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Significance of this study

What is already known about this subject?
 ► Risk factors for serious or severe hypoglycemia 
in patients with type 2 diabetes (T2DM) are well 
described.

 ► Models exist to predict hypoglycemia over a short-
term (2–12 months) follow-up.

What are the new findings?
 ► We used data from the Action to Control 
Cardiovascular Risk in Diabetes study, a clinical trial 
in patients with T2DM with severe hypoglycemia as 
an adjudicated measure, to establish a prediction 
model and risk score for severe hypoglycemia over a 
long-term (5-year) follow-up.

How might these results change the focus of 
research or clinical practice?

 ► In T2DM, the ability to identify a patient’s long-term 
risk for hypoglycemia can enhance clinical trial re-
cruitment to the relevant  population and guide clini-
cal practice by personalizing glycemic goals.

AbStrAct
Objective  We constructed a predictive model of long-
term risk for severe hypoglycemia (SH: hypoglycemia 
requiring assistance) in patients with type 2 diabetes 
(T2DM).
Research design and methods  Data from the Action to 
Control Cardiovascular Risk in Diabetes (ACCORD) study 
(original n=10 251, n=5135 used in the current analysis), 
a randomized, multicenter, double 2×2 factorial design 
study examining the effect of glycemic, blood pressure, 
and lipid control on cardiovascular outcomes in patients 
with diagnosed T2DM, were used. Over the follow-up 
(3.76±1.12 years), the ACCORD participants experienced 
607 incident SH events. Cox regression was used to 
identify the SH risk prediction model.
Results  We identified 17 predictors—glycemic 
management, age, race, education, waist circumference, 
medications (insulin, antihypertensive, HMG-CoA reductase 
inhibitors, sulfonylurea, biguanide and meglitinide), 
years since diabetes diagnosis, history of hypoglycemia 
in the last week,  systolic blood pressure, diastolic 
blood pressure, serum creatinine, and urinary albumin 
creatinine ratio—to construct a prediction model for SH 
(c-statistic=0.782). Using this information, we derived 
point scores to estimate the 5-year risk for SH in individual 
patients with T2DM. After adjusting for other variables in 
the model, the three strongest predictors for SH over 5 
years were intensive glycemic management (HR=2.37, 
95% CI 1.99 to 2.83), insulin use (HR=2.14, 95% CI 1.77 
to 2.59), and antihypertensive medication use (HR=1.90, 
95% CI 1.26 to 2.86).
Conclusion  Using the ACCORD data, we identified 
attributes to predict 5-year risk of SH in patients with 
T2DM, which warrant evaluation in broader populations to 
determine applicability.

Type 2 diabetes (T2DM) and its associated 
complications are a significant public health 
issue. More than 20 million Americans have 
T2DM.1 Intensive glucose control to lower 
hemoglobin A1C (HbA1c) to near-normal 
levels has many benefits in patients with 
diabetes, including reduction in microvas-
cular disease2–4 and possibly macrovascular 
events.3 5 Yet achieving this target safely while 
minimizing hypoglycemia remains chal-
lenging. The current practice is to determine 

the appropriate A1c target for each patient 
based on age and comorbidities, and then 
subjectively develop a treatment strategy that 
best achieves target A1c with the lowest risk of 
hypoglycemia.6 

Hypoglycemia can limit the ability to achieve 
near-normal HbA1c in patients treated 
with insulin or sulfonylurea. These events 
range from mild events easily treated by the 
patient, to severe hypoglycemia (SH) where 
the patient requires the assistance of another 
person to provide treatment for low blood 
glucose. Since intensification of glycemic 
treatment has been repeatedly linked to an 
increased rate of hypoglycemia,2 7–9 many 
have suggested that relaxing glycemic control 
will reduce hypoglycemic events.

Hypoglycemia is a devastating complica-
tion of glycemic treatment with direct patient 
impact. In patients with diabetes, fear of 
hypoglycemia is associated with a history 
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of hypoglycemia.10 In patients with T2DM treated with 
oral agents, self-reported hypoglycemia occurred in 63% 
within the previous 6 months, with hypoglycemia severity 
and frequency associated with lower quality of life.11 SH is 
associated with increased emergency room visits.12 SH was 
also initially presumed to be associated with higher rates 
of mortality, as suggested by the data from the Action 
to Control Cardiovascular Risk in Diabetes (ACCORD) 
study, which was stopped early (median 3.7 years) due 
to higher mortality rates in the intensively treated group 
(HR=1.22, 95% CI 1.01 to 1.46) than the standard treat-
ment group.13 However, further analysis of the ACCORD 
data did not show a link between SH and mortality,14 as 
intensively treated participants who experienced SH had 
a lower risk of mortality than standard treatment partic-
ipants who experienced SH (adjusted HR=0.55, 95% CI 
0.31 to 0.99).14 Other studies on patients with T2DM 
reported higher hypoglycemia rates with intensification 
of glycemic treatment,2 7 9 with either unchanged7 9 or 
lower mortality rates.2 

Currently, we lack a systematic method to predict the 
long-term SH risk in patients with T2DM. Many clinical risk 
factors for hypoglycemia have been described, including 
older age, diabetes duration, burden of comorbidities, 
glycemic treatment intensification, current insulin treat-
ment, and duration of insulin treatment.8 15–19 In T2DM, 
increased risk for hypoglycemia is generally associated 
with intensification of glycemic treatment2 7–9 and low 
mean blood glucose.20 Interestingly, a low HbA1c is not 
a clear risk factor for hypoglycemia, as hypoglycemia has 
been observed across all levels of glycemic control in 
T2DM.19 21 22 

Previous models predicting short-term (2–12 months) 
hypoglycemia are available.20 23–26 However, several 
limitations are notable. Many of these studies included 
patients with type 1 diabetes23–25; therefore, applicability 
to T2DM remains limited. These studies relied on hypo-
glycemic events identified on electronic health records 
(EHRs) using previously validated International Classi-
fication of Diseases, Ninth Revision codes,25 26 or relied 
on participants’ self-monitored blood glucose.20 23 24 Both 
processes depend on patient engagement and may miss 
hypoglycemia events if the patient has impaired aware-
ness of hypoglycemia or inconsistently documents hypo-
glycemia. In contrast, deriving a hypoglycemia prediction 
model from a clinical trial, which has structured, adju-
dicated outcomes, mitigates this concern about missing 
data.

This project extends earlier findings from ACCORD. 
Previously, investigators from the ACCORD study reported 
higher risk for hypoglycemia with intensive glycemic 
treatment, age, sex, race, educational level, insulin use, 
duration of diabetes,  body mass index (BMI), peripheral 
neuropathy, albuminuria, serum creatinine, and higher 
HbA1c.8 For the clinician, however, the relevance of risk 
factors is better appreciated when incorporated into 
a prediction model. Therefore, this project leveraged 
data from the ACCORD study to construct a translatable 

predictive model to estimate long-term (5-year) SH risk 
in patients with T2DM.

ReseaRCH design and meTHOds
The aCCORd study
The ACCORD study was a randomized, multicenter, 
double 2×2 factorial design study examining the effects 
of glycemic control (intensive vs standard), blood pres-
sure control and lipid control on cardiovascular (CV) 
morbidity and mortality in patients with diagnosed 
T2DM.27 28 

Participants were screened for eligibility by history 
and physical exam. Participants had a clinical diagnosis 
of T2DM, defined using the 1997 American Diabetes 
Association (ADA) criteria, and a stable diabetes treat-
ment program for at least 3 months. Participants with 
self-reported or previously diagnosed type 1 diabetes, 
secondary causes of diabetes, or gestational diabetes were 
excluded. The study enrolled 10 251 participants with 
long-standing T2DM with either diagnosed CV disease or 
at least two CV risk factors in addition to diabetes. All 
participants were randomized to standard glycemic treat-
ment (HbA1c target 7.0%–7.9% (53–63 mmol/mol)) 
or intensive glycemic treatment (HbA1c target <6.0% 
(42 mmol/mol)). Partway through the study (median 
follow-up: 3.7 years), participants receiving intensive 
treatment were transitioned to standard treatment due 
to higher mortality in the intensive treatment group.29 

Deidentified data from the ACCORD study was 
obtained from Biologic Specimen and Data Repository 
(BioLINCC) (https:// biolincc. nhlbi. nih. gov/).

Primary outcome
The primary outcome of this analysis was SH. Self-re-
ported hypoglycemia events were assessed by the 
ACCORD staff at each visit. SH was defined as an episode 
of hypoglycemia requiring medical assistance and either 
blood glucose less than 2.8 mmol/L or requiring the 
administration of glucose. For these analyses, only the 
incident case of SH was used for patients with more than 
one event over follow-up. Patients in the intensive-therapy 
group attended monthly visits for the first 4 months and 
then every 2 months thereafter, with at least one interim 
phone call and additional visits as needed. Patients in the 
standard-therapy group had visits every 2–4 months.27 28 

Candidate risk factors
Potential SH risk factors were identified from current 
literature8 15–19 for selection of relevant baseline ACCORD 
measurements. These risk factors included intensive 
glycemic management (ACCORD study treatment), sex, 
race, age, education, cigarette and alcohol use, BMI, waist 
circumference, systolic and diastolic blood pressure (SBP 
and DBP), total cholesterol, serum creatinine, globular 
filtration rate, urinary albumin creatinine ratio (UACR), 
HbA1c, medication use (insulin, sulfonylurea, biguanide, 
meglitinide, HMG-CoA reductase inhibitors, antihyper-
tensive medication), existing CV disease, family history 
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of CV disease, time since diagnosis of T2DM, and history 
of hypoglycemia in the last week. Detailed descriptions of 
these variables are in online supplementary table 1.

model derivation
The characteristics of study participants with and without 
SH events were compared prior to the development of 
the risk prediction model. Descriptive statistics were 
calculated for the entire cohort as well as separately for 
those who did and did not experience an event. Means 
and SDs were calculated for continuous variables; if not 
normally distributed, medians and IQRs were calculated. 
Counts and percentages were calculated for categorical 
variables. χ2 and t-tests, for categorical and continuous 
variables, respectively, were used to compare the charac-
teristics of participants who did and did not experience 
SH events.

Data were limited to the ACCORD study popula-
tion with 5 years or less of follow-up (n=5590) for the 
development of the SH prediction model. Models were 
conducted as complete case analyses. Potential risk 
factors were assessed using Cox regression models and 
stepwise selection with p=0.05 for inclusion. Once a final 
set of variables was identified, continuous variables were 
assessed as both continuous and categorical predictors. 
Categorical variables were collapsed if appropriate. 
The final set of variables was included in the multivari-
able adjusted model, with missing values for covariates 
excluded (n=5135 final sample size). The c-statistic was 
used to assess the discriminatory ability of the model. The 
proportional hazard assumption was assessed and was not 
violated for the majority of the variables; those with viola-
tion showed no consistent pattern. Therefore, we ran all 
models without this adjustment.

model validation
The predictive ability of the final model was validated 
internally using fivefold validation with a simple random 
sampling approach. The cohort was randomly divided 
into five approximately equal subsections (n~1000/
subsection). Each subset was used once as the testing set 
and as part of the training set for the other four trials. 
This fivefold validation method was repeated five times 
using different random divisions of the data. The 25 total 
model c-statistics were averaged and generated c-statistics 
in the range of 0.782–0.795, in line with the final model 
c-statistic of 0.782.

Point score development
Point scores were created from the final Cox regression 
model to improve the utility of the predictive model 
for clinical application. Using the final variables, a 
point score was constructed using methods previously 
published by Sullivan et al.30 Briefly, continuous variables 
were split into categories and a reference group was iden-
tified for all variables. The differences between the two 
or more levels of each variable and the reference group 
were calculated. Reference groups were selected to create 

point scores such that the lowest values for continuous 
variables and the absence of a variable (stating ‘no’ to 
using a medication); positive parameter estimates gener-
ated a reference point score of 0 using this modeling 
approach, while negative parameter estimates in the 
Cox model produced negative point scores compared 
with the reference group. Values were standardized to 
baseline age and 5 years of follow-up, with point values 
for each level of a variable calculated using the adjusted 
parameter estimates from the final prediction model. 
Minimum and maximum point totals were calculated, 
and the predicted risk versus the point scores was plotted.

All statistical analyses were conducted in SAS V.9.4.

ResulTs
Baseline characteristics
Table 1 presents the baseline characteristics of the study 
cohort (n=5135 final sample size). The ACCORD partici-
pants were on average 62.8 years old (±6.8 years) at base-
line. Of those eligible for this study, 37.2% were female, 
19.6% were black, 24.8% completed college, and 84.8% 
had health insurance. There were 607 incident SH events 
(13.4%) over an average of 3.76 years (±1.1 year) out 
of the 5135 eligible participants. At the time of enroll-
ment, participants had been diagnosed with T2DM for 
11 (±7.7 years) years on average. CV disease was common 
among the ACCORD participants, with 36.9% reporting 
a personal history of CV disease.

In this study, participants who experienced at least one 
episode of SH tended to be roughly 2 years older than 
participants who did not experience SH (p<0.0001). 
There was a higher proportion of women who experi-
enced SH (40.9%) than among those who did not (36.8%, 
p=0.0493). Compared with participants who described 
themselves as white, Hispanic or other, black partici-
pants were more likely to have an SH event (p<0.0001). 
Participants who had an SH event were less likely to have 
completed college than those who did not have an SH 
event (p<0.0001).

Participants randomized to intensive glycemic manage-
ment were more likely to experience SH compared 
with participants randomized to the standard glycemic 
management (p<0.0001). In addition to the previously 
observed association in ACCORD between insulin use 
and SH events,8 we found that participants who experi-
enced SH had significantly higher use of medications for 
blood pressure and meglitinide, but lower proportions 
used biguanide and sulfonylurea, and no difference in 
HMG-CoA reductase inhibitors use. Compared with indi-
viduals who did not experience SH, those who did had 
been diagnosed with T2DM 4 years earlier on average 
(p<0.0001). Participants who had an SH event had lower 
BMI and smaller waist circumference than participants 
who did not experience SH (p=0.0169 and 0.0044, respec-
tively). These participants also had, on average, higher 
SBP and lower DBP compared with individuals who did 
not have an SH event (both p<0.0001). Compared with 
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Table 1 Baseline characteristics of the ACCORD study participants

Variable

Total=5135 Event=607 No event=4528

P values*Mean (SD) Mean (SD) Mean (SD)

Intensive treatment, % 51.9 71.3 49.3 <0.0001

Follow-up time, years 3.76 (1.12) 2.16 (1.32) 3.97 (0.90) <0.0001

Age, years 62.8 (6.8) 64.8 (7.1) 62.5 (6.7) <0.0001

Female, % 37.2 40.9 36.8 0.0493

Black, % 19.6 29.2 18.3 <0.0001

College degree or higher, % 24.8 18.8 25.6 0.0003

Health insurance, % 84.8 87.3 84.4 0.0608

Alcohol use, %, ≥1 drink/week 23.6 21.9 23.8 0.2975

Current smoker, % 15.0 12.9 15.3 0.1181

BMI, kg/m2 32.4 (5.4) 31.9 (5.5) 32.5 (5.4) 0.0169

Waist circumference, cm 107.2 (13.6) 105.7 (13.8) 107.4 (13.6) 0.0044

SBP, mm Hg 135.7 (17.7) 138.8 (18.4) 135.3 (17.5) <0.0001

DBP, mm Hg 74.6 (10.9) 72.2 (10.9) 74.9 (10.8) <0.0001

Total cholesterol (mmol/L) 4.65 (1.1) 4.65 (1.1) 4.65 (1.1) 0.9293

Creatinine (mmol/L) 0.080 (0.020) 0.087 (0.022) 0.079 (0.020) <0.0001

Urinary albumin creatinine ratio† 15 (7–50) 21 (9–109) 14 (7–45) <0.0001

HbA1c (%) 8.34 (1.1) 8.44 (1.1) 8.32 (1.1) 0.0142

Time since diabetes diagnosis, years 11.0 (7.7) 14.3 (8.5) 10.5 (7.5) <0.0001

Hypoglycemia in the last week, % 8.6 17.6 7.4 <0.0001

Hypertension, % 82.9 83.4 82.9 <0.0001

Stroke, % 6.6 9.7 6.2 <0.0001

Myocardial infarction, % 16.4 18.3 16.2 0.1600

Coronary artery bypass grafting,% 12.3 15.0 11.9 0.0019

Individual CVD history, % 36.9 41.9 36.3 0.0077

Family CVD history, % 45.8 45.3 45.9 0.7898

Medication, %

Antihypertensive 90.5 95.9 89.8 <0.0001

Insulin 37.0 63.1 33.5 <0.0001

Biguanide 69.2 51.6 71.6 <0.0001

Meglitinide 12.0 15.5 11.6 0.0054

Sulfonylurea 43.5 24.1 46.1 <0.0001

HMG-CoA reductase inhibitor 66.7 66.2 66.8 0.7845

*22 or t-test comparing participants with and without severe hypoglycemia event.
†Median and IQR.
 ACCORD, Action to Control Cardiovascular Risk in Diabetes;  BMI, body mass index;  CVD, cardiovascular disease;  DBP, diastolic blood 
pressure;  HbA1c, hemoglobin A1c;  SBP, systolic blood pressure. 
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those who did not have an SH event, participants who 
had at least one SH had higher serum creatinine, higher 
UACR, and higher HbA1c values, but the total choles-
terol levels did not differ (table 1).

model derivation
Starting with 41 potential risk factors, the stepwise selec-
tion models eliminated 24 variables, including cigarette 
and alcohol use, BMI, total cholesterol, baseline CV 
disease, family history, insurance, and most categories of 

medication. Despite being forced into the initial stepwise 
selection model, sex was not a significant predictor of 
SH and was dropped from the model. Serum creatinine 
and UACR both remained in the model after stepwise 
selection and were retained. Education was collapsed 
into those with and without college education based on 
the distribution of education in the study population. 
Race categories were collapsed into black or other racial 
groups defined as white, Hispanic, or others due to small 
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Table 2 HR for severe hypoglycemia events in the ACCORD study

Variable

Unadjusted Adjusted*

HR 95% CI P values HR 95% CI P values

Intensive treatment (yes) 2.473 2.074 to 2.949 <0.0001 2.372 1.985 to 2.833 <0.0001

Age, years† (6.8 years) 1.377 1.274 to 1.489 <0.0001 1.134 1.038 to 1.238 0.0054

Black race (yes) 1.746 1.465 to 2.080 <0.0001 1.425 1.188 to 1.708 <0.0001

Education (less than college) 1.477 1.204 to 1.810 0.0002 1.314 1.070 to 1.614 0.0092

Time since diabetes diagnosis, 
years† (7.7) 1.507 1.407 to 1.615 <0.0001 1.125 1.037 to 1.220 0.0047

Hypoglycemia in the last week (yes) 2.465 2.000 to 3.037 <0.0001 1.361 1.091 to 1.697 0.0063

Creatinine† (mmol/L) (0.020) 1.029 1.023 to 1.035 <0.0001 1.124 1.041 to 1.214 0.0029

Urinary albumin creatinine† (381.1) 1.189 1.136 to 1.245 <0.0001 1.129 1.069 to 1.192 <0.0001

SBP, mm Hg† (17.7) 1.196 1.108 to 1.292 <0.0001 1.175 1.066 to 1.295 0.0012

DBP, mm Hg† (10.9) 0.783 0.721 to 0.850 <0.0001 0.817 0.735 to 0.907 0.0002

Waist circumference, cm† (13.6) 0.895 0.826 to 0.970 0.0071 0.876 0.806 to 0.952 0.0019

Insulin use (yes) 3.222 2.732 to 3.800 <0.0001 2.138 1.765 to 2.590 <0.0001

Sulfonylurea use (yes) 0.392 0.325 to 0.472 <0.0001 0.684 0.561 to 0.834 0.0002

Biguanide use (yes) 0.441 0.376 to 0.518 <0.0001 0.738 0.619 to 0.880 0.0007

Meglitinide use (yes) 1.338 1.074 to 1.667 0.0094 1.286 1.027 to 1.611 0.0285

HMG-CoA reductase inhibitors use 
(yes) 0.951 0.804 to 1.126 0.5619 0.811 0.683 to 0.964 0.0172

Antihypertensive use (yes) 2.464 1.651 to 3.677 <0.0001 1.899 1.263 to 2.856 0.0021

*Adjusted for all other variables in the risk prediction model.
†HR and 95% CI for 1 SD increment in the continuous variables.
 ACCORD, Action to Control Cardiovascular Risk in Diabetes;  DBP, diastolic blood pressure;  SBP, systolic blood pressure. 
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numbers of participants in the latter two groups. Contin-
uous SBP and DBP as well as use of antihypertensive 
medications were independent predictors of incident SH, 
representing both level and control of blood pressure.

The list of potential predictors of SH was reduced to 
17 variables, providing the best balance between predic-
tive ability and fewest variables. The final model for the 
prediction of SH included intensive glycemic manage-
ment, age, race, education, insulin use, antihypertensive 
medication use, years since diabetes diagnosis, history of 
hypoglycemia in the last week, SBP, DBP, waist circumfer-
ence, serum creatinine and UACR, HMG-CoA reductase 
inhibitors, and non-insulin diabetes medications (sulfo-
nylurea, biguanide, and meglitinide). The c-statistic for 
the final Cox regression model was 0.782.

Risk prediction model
The two variables with the largest amount of missing data 
were UACR (4.5%) and family history of heart disease 
(4.2%). After running the stepwise selection Cox regres-
sion models and identifying statistically significant predic-
tors of incident SH, the models were rerun with these 
variables and the missing values removed (n=5135 used in 
final analysis). Unadjusted and adjusted HRs for the 17 vari-
ables in the prediction model are reported in table 2. After 
adjusting for the other variables in the prediction model, 
the three variables associated with the greatest risk of SH 

were intensive glycemic management (HR=2.372, 95% 
CI 1.985 to 2.833), insulin use (HR=2.138, 95% CI 1.765 
to 2.59), and antihypertensive medication use (HR=1.90, 
95% CI 1.263 to 2.856). Higher waist circumference was 
associated with a lower risk of incident SH in both unad-
justed and adjusted models (HR=0.895 and HR=0.876, 
respectively). Higher SBP and lower DBP were also associ-
ated with higher hazards of SH (adjusted HR=1.175, 95% 
CI 1.066 to 1.295 and adjusted HR=0.817, 95% CI 0.735 
to 0.907, respectively). SH rates were positively associated 
with age (adjusted HR=1.134, 95% CI 1.038 to 1.238) and 
time since diagnosis (adjusted HR=1.125, 95% CI 1.037 to 
1.22). Lower educational attainment was associated with 
greater risk (adjusted HR=1.314 95% CI 1.070 to 1.614). 
Medications associated with hypoglycemia were both posi-
tively (meglitinide, insulin) and inversely (sulfonylurea, 
biguanide) associated with risk of SH (table 2).

Point score
Point scores were created directly from the Cox regres-
sion model to improve the utility of the predictive model. 
Possible risk point scores ranged from −16 to 53 and 
corresponded to predicted 5-year risk of SH that ranged 
from 0.06% to 42.4%. Point scores were derived by 
summing the point values for each risk factor (table 3) 
and matching the score with the corresponding 5-year 
risk (figure 1).
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Table 3 Cox regression point scores for 5-year risk of 
severe hypoglycemia

Risk factor Categories Points

Intensive glycemic management

No 0

Yes 9

Baseline age

40–49 0

50–59 2

60–69 3

70+ 5

Race

Other 0

Black 4

Education

≥College 0

<College 3

Time since diabetes diagnosis (years)

0–4.9 0

5–14.9 1

15–19.9 2

≥20 4

Hypoglycemia within the last week

No 0

Yes 4

Current insulin treatment

No 0

Yes 8

Current sulfonylurea use

No 0

Yes −4

Current biguanide use

No 0

Yes −4

Current meglitinide use

No 0

Yes 3

Current HMG-CoA reductase 
inhibitors use

No 0

Yes −2

Current antihypertensive use

No 0

Yes 7

Systolic blood pressure (mm Hg)

<130 0

130–139.9 2

Continued

Risk factor Categories Points

≥140 3

Diastolic blood pressure (mm Hg)

<70 0

70–79.9 −2

≥80 −4

Waist circumference (median) (cm)

<107 0

≥107 −2

Serum creatinine (median) (mmol/L)

<0.080 0

≥0.080 2

Urinary albumin creatinine ratio

≤30 0

>30 1

Table 3 Continued

Figure 1 Five-year severe hypoglycemia risk based on 
point score.
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Case studies in point score usage
Case 1
A 70-year-old (5 points) black (4 points) woman with 
a college education (0 point) is receiving intensive 
glycemic management (9 points) with insulin (8 points). 
She was diagnosed with diabetes approximately 10 years 
before her baseline visit (1 point). She had a hypogly-
cemic episode within the week of her visit (4 points). Her 
waist circumference is 30 inches or 76.2 cm (0 point). 
She is not taking antihypertensive medication (0 point); 
her measured SBP is 120 mm Hg (0 point) and DBP 
is 75 mm Hg (−2 points). She is not using meglitinide 
(0 point) or biguanide (0 point), but she is taking an 
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HMG-CoA reductase inhibitor (−2 points) and using 
sulfonylurea (−4 points). Her UACR falls in a favorable 
range (0 point), but her serum creatinine is above the 
median for the sample (2 points). Her total score is 25, 
which translates to a 5-year risk for SH of 4.1%.

Case 2
A 50-year-old (2 points) Hispanic (0 point) man did not 
complete high school (3 points) and is following stan-
dard glycemic management (0 point) without the use 
of insulin (0 point) or biguanide (0 point); however, 
he is using meglitinide (3 points) and sulfonylurea (−4 
points). He was diagnosed with T2DM 16 years before his 
baseline visit (2 points). He experienced an episode of 
hypoglycemia in the week before his visit (4 points). He is 
currently taking antihypertensive medication (7 points). 
His measured SBP is 135 mm Hg (2 points) and DBP is 
75 mm Hg (−2 points). His kidney values were normal. 
He has a total point score of 17, which corresponds to a 
5-year risk of SH of 1.8%.

COnClusiOns
The goal of this paper was to establish a novel prediction 
model for 5-year risk of SH in an individual patient with 
T2DM. We established a prediction model (c-statistic: 
0.782) with Cox regression using 17 variables. Addition-
ally, we translated this model into a usable point score for 
clinical application. By estimating the long-term SH risk 
for an individual with T2DM, these findings, after further 
validation with future studies, may provide additional 
critical information that could change clinical practice.

Our findings extend the current literature. Previous 
predictive models focused on short-term (2–12 months) 
hypoglycemia.20 23–26 Schroeder et al25 used EHR to 
develop a hypoglycemia risk model for 6-month risk of 
hypoglycemia requiring medical intervention in patients 
with type 1 diabetes and T2DM.Two prediction models 
were constructed, consisting of either 16 variables (c-sta-
tistic of 0.84) or 6 variables (c-statistic of 0.81), which 
maintained good predictability in the validation cohort. 
The 6-variable model included age, diabetes type, HbA1c, 
estimated glomerular filtration rate, history of a hypogly-
cemic event in the prior year, and insulin use.25 Karter et 
al focused on patients with T2DM and used the EHR to 
identify a hypoglycemia risk stratification tool using six 
variables: number of episodes of hypoglycemia-related 
utilization, insulin use, sulfonylurea use, prior year emer-
gency room use, kidney disease, and age (c-statistic of 
0.83).26 However, these models have several limitations. 
These studies included patients with type 1 diabetes,23–25 
extracted hypoglycemic events from EHR25 26 or relied 
on participants’ self-monitored blood glucose.20 23 24 In 
contrast, our study focused on patients with T2DM and 
relied on the rigor of the ACCORD clinical trial, which 
had well-defined measures of risk factors and standard-
ized assessment of hypoglycemia.

Our analysis identified risk factors similar to these 
previous models, including prior episode of hypogly-
cemia, insulin use, age, and renal function, with several 
areas of distinction. In comparison with the Schroeder 
et al work,25 our predictive model focused exclusively on 
patients with T2DM. Our model was developed using a 
large clinical trial with established follow-up and adjudi-
cated outcomes. Our predictive model estimates long-
term risk (5 years) rather than short-term risk (2–12 
months)25 26 with a fair c-statistic (0.782).

Our findings demonstrate that certain baseline clinical 
features (table 3) enhance the long-term risk for SH. Many 
of these findings were similar to a previous ACCORD anal-
ysis,8 although we did not identify the previously reported 
association with peripheral neuropathy. In the current 
study, we additionally identified the baseline use of sulfo-
nylureas, biguanides and HMG-CoA reductase inhibitors 
associated with lower long-term risk for SH. The discrep-
ancy between the current and previous analyses8 may be 
due to the sample size (n=10 251 in the previous anal-
ysis, n=5135 in the current analysis), although the overall 
themes remain similar. The lower long-term risk for SH 
associated with baseline sulfonylurea use was unexpected, 
although this may actually reflect non-insulin-dependent 
diabetes, which has more preserved insulin secretion and 
counter-regulatory response to hypoglycemia than insu-
lin-dependent diabetes.31 The mechanism associating 
baseline HMG-CoA reductase inhibitors use with lower 
long-term risk for SH remains unclear and would warrant 
further investigation.

The current glycemic goal for most patients with 
T2DM treatment is HbA1c≤7.0% (53 mmol/mol)6 based 
on the current practice of subjectively assessing patients’ 
comorbidities including hypoglycemia risk.32 This prac-
tice is imprecise. A need for a more nuanced approach to 
estimating an individual’s risk for SH remains. Avoiding 
hypoglycemia by selecting medications that minimize 
hypoglycemia is a possibility. However, the effectiveness of 
this approach is often limited by cost, side effects, usage 
limitations, and ability to improve HbA1c.32 Prospectively 
identifying which patients with T2DM are at the greatest 
risk for SH will allow personalization of glycemic treat-
ment and goals to optimize outcomes. For an individual 
patient, calculating risk scores for SH in the setting of 
intensive versus standard glycemic management may 
be informative. If the risk score is low, clinicians may 
consider more intensive glycemic management. Alter-
natively, if the risk score is high, less intensive glycemic 
management may be considered. The caveat, of course, 
is that acceptable levels of high and low risk need to be 
defined by further research. Our findings may also enrich 
patient selection for clinical trials. As an example, clinical 
trials with SH or SH-related outcomes may increase their 
outcome frequency by enrolling patients with higher SH 
risk scores. Ultimately, these findings warrant further 
study in diverse populations of patients with T2DM to 
address their utility.
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The study has several strengths. The primary strength 
is the use of the ACCORD database, which has rigorously 
documented risk factors, defined follow-up, and adjudi-
cated SH outcomes. We also incorporated risk factors, 
determined a priori to be clinically relevant, based on 
the literature. We acknowledge that several limitations 
exist which may reduce the study’s applicability. The 
first limitation is that the ACCORD research partic-
ipants were selected for their high risk of CV events.27 
Therefore, at the baseline visit, the average ACCORD 
patient was approximately 62 years old, with a median 
of 10-year duration of diabetes and HbA1c of 8.3%.13 
Accordingly, the derived SH risk score must be reassessed 
before use in an alternate population, particularly young 
patients with shorter duration of disease. However, our 
study findings still remain relevant as the prevalence of 
diabetes is 21.8% (95% CI 20.0 to 23.6) in the US popu-
lation ≥65 years old, and approximately 11.3% (95% CI 
9.2% to 13.4%) of the US population ≥65 years old with 
diabetes have HbA1c>8.0.33 Another potential limitation 
is that the intensive glycemic control used in ACCORD 
may not be currently relevant, as these ACCORD partici-
pants achieved a lower HbA1c (6.7%, IQR, 6.2–7.2) after 
randomization, which was sustained for 6 years.13 This 
achieved HbA1c is lower than the current ADA recom-
mendations of goal HbA1c≤7.0% for most adults, and 
≤8.0% for adults with comorbid conditions.6 The extent 
to which HbA1c relates to hypoglycemia is still under 
debate. A previous analysis in ACCORD found that a 
greater drop in HbA1c between baseline and 4 months 
was not associated with an increased risk of hypogly-
cemia.8 Similarly, hypoglycemia has been observed across 
the range of HbA1c in patients with T2DM.19 21 22 We 
acknowledge that short-term risk of hypoglycemia and 
long-term risk of hypoglycemia may represent distinct 
entities. Nevertheless, our risk prediction model paral-
lels several themes also observed with several short-term 
prediction models, namely history of hypoglycemia, 
insulin use, renal function, and age.25 26 Lastly, we 
acknowledge that the clinical trial setting may not reflect 
‘real world’ setting. In ACCORD, 85.7% of the partici-
pants had health insurance, diabetes-related costs were 
covered by the study, follow-up was defined and outcomes 
were adjudicated. In contrast, data derived from the EHR 
can be inconsistent, incomplete, and inaccurate, even for 
the diagnosis of diabetes.34 

Several ‘next steps’ will be needed prior to clinical 
translation of our findings. First, the identified model 
variables, particularly intensive glycemic control, need to 
be mapped into the EHR, similar to previous work which 
classified risk for short-term (12 months) hypoglycemia.26 
Second, this model needs to be validated externally to 
assess the performance of the risk model and point scores 
across a broader population of patients with diabetes. 
Lastly, establishing risk score criteria derived from exten-
sive validation in alternative clinical trials and cohorts of 
patients with diabetes will be necessary in determining 
whether glycemic management should be altered.

In summary, we have constructed a risk score to 
predict 5-year risk of SH in patients with T2DM. Clinician 
awareness of this information may supplement the deci-
sion-making process in glycemic management, poten-
tially altering individual care.

Contributors RZ, SM, ERS, PJS, LSC designed the study. PJS, RZ, SM performed 
the data analysis. RZ, SM, ERS, PJS, LSC all critically reviewed the manuscript and 
provided intellectual content and feedback. All authors reviewed the manuscript 
before submission. LSC is the guarantor of the study and takes responsibility for 
the content of the article.

Funding The study is supported by funding from the University of Minnesota 
Academic Health Center. The ACCORD study was supported by contracts from 
the National Heart, Lung, and Blood Institute (N01-HC-95178, N01-HC-95179, 
N01-HC-95180, N01-HC-95181, N01-HC-95182, N01-HC-95183, N01-HC-
95184, IAA-Y1-HC-9035, and IAA-Y1-HC- 1010), by other components of the 
National Institutes of Health—including the National Institute of Diabetes and 
Digestive and Kidney Diseases, the National Institute on Aging, and the National 
Eye Institute—by the Centers for Disease Control and Prevention, and by the 
General Clinical Research Centers. The following companies provided study 
medications, equipment, or supplies: Abbott Laboratories, Amylin Pharmaceutical, 
AstraZeneca, Bayer HealthCare, Closer Healthcare, GlaxoSmithKline, King 
Pharmaceuticals, Merck, Novartis, Novo Nordisk, Omron Healthcare, Sanofi Aventis, 
and Schering-Plough.

Competing interests None declared.

Patient consent Not required.

ethics approval IRB.

Provenance and peer review Not commissioned; externally peer reviewed.

data sharing statement This manuscript was prepared using the ACCORD 
Research Materials obtained from the NHLBI Biologic Specimen and Data 
Repository Information Coordinating Center and does not necessarily reflect the 
opinions or views of the ACCORD or the NHLBI. The data can be obtained directly 
from the NHLBI Biologic Specimen and Data Repository Information Coordinating 
Center.

Open access This is an Open Access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited and the use is non-commercial. See: http:// creativecommons. org/ 
licenses/ by- nc/ 4. 0/

RefeRences
 1. National Diabetes Statistics Report [article online]. 2014. http://www. 

cdc. gov/ diabetes/ pubs/ statsreport14/ national- diabetes- report- web. 
pdf

 2. UKPDS. Intensive blood-glucose control with sulphonylureas 
or insulin compared with conventional treatment and risk 
of complications in patients with type 2 diabetes (UKPDS 
33). UK Prospective Diabetes Study (UKPDS) Group. Lancet 
1998;352:837–53.

 3. Holman RR, Paul SK, Bethel MA, et al. 10-year follow-up of intensive 
glucose control in type 2 diabetes. N Engl J Med 2008;359:1577–89.

 4. Ismail-Beigi F, Craven T, Banerji MA, et al. Effect of intensive 
treatment of hyperglycaemia on microvascular outcomes in type 
2 diabetes: an analysis of the ACCORD randomised trial. Lancet 
2010;376:419–30.

 5. Gerstein HC, Miller ME, Ismail-Beigi F, et al. Effects of intensive 
glycaemic control on ischaemic heart disease: analysis of 
data from the randomised, controlled ACCORD trial. Lancet 
2014;384:1936–41.

 6. American Diabetes Association. 6. Glycemic Targets: Standards 
of Medical Care in Diabetes-2018. Diabetes Care 2018;41(Suppl 
1):S55.

 7. ADVANCE Collaborative Group, Patel A, MacMahon S, et al. 
Intensive blood glucose control and vascular outcomes in patients 
with type 2 diabetes. N Engl J Med 2008;358:2560–72.

 8. Miller ME, Bonds DE, Gerstein HC, et al. The effects of baseline 
characteristics, glycaemia treatment approach, and glycated 
haemoglobin concentration on the risk of severe hypoglycaemia: 

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2018-000527 on 12 A

ugust 2018. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://www.cdc.gov/diabetes/pubs/statsreport14/national-diabetes-report-web.pdf
http://www.cdc.gov/diabetes/pubs/statsreport14/national-diabetes-report-web.pdf
http://www.cdc.gov/diabetes/pubs/statsreport14/national-diabetes-report-web.pdf
http://www.ncbi.nlm.nih.gov/pubmed/9742976
http://dx.doi.org/10.1056/NEJMoa0806470
http://dx.doi.org/10.1016/S0140-6736(10)60576-4
http://dx.doi.org/10.1016/S0140-6736(14)60611-5
http://dx.doi.org/10.2337/dc18-S006
http://dx.doi.org/10.1056/NEJMoa0802987
http://drc.bmj.com/


9BMJ Open Diab Res Care 2018;6:e000527. doi:10.1136/bmjdrc-2018-000527

Clinical Care/Education/Nutrition

post hoc epidemiological analysis of the ACCORD study. BMJ 
2010;340:b5444.

 9. Duckworth W, Abraira C, Moritz T, et al. Glucose control and 
vascular complications in veterans with type 2 diabetes. N Engl J 
Med 2009;360:129–39.

 10. Irvine AA, Cox D, Gonder-Frederick L. Fear of hypoglycemia: 
relationship to physical and psychological symptoms in patients with 
insulin-dependent diabetes mellitus. Health Psychol 1992;11:135–8.

 11. Marrett E, Radican L, Davies MJ, et al. Assessment of severity and 
frequency of self-reported hypoglycemia on quality of life in patients 
with type 2 diabetes treated with oral antihyperglycemic agents: A 
survey study. BMC Res Notes 2011;4:251.

 12. Leese GP, Wang J, Broomhall J, et al. Frequency of severe 
hypoglycemia requiring emergency treatment in type 1 and type 2 
diabetes: a population-based study of health service resource use. 
Diabetes Care 2003;26:1176–80.

 13. Action to Control Cardiovascular Risk in Diabetes Study Group, 
Gerstein HC, Miller ME, et al. Effects of intensive glucose lowering in 
type 2 diabetes. N Engl J Med 2008;358:2545–59.

 14. Bonds DE, Miller ME, Bergenstal RM, et al. The association 
between symptomatic, severe hypoglycaemia and mortality in type 
2 diabetes: retrospective epidemiological analysis of the ACCORD 
study. BMJ 2010;340:b4909.

 15. Alsahli M, Gerich JE. Hypoglycemia. Endocrinol Metab Clin North 
Am 2013;42:657–76.

 16. Amiel SA, Dixon T, Mann R, et al. Hypoglycaemia in Type 2 diabetes. 
Diabet Med 2008;25:245–54.

 17. Control Group, Turnbull FM, Abraira C, et al. Intensive glucose 
control and macrovascular outcomes in type 2 diabetes. 
Diabetologia 2009;52:2288–98.

 18. Zoungas S, Patel A, Chalmers J, et al. Severe hypoglycemia and 
risks of vascular events and death. N Engl J Med 2010;363:1410–8.

 19. Donnelly LA, Morris AD, Frier BM, et al. Frequency and predictors 
of hypoglycaemia in Type 1 and insulin-treated Type 2 diabetes: a 
population-based study. Diabet Med 2005;22:749–55.

 20. Murata GH, Hoffman RM, Shah JH, et al. A probabilistic model 
for predicting hypoglycemia in type 2 diabetes mellitus: The 
Diabetes Outcomes in Veterans Study (DOVES). Arch Intern Med 
2004;164:1445–50.

 21. Lipska KJ, Warton EM, Huang ES, et al. HbA1c and risk of severe 
hypoglycemia in type 2 diabetes: the Diabetes and Aging Study. 
Diabetes Care 2013;36:3535–42.

 22. Mitchell BD, Vietri J, Zagar A, et al. Hypoglycaemic events in 
patients with type 2 diabetes in the United Kingdom: associations 

with patient-reported outcomes and self-reported HbA1c. BMC 
Endocr Disord 2013;13:59.

 23. Kovatchev BP, Cox DJ, Gonder-Frederick LA, et al. Assessment of 
risk for severe hypoglycemia among adults with IDDM: validation of 
the low blood glucose index. Diabetes Care 1998;21:1870–5.

 24. Qu Y, Jacober SJ, Zhang Q, et al. Rate of hypoglycemia in insulin-
treated patients with type 2 diabetes can be predicted from glycemic 
variability data. Diabetes Technol Ther 2012;14:1008–12.

 25. Schroeder EB, Xu S, Goodrich GK, et al. Predicting the 6-month risk 
of severe hypoglycemia among adults with diabetes: Development 
and external validation of a prediction model. J Diabetes 
Complications 2017;31:1158–.

 26. Karter AJ, Warton EM, Lipska KJ, et al. Development and validation 
of a tool to identify patients with type 2 diabetes at high risk of 
hypoglycemia-related emergency department or hospital use. JAMA 
Intern Med 2017;177:1461.

 27. Buse JB, Byington RP, Cooper LS. Action to Control Cardiovascular 
Risk in Diabetes (ACCORD) Trial: Design and Methods. Am J Cardiol 
2007;99:S21–S33.

 28. Gerstein HC, Riddle MC, Kendall DM, et al. Glycemia treatment 
strategies in the Action to Control Cardiovascular Risk in Diabetes 
(ACCORD) trial. Am J Cardiol 2007;99(12A):S34–S43.

 29. ACCORD Study Group, Gerstein HC, Miller ME, et al. Long-term 
effects of intensive glucose lowering on cardiovascular outcomes. N 
Engl J Med 2011;364:818–28.

 30. Sullivan LM, Massaro JM, D'Agostino RB. Presentation of 
multivariate data for clinical use: The Framingham Study risk score 
functions. Stat Med 2004;23:1631–60.

 31. Cryer PE. Hypoglycaemia: the limiting factor in the glycaemic 
management of Type I and Type II diabetes. Diabetologia 
2002;45:937–48.

 32. Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of 
hyperglycemia in type 2 diabetes, 2015: a patient-centered 
approach: update to a position statement of the American Diabetes 
Association and the European Association for the Study of Diabetes. 
Diabetes Care 2015;38:140–9.

 33. Selvin E, Parrinello CM, Sacks DB, et al. Trends in prevalence and 
control of diabetes in the United States, 1988-1994 and 1999-2010. 
Ann Intern Med 2014;160:517–25.

 34. Spratt SE, Pereira K, Granger BB, et al. Assessing electronic 
health record phenotypes against gold-standard diagnostic criteria 
for diabetes mellitus. J Am Med Inform Assoc 2017;24(e1):e1
21–e128.

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2018-000527 on 12 A

ugust 2018. D
ow

nloaded from
 

http://dx.doi.org/10.1136/bmj.b5444
http://dx.doi.org/10.1056/NEJMoa0808431
http://dx.doi.org/10.1056/NEJMoa0808431
http://dx.doi.org/10.1037/0278-6133.11.2.135
http://dx.doi.org/10.1186/1756-0500-4-251
http://dx.doi.org/10.2337/diacare.26.4.1176
http://dx.doi.org/10.1056/NEJMoa0802743
http://dx.doi.org/10.1136/bmj.b4909
http://dx.doi.org/10.1016/j.ecl.2013.07.002
http://dx.doi.org/10.1016/j.ecl.2013.07.002
http://dx.doi.org/10.1111/j.1464-5491.2007.02341.x
http://dx.doi.org/10.1007/s00125-009-1470-0
http://dx.doi.org/10.1056/NEJMoa1003795
http://dx.doi.org/10.1111/j.1464-5491.2005.01501.x
http://dx.doi.org/10.1001/archinte.164.13.1445
http://dx.doi.org/10.2337/dc13-0610
http://dx.doi.org/10.1186/1472-6823-13-59
http://dx.doi.org/10.1186/1472-6823-13-59
http://dx.doi.org/10.2337/diacare.21.11.1870
http://dx.doi.org/10.1089/dia.2012.0099
http://dx.doi.org/10.1016/j.jdiacomp.2017.04.004
http://dx.doi.org/10.1016/j.jdiacomp.2017.04.004
http://dx.doi.org/10.1001/jamainternmed.2017.3844
http://dx.doi.org/10.1001/jamainternmed.2017.3844
http://dx.doi.org/10.1016/j.amjcard.2007.03.003
http://dx.doi.org/10.1016/j.amjcard.2007.03.004
http://dx.doi.org/10.1056/NEJMoa1006524
http://dx.doi.org/10.1056/NEJMoa1006524
http://dx.doi.org/10.1002/sim.1742
http://dx.doi.org/10.1007/s00125-002-0822-9
http://dx.doi.org/10.2337/dc14-2441
http://dx.doi.org/10.7326/M13-2411
http://dx.doi.org/10.1093/jamia/ocw123
http://drc.bmj.com/

	Development of a model to predict 5-year risk of severe hypoglycemia in patients with type 2 diabetes
	Abstract
	Research design and methods
	The ACCORD study
	Primary outcome
	Candidate risk factors
	Model derivation
	Model validation
	Point score development

	Results
	Baseline characteristics
	Model derivation
	Risk prediction model
	Point score
	Case studies in point score usage
	Case 1
	Case 2


	Conclusions
	References


