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ABSTRACT
Purpose The veterans administration diabetes risk 
(VADR) cohort facilitates studies on temporal and 
geographic patterns of pre- diabetes and diabetes, as 
well as targeted studies of their predictors. The cohort 
provides an infrastructure for examination of novel 
individual and community- level risk factors for diabetes 
and their consequences among veterans. This cohort also 
establishes a baseline against which to assess the impact 
of national or regional strategies to prevent diabetes in 
veterans.
Participants The VADR cohort includes all 6 082 018 
veterans in the USA enrolled in the veteran administration 
(VA) for primary care who were diabetes- free as of 1 
January 2008 and who had at least two diabetes- free 
visits to a VA primary care service at least 30 days 
apart within any 5- year period since 1 January 2003, or 
veterans subsequently enrolled and were diabetes- free at 
cohort entry through 31 December 2016. Cohort subjects 
were followed from the date of cohort entry until censure 
defined as date of incident diabetes, loss to follow- up of 2 
years, death or until 31 December 2018.
Findings to date The incidence rate of type 2 diabetes in 
this cohort of over 6 million veterans followed for a median 
of 5.5 years (over 35 million person- years (PY)) was 26 per 
1000 PY. During the study period, 8.5% of the cohort were 
lost to follow- up and 17.7% died. Many demographic, 
comorbidity and other clinical variables were more 
prevalent among patients with incident diabetes.
Future plans This cohort will be used to study 
community- level risk factors for diabetes, such as 
attributes of the food environment and neighbourhood 
socioeconomic status via geospatial linkage to residence 
address information.

INTRODUCTION
Diabetes mellitus (diabetes) is a chronic 
disease that affects 34.2 million (10.5%) of 
adults and children in the USA.1 As of 2018, 
diabetes was the seventh leading cause of 
death and one of the major contributors to 
heart disease and stroke.2 Adjusting for age 
and gender, all- cause mortality is 1.5 times 
greater for people with diabetes than for 
people without diabetes, and average health-
care costs are 2.3 times higher.3 Another 
88 million American adults (34.5%) are 

estimated to have pre- diabetes and at risk of 
developing diabetes.4

The veterans administration (VA) cares for 
more than 8 million US veterans, of whom 
approximately 25% have diabetes.5 6 The 
annual mortality rate among veterans with 
diabetes is 5%—nearly double that of veterans 
without diabetes.7 8 It is likely that nearly 
3 million other veterans have pre- diabetes. 
These high rates compared with the general 
population may be due to the increased 
proportions of overweight (37%) and obesity 
(41%) among veterans,9 their older age, lower 
socioeconomic status10 and possible exposure 
to herbicides such as Agent Orange.11

Behavioural prevention interventions 
can reduce the incidence of diabetes by 
50%–70%,12 13 but scaling this up for popu-
lation impact has been challenging due to 
the intensity and cost of the intervention 
and challenges of enrolling patients for such 
programmes.14–17

In response to these challenges, we devel-
oped the veterans administration diabetes 
risk (VADR) cohort, a national cohort of all 
US veterans enrolled at the Veterans Health 
Administration since 1 January 2008 who were 

Strengths and limitations of this study

 ► A strength of this national cohort is that it has a large 
size, a high degree of long- term follow- up, and a 
comprehensive set of variables.

 ► The veterans administration (VA) healthcare system 
is the nation’s largest integrated healthcare system, 
in which veterans are followed across all VA facilities 
and in- system providers.

 ► Data are restricted to that which is collected in elec-
tronic health records during the course of clinical 
practice, leading to the possibility of confounding, 
selection bias and measurement error.

 ► The veteran population is predominantly male and 
white, findings may not generalise to minorities or 
to women.
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diabetes- free at enrollment. The cohort was developed as 
a part of the Diabetes Location, Environmental Attributes 
and Disparities network; a Center for Disease Control and 
Prevention (CDC) funded research collaboration among 
Drexel University, Geisinger- Johns Hopkins, New York 
University School of Medicine and University of Alabama 
at Birmingham with the CDC as a collaborative scientific 
partner in the network.18

The VADR cohort facilitates studies on temporal and 
geographic patterns of pre- diabetes and diabetes, as 
well as targeted studies of their predictors. For example, 
the cohort currently provides the infrastructure for the 
nationwide study examining community- level risk factors 
for diabetes incidence and management among veterans 
described above. This cohort also establishes a baseline 
against which to assess the impact of national or regional 
strategies to prevent diabetes in veterans. It also provides 
an analytic cohort to examine the dynamic relationship 
between the COVID-19 pandemic and diabetes outcomes.

COHORT DESCRIPTION
VADR is the largest national cohort of diabetes- free adults 
in the USA. Established in 2017 as a dynamic cohort 
enabled by the VA national electronic health record 
(EHR), the cohort includes diabetes- free US veterans 
enrolled in primary care clinics at any VA facility as 
early as 1 January 2008 through 31 December 2016, and 
followed from cohort entry through 31 December 2018. 
VA primary care clinics operate in 170 VA Medical Centers 
and in more than 1000 Community- Based Outpatient 
Clinics across the USA.19 As a dynamic cohort, subject 
follow- up is ongoing, but this paper reports on the cohort 
from 1 January 2008 through 31 December 2018.

Building on published, validated criteria in EHRs,7 20 
we defined diabetes using the following query- based defi-
nition comprised of any of three criteria: (1) at least two 
encounters (inpatient or outpatient) with documentation 
of a type 2 diabetes ICD-9/10 code (ICD-9: 250.x; ICD-10: 
E11.x) or (2) a documented prescription for a diabetes 
medication other than metformin or acarbose alone; 
or (3) at least one encounter with a diabetes ICD-9/10 
code and two elevated (≥6.5%) glycosylated haemo-
globin (Hgb A1C) laboratory test results (see online 
supplemental appendix 1 for complete definition).21 We 
excluded metformin or acarbose alone from the criteria 
because these drugs may be used for diabetes prevention 
in patients with pre- diabetes; including them may lead to 
misclassifying cases of pre- diabetes as diabetes.22 23 This 
definition for incident diabetes was used to exclude prev-
alent diabetes cases prior to cohort entry and to estimate 
diabetes incidence during the study period.

For the analytic cohort, subjects were eligible if they 
were veterans with at least two diabetes- free visits to a 
VA primary care service, occurring at least 30 days apart, 
from 1 January 2003 to 31 December 2016. Cohort entry 
(baseline) was defined as either 1 January 2008 or the 
date of the second diabetes- free primary care visit for 

subjects entering after 1 January 2008. Eligible subjects 
were allowed to enter the cohort through 31 December 
2016 to allow at least 2 years of follow- up during which 
subjects may be diagnosed with diabetes. Subjects were 
censored when they developed diabetes, died or were lost 
to follow- up (defined as having no encounters in the VA 
health system for more than 2 years). Once a patient was 
lost- to- follow- up, they were not eligible to re- enter the 
cohort. Encounters for follow- up included any visits to 
primary care, specialists, emergency departments, walk- in 
clinics, hospitalisations or nursing home stays at any VA 
facility. Person- years (PY) of follow- up for each subject 
were calculated as the interval between cohort entry date 
and censor date.

As shown in figure 1, the cohort was developed from 
a base total population of 8 346 180 patients seen for at 
least one primary care visit between 1999, the earliest year 
for which EHR data were available on patients and the 
start of the study period. The cohort was then restricted 
to patients seen in the 5 years prior to the study period 
start date, 1 January 2008. Patients were excluded if they 
had fewer than two primary care visits, at least 30 days 
apart during that 5- year time period and less than two 
primary care visits after cohort entry. After excluding 
patients with prevalent diabetes, the initial diabetes- free 
cohort included 2 968 763 patients. Another 3 113 255 
diabetes- free patients met the same eligibility criteria 
after the start of the study period and entered the cohort 
between 1 January 2008 and 31 December 2016, resulting 
in a diabetes- free cohort of 6 082 018 patients.

Information on subjects in the cohort was updated 
daily as it was drawn from EHR at all VA facilities into 
the VA corporate data warehouse (CDW), based on all 
clinical services provided and documented by the VA to 
subjects over time. All data in the cohort were obtained 
through the VA Informatics and Computing Infrastruc-
ture (VINCI), a secure, high- performance interface with 
VA’s national CDW, available through VA’s Information 
Resource Center.24 The CDW contains data integrated 
from VA’s electronic medical record (Veterans Health 
Information Systems and Technology Architecture), 
including all administrative data (eg, all dates of encoun-
ters and diagnostic codes for outpatient and inpatient 
care), patient demographic characteristics, clinical data 
(eg, vital signs, health factors, pharmacy, laboratory, 
radiological, clinical notes) and healthcare utilisation 
factors as they accrue over time, as the CDW is refreshed 
daily.25

The main outcome variable was a new diagnosis of 
type 2 diabetes, measured using the definition described 
earlier.

Predictor variables and covariates
All continuous variables with repeated measures, 
including anthropomorphic, vital signs and laboratory 
values, were defined as the average of the two most recent 
measures, prior to or at the time of cohort entry. If only 
one measure was taken prior to cohort entry, that was 
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used as the baseline measure. The rate of missing data for 
all variables was measured.

Demographic measures were captured at baseline, 
including age, gender, marital status and race/ethnicity. 
First address on file per patient in cohort was exported 
out of the VINCI environment, geocoded using ArcGIS26 
and Python,27 and mapped to show number of patients in 
the cohort per census tract using QGIS.28

Glycaemia and body weight are important predictors of 
diabetes. We measured Hgb A1c as a continuous value, 
and classified as normal (<5.7%), pre- diabetes (5.7% 
to 6.4%) or diabetes (>6.5%). We measured weight in 
pounds and body mass index (BMI), defined as (weight 
in kilograms)/(height in metres).2 BMI was also classified 
as underweight (<18.5); normal (18.5 to <25); overweight 
(25.0 to <30) and obese (>30.0).29

Common comorbidities measured at baseline included 
established risk factors for diabetes such as obesity, hyper-
tension, gestational diabetes, cardiovascular disease, 
chronic kidney disease, hyperuricaemia, fatty liver disease, 
polycystic ovary syndrome and hepatitis C. These and all 
other comorbidities were defined as having at least 1 ICD 
code in the EHR prior to entering the cohort. Hyperlip-
idaemia was defined as at least two encounters with ICD 
codes for hyperlipidaemia, total cholesterol >240 mg/dL 
or the use of lipid lowering medications.30 Hypertension 

was defined as at least ICD code for hypertension or at 
least two consecutive elevated blood pressure (BP) within 
the last 2 years prior to cohort entry.31 32 Elevated BP was 
included as ≥130/80 and ≥140/90, respectively, to comply 
with changes in hypertension guidelines over the course 
of the study period.33 34

Other clinical variables potentially related to diabetes 
incidence included BP (excluding those measured in the 
hospital, emergency department or at night); lipids (total 
cholesterol, high density lipoprotein, low density lipo-
protein and triglycerides); hepatic transaminase enzymes 
(serum aspartate aminotransferase—AST or SGOT—and 
alanine aminotransferase—ALT or SGPT); renal func-
tion (measured as estimated glomerular filtration rate—
eGFR); smoking status: (obtained from health factor files 
within CDW at cohort entry, classified as current, ever or 
never smokers) and agent orange exposure (obtained 
from the number of veterans with agent orange listed as a 
health factor in the medical record).11 Besides this select 
list, all documented diagnoses and treatments are avail-
able for the cohort.

Access to cohort data
Access to VA EHRs data is limited to researchers with 
active, VA appointments and an IRB- approved protocol. 
Once a researcher has a VA appointment and IRB 

Figure 1 Cohort flow diagram of diabetes- free cohort of US veterans, 2008–2016. EHR, electronic health record; LFU, lost to 
follow- up; VA, veterans administration.
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Table 1 Cohort demographics and clinical characteristics at cohort entry by incident diabetes status

All veterans*
Veterans without 
incident diabetes†

Veterans with incident 
diabetes

Not measured or 
missing

N (%) or mean (SD) N (%) or mean (SD) N (%) or mean (SD) N (%)

Total 6 082 018 5 145 422 936 596

Demographic characteristics

Age 58.3 (17) 53.9 (16.1) 61.1 (12.2)

Age categories

  18–34 745 511 (12.3) 592 256 (16.7) 21 788 (2.3)

  35–49 1 009 677 (16.6) 725 427 (20.4) 130 345 (13.9)

  50–64 2 114 275 (34.8) 1 280 132 (36.1) 451 964 (48.3)

  65–79 1 499 787 (24.7) 786 213 (22.2) 261 592 (27.9)

  80+ 712 681 (11.7) 165 264 (4.7) 70 900 (7.6)

Gender 124 (0)

  Male 5 577 892 (91.7) 3 167 502 (89.2) 886 763 (94.7)

  Female 504 002 (8.3) 381 768 (10.8) 49 818 (5.3)

Race ethnicity 612 210 (10.07)

  Non- Hispanic white 4 092 942 (74.8) 2 412 225 (73.8) 614 511 (70.8)

  Non- Hispanic black 889 465 (16.3) 544 434 (16.7) 173 057 (19.9)

  Hispanic 331 817 (6.1) 211 459 (6.5) 55 301 (6.4)

  Non- Hispanic Asian 55 564 (1) 37 545 (1.2) 7705 (0.9)

  NH- Native Hawaiian or other Pacific 
Islandar

50 426 (0.9) 30 228 (0.9) 9020 (1)

  NH- American Indian or Alaska Native 49 594 (0.9) 31 107 (1) 8474 (1)

Marital status 453 512 (7.46)

  Married or living with a partner 3 104 312 (55.2) 1 832 844 (55.2) 477 337 (56.2)

  Single 2 524 194 (44.9) 1 488 661 (44.8) 372 630 (43.8)

Clinical characteristics

  HbA1c 5.7 (0.6) 5.5 (0.4) 6.1 (0.9) 3 608 600 (59.33)

HbA1c categories

  Normal (<5.7%) 1 311 768 (53) 875 677 (62.3) 128 681 (25.8)

  Pre- diabetes (5.7%–6.49%) 1 027 336 (41.5) 514 758 (36.6) 268 105 (53.8)

  Diabetes range (≥6.5%) 134 314 (5.4) 15 302 (1.1) 101 746 (20.4)

  Weight in pounds 196.9 (40.7) 196.6 (38.9) 214.7 (45.1) 260 313 (4.28)

  BMI 28.8 (5.4) 28.7 (5.1) 31.3 (6) 260 313 (4.28)

  Underweight (<18.5) 48 954 (0.8) 18 042 (0.5) 4417 (0.5)

  Normal weight (18.5–<25) 1 308 427 (22.5) 732 429 (21.6) 105 224 (11.7)

  Overweight (25–<30) 2 362 867 (40.6) 1 441 730 (42.5) 294 224 (32.6)

  Obese (≥30) 2 101 457 (36.1) 1 197 716 (35.3) 499 082 (55.3)

Measured blood pressure‡

  Systolic blood pressure 130.4 (14.7) 129.3 (14.2) 133.2 (14.9) 290 882 (4.78)

  Diastolic blood pressure 76.8 (10) 77.6 (9.6) 78 (10.1) 290 882 (4.78)

  Elevated blood pressure (≥130/80) 3 516 559 (60.7) 2 011 621 (59.4) 609 072 (67.9) 290 882 (4.78)

  Elevated blood pressure (≥140/90) 1 499 481 (25.9) 796 617 (23.5) 287 665 (32.1) 290 882 (4.78)

Hypertension

  ≥1 International classification of disease 
(ICD) code or two consecutive elevated 
BP‡ (≥130/80)

2 032 490 (33.4) 2 137 040 (60.2) 760 631 (81.2)

  ≥1 ICD code or two consecutive 
elevated BP‡ (≥140/90)

2 805 063 (46.1) 1 617 389 (45.6) 667 469 (71.3)

Lipids

Continued
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approval, the VA has a comprehensive data infrastructure 
to support secure and remote access to data via the VINCI 
platform. Additionally, deidentified data sets can be estab-
lished and shared with appropriate IRB approval and data 
use agreements. The authors encourage collaborations to 
leverage this cohort to examine how national or regional 
natural experiments may be related to diabetes incidence 
or diabetes outcomes.

Findings to date
The total PY for this national cohort with 6 082 018 
veterans from all 50 states was 35 889 183 (median 5.5 PY, 
IQR: 2.6–9.8). As shown in table 1, the mean age of the 

cohort was 58 years at baseline, 36.4% were 65 or older, 
most were male (91.7%), more than two- thirds were non- 
Hispanic white (74.8%), 16.3% were non- Hispanic black 
and 6.1% were Hispanic. The majority (55.2%) were 
married or living with a partner.

At baseline, the average Hgb A1C was 5.7% among the 
40.7% of the cohort tested at entry, and of these, 41.5% 
had an Hgb A1C in the pre- diabetes range. The average 
weight was 196.9 pounds and average BMI was 28.8 (SD 
5.4). At baseline, 40.6% were overweight and 36.1% were 
obese. Traditional clinical risk factors for diabetes were 
common in this cohort as 46.1% had hypertension, 44.1% 

All veterans*
Veterans without 
incident diabetes†

Veterans with incident 
diabetes

Not measured or 
missing

N (%) or mean (SD) N (%) or mean (SD) N (%) or mean (SD) N (%)

  Total cholesterol 185.5 (38.4) 188.3 (37.7) 185.4 (40.2) 1 101 271 (18.11)

  Triglyceride 140.8 (88.9) 137.6 (86.9) 168.1 (103.2) 1 118 227 (18.39)

  Low- density lipoproteins (LDL) 112.6 (33.1) 115.3 (32.8) 111.4 (34.1) 1 151 308 (18.93)

  High- density lipoproteins (HDL) 46.3 (14.2) 47.3 (14.3) 42.4 (12.5) 1 126 777 (18.53)

  Hyperlipidaemia§ 2 681 683 (44.1) 1 371 518 (38.6) 408 288 (43.6)

Smoking status 3 853 822 (63.36)

  Current smoker 948 272 (42.6) 561 968 (41.9) 140 333 (44.3)

  Not a smoker 1 279 924 (57.4) 780 134 (58.1) 176 777 (55.8)

  Estimated glomerular filtration rate 
(eGFR)

80.1 (18.3) 82.5 (16.7) 78.6 (18.4) 2 718 664 (44.7)

eGFR categories

  eGFR ≥90 (stage 1) 1 036 900 (30.8) 691 968 (33.9) 145 390 (27.9)

  eGFR ≥60 to <90 (stage 2) 1 899 314 (56.5) 1 180 774 (57.8) 300 183 (57.7)

  eGFR <60 (stages 3, 4 or 5) 427 140 (12.7) 169 856 (8.3) 75 168 (14.4)

  Chronic kidney disease (ICD codes) 150 823 (2.5) 47 353 (1.3) 29 236 (3.1)

  Ischaemic heart disease (ICD codes) 999 927 (16.4) 378 832 (10.7) 209 448 (22.4)

  Heart failure (ICD codes) 181 375 (3) 40 411 (1.1) 41 272 (4.4)

  Peripheral vascular disease (ICD codes) 256 054 (4.2) 77 339 (2.2) 55 242 (5.9)

  Stroke (ICD codes) 30 423 (0.5) 10 724 (0.3) 6275 (0.7)

Agent orange exposure (exposed)

  Chronic hepatitis C 102 534 (1.7) 51 789 (1.5) 21 382 (2.3)

  Hyperuricaemia 180 941 (3) 74 543 (2.1) 54 981 (5.9)

  Polycystic ovary syndrome 4970 (1) 3748 (1) 798 (1.6)

  Gestational diabetes 157 (0.03) 131 (0.03) 22 (0.04)

Liver enzymes

  Aspartate aminotransferase (AST) 25.7 (14.3) 25.7 (14.2) 26.7 (14.7) 1 731 271 (28.47)

  Alanine aminotransferase (ALT) 29.5 (19.8) 30.3 (19.9) 32.4 (21.1) 1 634 812 (26.88)

  Elevated AST (>40 U/L) 277 603 (6.4) 156 503 (6.2) 56 466 (8.3) 1 731 271 (28.47)

  Elevated ALT (>40 U/L) 778 931 (17.5) 482 342 (18.6) 158 747 (22.8) 1 634 812 (26.88)

  Fatty liver disease 253 134 (10.4) 136 847 (10.8) 67 367 (15.7) 3 654 047 (60.08)

*Including those lost to follow- up and those died during the study period.
†Only patients who completed the follow- up and were diabetes free at the end of the study.
‡Only recent (within 2 years of cohort entry) BP measurements were used. Nighttime BP (8 PM to 7 AM) and BP measured in ER were excluded.
§Hyperlipidaemia was defined as at least 2 ICD-9/10 codes for hyperlipidaemia, total cholesterol >240 mg/dL or lipid lowering medication use.
BMI, body mass index; BP, blood pressure.

Table 1 Continued
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had hyperlipidaemia and 42.6% were smokers. Other 
clinical risk factors for diabetes included ischaemic heart 
disease (16.4%), peripheral vascular disease (4.2%), heart 
failure (3.0%) and chronic kidney disease (2.5%). Most 
of these risk factors were present at baseline at higher 
rates among those who developed diabetes compared 
with those who did not during cohort follow- up.

Figure 2 shows the number of subjects in the cohort 
over time, from inception 1 January 2008 through 31 
December 2018. Almost half (48.8%) of the cohort 
entered at cohort inception in 1 January 2008, with the 
remainder entering during the study period through 
31 December 2016. During cohort follow- up, 936 596 
(15.4%) veterans developed diabetes, for an incidence 
rate of 26 per 1000 PY. Additionally, 518 489 (8.5%) were 
lost to follow- up, and 1 077 572 (17.7%) died during the 
study period.

Figure 3 shows the geographic distribution of the 
number of patients per tract. The majority of addresses 
were able to be geocoded (89%); of those not geocoded, 
about half were PO boxes and the other half were missing. 
The majority of census tracts had between 20 and 80 
patients.

Because cohort data were drawn from the VA EHR, 
which depends on documentation of services provided, 
some subjects had missing values for some variables 
at baseline. For example, the percentage of missing or 

unmeasured variables at cohort entry were: gender 
(<0.01%); race/ethnicity (10.1%); marital status (7.5%); 
BMI (4.3%) and Hgb A1C (59.3%). The missing race/
ethnicity variable in VA data is widely known.35 Screening 
for diabetes with Hgb A1c became more common after 
the recommendation was published in 2009.36

Strengths and limitations
A primary strength of this national cohort is its large size 
and long- term follow- up. The cohort includes a compre-
hensive set of demographic, anthropomorphic, clinical, 
treatment and other administrative variables, drawn from 
all inpatient and outpatient encounters, each of which 
are automatically updated over time. In addition to the 
select comorbidities identified in this paper, the cohort 
includes data related to all comorbidities. Future work will 
include calculation of a multimorbidity index to measure 
the impact of medical history on emergence of diabetes.37

As the nation’s largest, integrated healthcare system, 
the VA follows veterans across all VA facilities, even after 
moving and changing VA facilities or providers within the 
system. Additionally, data on veterans who are Medicare 
or Medicaid beneficiaries and seek healthcare outside of 
the VA will be included by merging the study cohort with 
data from the Centers for Medicare and Medicaid. Finally, 
home addresses are available and were geocoded in order 
to study the effect of community level characteristics and 
the impact of moving over time on incident diabetes in 
future work using this cohort.

The cohort has a few limitations. It relies on data docu-
mented during the course of clinical practice in EHRs 
and thus causal inferences face difficulties associated with 
unmeasured confounding, selection bias and measure-
ment error. Selection biases may arise as lower healthcare 
utilisers are more likely to be lost to follow- up or excluded, 
and higher utilisers may be more likely to meet criteria 
for key exposure and outcome variables. This is partially 
mitigated by the several- year, longitudinal follow- up.

The veteran population is predominantly male and 
white, and so the findings may not generalise to minori-
ties or to women. Nonetheless, our large cohort ensures 
a sufficient and growing sample of women veterans (504 
002) and patients from major ethnic/racial groups (889 
465 NH black veterans, 331 817 Hispanic veterans), 
providing the ability to study diabetes incidence among 

Figure 2 Cohort trends, with cumulative numbers and percentage of patients, 2008 through 2018. PY, person- years.

Figure 3 Geographic distribution of VADR cohort. VADR, 
veterans administration diabetes risk.
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these subgroups and improving the generalisability of our 
findings to non- veteran populations.

CONCLUSION
The VADR cohort is an important example of how large 
retospecitve cohorts can be developed using EHRs, 
designed with methodologic and statistical approaches 
to increase generalisability and validity. The benefits of 
such large cohorts are that they can offer more informa-
tion and ability to examine associations in substrata than 
smaller cohorts. Follow- up is ongoing and presented here 
through 31 December 2018. While the main outcome of 
interest was incidence of type 2 diabetes in this cohort, 
the infrastructure is well suited to support studies of 
diabetes management and management of other chronic 
conditions using incident cases of diabetes, particularly as 
retention has been shown to be good. During the study 
period, only 8.5% of the cohort were lost to follow- up and 
17.7% died. Additional methodologic work is needed 
to address biases unique to EHR- based observational 
studies, including cohort selection bias and non- ignorable 
missing data.

Patient and public involvement
This cohort study was conducted without engagement or 
coproduction by patients or the public.
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