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Abstract

Prevalence of diabetes and prediabetes, as well as cardiovascular disease is very
high among Veterans. The aim of the study is to evaluate the rate of progres-
sion of prediabetes and the factors associated with progression to diabetes.
This is an observational, retrospective data-base study of progression of pre-
diabetes to diabetes at Veterans Health Administration at Columbia, South
Carolina, diagnosed between 2008 and 2019 based on HbA1C (5.7 to 6.4). We
calculated the time interval to progress to diabetes from the date of baseline
data, and then the percentage of subjects progressed to diabetes is calculated
as 1% year, 2™ year and so on. Statistical analysis included descriptive statis-
tics and correlation of parameters with progression to diabetes. Subjects with
prediabetes identified include 72,604 with mean age 66 and mean HbA1C of
5.9. Among the study population, only 8% were women. Association of hyper-
tension was 55% and atherosclerotic coronary artery disease was 13%. Among
the study population, 10,710 subjects did not have follow up. Among 61,894
prediabetics 21,954 (35%) progressed to diabetes, while 39,940 (65%) remained
as prediabetic. Those progressed to diabetes had relatively higher HbA1C and
associated with higher prevalence of atherosclerotic cardiovascular disease,
hypertension and are older by age. About 60% of those progressed to diabetes
are within 2 years from baseline. We conclude that aggressive measures are
necessary to prevent progression to diabetes to decrease the morbidity asso-
ciated with diabetes and health care burden. It is essential to identify those
progress to diabetes, such as biomarker evaluation.
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1. Background

Prevalence of type 2 diabetes among Veterans is >25%, compared to that of gen-
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eral population. In US, 84.1 million adults have prediabetes (33.9% population).
Among them 23.1 million adults are aged 65 or older. Prediabetes is an interme-
diate condition with blood glucose levels just above normoglycemia and diabetes,
have a higher risk of developing T2DM and associated pathophysiology. The di-
agnostic criteria for diabetes according to American Diabetes Association (ADA)
include impaired fasting glucose (IFG) with fasting glucose between 100 and
125; impaired glucose tolerance (IGT) with 2-hour post prandial glucose be-
tween 140 - 199 mg/dl (7.8 - 11.0 mmol/l) or hemoglobin A1C (HbA1C) be-
tween 5.7 and 6.4. Prediabetes is increasingly prevalent and is associated with
adverse cardiovascular risk, in addition to be high risk of progression to di-
abetes. Framingham study noted that individuals with early-onset prediabetes,
despite lifelong avoidance of overt diabetes, had greater propensity for death
due to cardiovascular or coronary versus non-cardiovascular disease compared
with those who maintained lifelong normal glucose status [1]. Obesity and
overweight are high among Veterans with obesity rates of 41% and overweight
of 37%. The primary objectives of this study were to evaluate the rate of progres-
sion of prediabetes to diabetes and associated conditions and or risk factors for
that.

2. Methods

Design: Single center, retrospective study done at William Jennings Bryan Dorn
Veteran Hospital in Columbia SC. This study of prediabetes (hemoglobin A1C
between 5.7 and 6.4) progression to diabetes, included all available subjects with
prediabetes between January 2008 to June 2019 with exclusion of subjects with
diabetes with low HbA1C and on glucose lowering medications for diabetes. The
data for this study was collected utilizing computerized patient record system
(CPRS) based on hemoglobin A1C who qualifies for prediabetes and without a
diagnosis of diabetes, after approval by institutional review board (IRB) as well

as research and development board.

3. Statistical Analysis

Data are expressed as mean * SD (standard deviation). Continuous variables
were compared using Student’s £ test. Statistical significance was considered at p
< 0.05. The rate of progression to diabetes was carried out for each follow up

year.

4. Results

Data was available for 72,604 subjects. Among them 10,710 subjects did not have
follow up HbA1C or other labs. The baseline data of all subjects is shown in Ta-
ble 1. Follow-up data is available for 61,894 subjects. Among those who had fol-
low up, 21,954 (35%) progressed to diabetes, while 39,940 (65%) remained as
prediabetic. The comparative data of those progressed and who did not progress

is shown in Table 2. Time interval for progression was at a mean of 831 days
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with range of 90 days to 3727 days. Most of those progressed to diabetes (about
60% of those progressed) are within 2 years from baseline as shown in Graph 1.
The mean age of subjects who progressed to diabetes is 69 with HbA1C of 6.15
compared to the mean age of 66 in those who did not progress. Progression to
diabetes negatively correlated with HbA1C (r= 0.34; p < 0.001). Associated oth-
er risks include VMI, hypertension and atherosclerotic cardiovascular disease as

shown in Table 3.

Table 1. Baseline data of all subjects with prediabetes.

Total number 72,604

Age 66 t 14

BMI 32+26

HbAIC 59+1.1
HTN (%) 55
ASCVD (%) 13
Hyperlipidemia/meds (%) 55

HTN: hypertension; ASCVD: atherosclerotic cardiovascular disease; BMI: Body mass index (kg/m?).

Table 2. Comparison between those who progressed to diabetes and not progressed to

diabetes.
Prog to DM No. prog to DM p Value
No. 21,954 39,940 <0.01
Age 69 65 <0.01
HTN % 79 54 <0.01
CAD% 21 10 <0.01
HbA1C 6.15 5.9 <0.01

HTN: hypertension; ASCVD: atherosclerotic cardiovascular disease; BMI: Body mass index (kg/m?).
% Subjects progressed by Follow up years
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Graph 1. Showing percentage of subjects progressed to diabetes from baseline.
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Table 3. Rate of progression of prediabetes to diabetes from baseline.

% Sub Mean A1C Mean age HTN (%) ASCVD (%)
1% Year 35 6.23 70.3 81 22
2" Year 25 6.17 69.4 78 18
3" Year 13 6.12 69.2 78 16
4™ Year 9 6.1 68.4 71 13
5% Year 6 6.07 68.7 70 13
>5 Years 12 6.02 67.5 73 12

% sub: Percentage of subjects progressed to diabetes; HTN: Hypertension; ASCVD: atherosclerotic Cardi-
ovascular disease.

5. Discussion

In this study, we noted prevalence of prediabetes among Veterans is around 23%
- 27%. Diabetes is > 25% among Veterans. Obesity is a high-risk factor for insu-
lin resistance. Obesity and overweight are high among Veterans with obesity rates
of 41% and overweight of 37%. In this study, most of the prediabetics are obese.
The first interesting finding is negative correlation with HbA1C with the rate of
progression. Weight loss strategies with significant improvements in weight had
decreased rates of progression to diabetes [2] [3]. The next interesting finding is
that higher rate of progression to diabetes was associated with higher prevalence
of hypertension. Similar to our data, a cost analysis study of prediabetes reported
that presence of hypertension substantially increased health care costs and likelih-
ood of progression to diabetes [4]. Those who progressed early had high rates of
hypertension and atherosclerotic cardiovascular disease. Our data is similar to the
reported data that indicated elevated cardiovascular risk in subjects with predia-
betes and hypertension (odds ratio, 2.41; 95% confidence interval, 1.25 - 4.64) [5].
In meta-analysis, as well as prospective studies, it is reported that lifestyle in-
tervention was shown safe, cost effective and efficacious to prevent progression n
to diabetes [6] [7] [8] [9]. Similarly increasing physical activity said to decrease
the rate of progression. [10] [11]. In Framingham studyj, it is reported that Indi-
viduals with early-onset prediabetes (<50 years of age), despite lifelong avoidance
of overt diabetes, had greater propensity for death due to cardiovascular or coro-
nary versus non-cardiovascular disease compared with those who maintained li-
felong normal glucose status [1]. Vitamin D deficiency association noted in pre-
diabetes progression [12] [13]. In a recent clinical trial, Vitamin D supplementa-
tion did not decrease progression to diabetes [14]. In my opinion, those comorbid
conditions in prediabetics lead to Vitamin D deficiency and hence did not make

much difference in rate of progression with supplementation.

6. Conclusion

Prediabetics with HbA1C at or more than 6 need extra attention to prevent pro-

gression to diabetes. While the threat of the rising prevalence of diabetes and its
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attendant costs increases, all that can be done to prevent diabetes should be done
with urgency. Similarly, associated comorbid conditions should be addressed to

prevent cardiovascular morbidity and mortality.

Limitations

Since it is a retrospective study, two-hour post prandial glucoses are not availa-
ble to correlate with progression. Second limitation is limited information on

family history of diabetes. Third is lack of lifestyle information.
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