diploma, a high 
school diploma or some college education, respectively 
(Fig. 1b, ESM Table 3), with no significant differences in 
fully adjusted analyses (Table 3, ESM Table 12).

For all outcomes, no consistent arm-by-educational 
attainment interactions were observed (ESM Table 13), 
and no difference was seen in analyses adjusted for change 
in BMI (ESM Table 14).

Hypoglycaemia requiring medical assistance by race/ethnic-
ity and educational attainment  Absolute rates of hypogly-
caemia requiring medical assistance were highest among 
Black participants (12.3%) compared with Hispanic (7.7%), 
Other race/ethnicity (5.1%) and White (7.4%) participants 
(Fig. 3a, ESM Table 3, ESM Fig. 4). In adjusted time-to-
event analyses, Black race/ethnicity (HR [95% CI] 1.61 
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[1.37, 1.89]) was associated with a higher hazard of hypo-
glycaemia requiring medical assistance than White race/
ethnicity (ESM Table 15).

With regard to educational attainment, absolute rates of 
hypoglycaemia requiring medical assistance were highest 
among those with less than a high school education (11.2%), 
followed by those with a high school diploma (9.4%), some 
college education (7.3%) and a college degree (6.1%; Fig. 3b, 
ESM Table 3). In adjusted analyses, having less than a high 
school diploma (HR [95% CI] 1.57 [1.26, 1.96]) or a high 
school diploma (HR [95% CI] 1.41 [1.15, 1.72]) was associ-
ated with a higher hazard of hypoglycaemia requiring medi-
cal assistance than having a college degree (ESM Table 15).

Discussion

In this secondary analysis of the ACCORD trial, we observed 
disparities in achievement of diabetes treatment targets and 
incidence of hypoglycaemia requiring medical assistance by 
race/ethnicity and by educational attainment. In particular, 
we found that, compared with White participants, Black, His-
panic and Other race/ethnicity participants were less likely 
to achieve glycaemic targets; Black participants but not His-
panic and Other race/ethnicity participants were less likely 
to achieve blood pressure targets; and Black, Hispanic and 
Other race/ethnicity participants were equally or more likely 

to achieve a reduction in triglyceride levels, after adjust-
ment for likely confounders. These findings have important 
implications for the generalisability of clinical trial results, 
especially in clinical trials with a high participant burden or 
difficult-to-implement interventions, and for understanding 
the complex causes of health disparities, which persist even 
in highly supportive clinical settings. Additionally, the low 
overall rates of goal achievement despite excellent access 
to clinicians and medications speak to the limits of clinical 
management even in a resource-abundant setting.

Variable degrees of racial/ethnic and socioeconomic dis-
parities in treatment effects and treatment goal achievement 
have been described in other type 2 diabetes clinical trials, 
primarily in trials of intensive lifestyle interventions, includ-
ing the Diabetes Prevention Program [34], Look AHEAD 
[35] and REAL HEALTH-Diabetes [36]. As a factorial 
trial testing three different hypotheses, ACCORD provides 
a unique opportunity to examine the effect of race/ethnic-
ity and socioeconomic status under different intervention 
conditions, all approximating clinical care yet with varying 
degrees of participant burden, within the same population 
and care model. We found that racial/ethnic disparities were 
largest for the high-burden glycaemic intervention (requiring 
self-monitoring, frequent medication escalation and complex 
self-titration regimens) but small or even non-existent for the 
less intensive blood pressure intervention (requiring moni-
toring by a clinician and occasional medication titration) 

Fig. 1   Unadjusted rates of goal achievement by outcome and by (a) race/ethnicity and (b) educational attainment
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and the relatively low-burden lipid intervention (requiring 
adherence to a single medication, fenofibrate).

One possible explanation for lower rates of glycaemic goal 
achievement among Black participants is that mean HbA1c 
levels may be 4.3 mmol/mol (0.4%) higher for the same mean 
glucose levels among Black or African American individuals 
[37–42]. Black participants did have modestly higher HbA1c 
levels at baseline in the ACCORD study. HbA1c levels that 
modestly overestimate mean glucose values, a phenomenon 
that was not recognised at the time the ACCORD trial was 
conducted, may have contributed to the higher rates of hypo-
glycaemia among Black participants despite lower rates of 
goal achievement. However, disparities in goal achievement 
persisted in multivariable models adjusted for baseline HbA1c, 
and lower rates of goal achievement were also seen among 
Hispanic and Other race/ethnicity participants, so this biologi-
cal association is unlikely to fully explain the key findings of 
our analysis and additional aetiologies should be considered.

Importantly, ACCORD was a trial not of a specific treatment 
but of treatment target achievement, employing any clinically 
available medications or treatment methodologies as necessary 
to achieve treatment targets and stopping only in the face of 
adverse safety outcomes. This use of a wide range of treatments 
replicates the approach taken in usual care. Unlike usual care, 
however, in ACCORD, treatment and medications were pro-
vided free of charge, as was intensive support from and access 
to specialist care, supplemented by proactive outreach that is 
often employed to retain participants in trials. Moreover, by 
protocol design, researchers and participants pursued treatment 
goals more aggressively than in clinical care, where lack of 
treatment intensification is often attributed to clinical inertia. 

Thus, disparities seen within this study reflect not a lack of 
access to medications, healthcare or support but rather a differ-
ence either in implementation of trial protocols or in factors that 
limited implementation of the protocol (e.g. hypoglycaemia, 
differential follow-up, baseline differences in health literacy or 
education regarding diabetes self-management).

This clinical trial model also informs our understanding of 
the impact, or lack thereof, of other commonly cited causes of 
health disparities, including differences in healthcare access, 
behaviours such as adherence, and socioeconomic status and 
other social determinants of health, on the differences observed 
in this analysis. First, as all participants were enrolled in a 
trial with similar goals and treatment protocols, factors such 
as healthcare and medication access are likely to have had a 
lower impact on the observed disparities compared with usual 
care. Although up to 22% of the difference in glycaemic goal 
achievement appeared to be mediated by differences in insulin 
or non-insulin medication use, the majority of this difference 
was not explained by any mediating factors tested. Differences 
in participant behaviours are plausible; however, the similar 
number of visits attended, lack of mediation by number of 
visits attended and higher likelihood of triglyceride reduction 
with fenofibrate among Black, Hispanic and Other race/eth-
nicity participants suggest that protocol adherence, at least, 
was comparable if not superior within these groups compared 
with White participants. Finally, social determinants of health 
that are associated with race/ethnicity, including socioeco-
nomic status, environmental differences and exposure to rac-
ism, may have contributed to differences in the ability to meet 
treatment targets. These include baseline differences in health 
literacy and diabetes-related education, as well as the absence 

Fig. 2   Forest plot of fully 
adjusted ORs for goal achieve-
ment by race/ethnicity
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of specifically culturally tailored education within ACCORD, 
which could not be assessed in this analysis. Importantly, 
adjusting for educational attainment, a proxy measure of socio-
economic status, or race/ethnicity-by-educational attainment 
interactions did not alter the primary findings (ESM Tables 7, 
9), suggesting that socioeconomic status alone is unlikely to be 
the primary contributor to the observed racial/ethnic dispari-
ties. Race and ethnicity are social constructs that nonetheless 
correlate with myriad unmeasurable adverse circumstances, 
such as barriers related to the environment and exposure to 
racism and racist practices; these associated factors remain 
possible explanations. Finally, although study teams were fol-
lowing a protocol, the intensification of therapy even within the 
trial may have differed by race and ethnicity, either because of 
unconscious bias or for appropriate reasons that are correlated 
with race and ethnicity, as supported by the modest degree 
of mediation of the association between race/ethnicity and 
glycaemic goal achievement by insulin dose and non-insulin 
medication use.

Finally, despite the intensive interventions and flexible, 
physician-led treatment strategies (targeting a level of gly-
caemic control but not following a specific treatment regi-
men) that were employed in this trial, a significant proportion 
of participants remained unable to achieve treatment targets, 
particularly glycaemic targets. In this setting, with participants 
committed to trial participation, very frequent clinician visits 
and medications provided at no charge, we may expect that 

many potential barriers to optimal treatment outcomes are 
overcome. However, the proportions of individuals unable 
to meet glycaemic targets were 72–85% and 25–36% in the 
intensive and standard arms, respectively, and the propor-
tions unable to meet blood pressure targets were 37–45% 
and 24–33% in the intensive and standard arms, respectively, 
depending on race/ethnicity (ESM Table 5), similar to at-tar-
get rates reported in recent studies of the general population 
[8–10]. Recognition of these limits of clinical care within the 
ACCORD trial can inform clinical goals in real-world settings 
in which fewer resources are available.

This analysis has numerous strengths including the large 
sample size from a frequently assessed population exposed 
to clinically representative therapies and follow-up. How-
ever, it must be interpreted in light of its study design. As 
a post hoc, observational analysis of a trial that was not 
designed to assess disparities, described associations are 
exploratory. Analyses were not adjusted for multiple testing; 
with 48 subgroup–outcome comparisons, two to three sta-
tistically significant results would be expected on the basis 
of chance alone [43]. There were moderate levels of missing 
data related to the primary outcome, leading to use of impu-
tation of the primary outcome that may have introduced bias; 
however, multiple sensitivity analyses were performed using 
different assumptions for the missing data, including the 
possibility that data are missing not at random, and results 
were unchanged in these analyses.

Fig. 3   Unadjusted rates of hypoglycaemia requiring medical assistance by glycaemic treatment arm and by (a) race/ethnicity and (b) educational 
attainment. Treatment arms: HbA1c <42.1 mmol/mol (6.0%) (intensive arm) vs HbA1c 53.0–62.8 mmol/mol (7.0–7.9%) (standard arm)
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In conclusion, we found that ACCORD participants who 
identified as Black, Hispanic or Other race/ethnicity were 
less likely than White participants to achieve the glycaemic 
goals of the trial (and experienced higher rates of hypo-
glycaemia); Black participants were less likely than White 
participants to achieve blood pressures goals; but Black, 
Hispanic and Other race/ethnicity participants were equally 
or more likely to achieve a significant reduction in triglyc-
eride levels compared with White participants. Disparities 
persisted after adjusting for baseline characteristics, disease 
duration and control, and educational attainment and were 
not mediated by side effects or adherence. This suggests 
that disparities exist even within clinical trials but that these 
disparities may depend on the intensity, or degree of par-
ticipant burden, of the intervention studied. The barriers to 
achieving high-intensity treatment goals may be greater for 
some populations, even in clinical trials and especially in 
real-world settings.

Supplementary Information  The online version of this article (https://​
doi.​org/​10.​1007/​s00125-​023-​05997-2) contains peer-reviewed but 
unedited supplementary material. 
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