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Abstract

Diabetes is associated with substantially increased mortality. Classic risk factors explain a portion
of the excess of mortality in type 2 diabetes. The aim of this study was to examine whether visit-
to-visit variation in fasting glucose and haemoglobin Alc values in the Veteran Affairs Diabetes
Trial were associated with all-cause mortality in patients with type 2 diabetes in addition to other
comorbidity conditions, hypoglycaemic events and adverse lifestyle behaviours. The Veteran
Affairs Diabetes Trial was a randomized trial that enrolled 1791 military veterans who had a
suboptimal response to therapy for type 2 diabetes to receive either intensive or standard glucose
control. During the Veteran Affairs Diabetes Trial, fasting glucose and haemoglobin Alc were
measured quarterly for up to 84 months. Variability measures included coefficient of variation and
average real variability. We found that variability measures (coefficient of variation and average
real variability) of fasting glucose were predictors of all-cause mortality, even after adjusting for
comorbidity index, mean fasting glucose and adverse lifestyle behaviour during the study.
Accounting for severe hypoglycaemia did not weaken this association. Our analysis indicates that
in the Veteran Affairs Diabetes Trial, longitudinal variation in fasting glucose was associated with
all-cause mortality, even when accounting for standard measures of glucose control as well as
comorbidity and lifestyle factors.
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Introduction

Methods

Diabetes is associated with substantially increased mortality.1=* Classic risk factors, for
example, older age and pre-existing cardiovascular disease (CVD), explain a portion of the
excess of mortality in type 2 diabetes (T2D).>~7 Although improving glycaemic control,
usually assessed by mean levels of haemoglobin Alc (HbAlc) or fasting glucose, is a key
recommended goal for clinicians to enhance diabetes care,8-10 the relationship of glucose
control with mortality appears more complicated. Data from observational studies have
shown J-shaped distributions for mortality and glycaemic control, with not only high HbAlc
but also low HbA1c associated with mortality risk.11-13 Moreover, intensive efforts to lower

glucose in more advanced T2D patients have failed to reduce, or even increased, mortality.
14-16

Recently, several studies reported adverse effects of glycaemic variation on macro- and
microvascular complications, as well as risk of hypoglycaemia.1’22 However, studies to
examine the relationship of glycaemic instability with mortality in T2D patients have been
limited in number and have varied widely in the patient population studied, the length of
follow-up and in the source and nature of the data collected.23-26 An investigation using
primary care medical record data from the United Kingdom among diabetes patients aged 70
years and older reported the association between glycaemic variability, as measured by
variability in HbAlc over a 5-year period, and mortality.11 Among US military veterans with
T2D, Prentice et al.# used electronic medical records (EMR) to examine the relationship
between HbA1c variability and adverse health outcomes including all-cause mortality. Using
data from the only glucose lowering trial that has examined this issue, visit-to-visit
glycaemic variability (HbAlc and blood glucose) was identified as a strong independent
predictor of mortality for mildly hyperglycaemic T2D patients randomized to intensive
glucose lowering therapy in the Action in Diabetes and Vascular Disease: Preterax and
Diamicron MR Controlled Evaluation (ADVANCE) trial.18 However, a critical concern in
prior studies is whether unmeasured factors in underlying health or behaviour may confound
the relationships of glycaemic variation with mortality. Whereas Prentice et al. adjusted for
baseline comorbidity, this may be less completely captured in EMR. Moreover, no studies
have adequately considered adverse lifestyle behaviours during follow-up.

Therefore, we used data collected during the Veteran Affairs Diabetes Trial (VADT) to
examine the association of time-dependent glycaemic variability with mortality. As
extensive data collection was possible during the frequent in person visits, the current
analysis was able to more fully account for health status and adverse lifestyle behaviours
when examining the association of glycaemic variability with all-cause mortality.

The VADT was a randomized trial that enrolled 1791 military veterans (mean age, 60.4
years) who had a suboptimal response to therapy for T2D (HbAlc > 7.5%) to receive either
intensive or standard glucose control.>27 HbAlc and fasting glucose were measured every 3
months up to a maximum of 84 months. We excluded observations from the first 6 months
of the trial to eliminate the effect of rapid reduction (per protocol) in fasting glucose and
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HbALc and excluded individuals with two or fewer measurements of fasting glucose or
HbAlc. The primary outcome for this analysis was all-cause mortality.

Lifestyle data were extracted from baseline and quarterly follow-up questionnaires: (1) do
patients currently smoke cigarettes: if “Yes’ code as 1, if ‘“No’ code as ‘0’; (2) do patients
exercise regularly: if “Yes’ code as ‘0’, if ‘No’ code as ‘1’; (3) do patients adhere to diet: if
“Yes’ code as ‘07, if “No’ code as “1’. To generate adverse lifestyle score, we counted the
total number of adverse behaviours over the three questions at each visit. In order to study
the contribution of lifestyle score to glycaemic variability, we first categorized visit-to-visit
glycaemic variability into the lower 50% and upper 50% and used the lifestyle score in a
generalized estimation equation model to estimate its relationship with glycaemic variability.
We found that a cumulative (worse) lifestyle score was a modest but statistically significant
predictor of increased glycaemic variability [odds ratio (confidence interval, Cl), 1.021
(1.011, 1.031), p< 0.0001] and all-cause mortality [hazard ratio (HR) (CI), 1.027 (1.010,
1.044), p=0.001].

We compared risks of cumulative mean, maximum and most recent fasting glucose or
HbA1c values prior to the mortality event with measures of variability for both fasting
glucose and HbAlc. Coefficient of variation (CV) and average real variability (ARV) are
frequently used and distinct measures of glycaemic variability.#18:21.28-30 Ag previously
described,?! we normalized these by means of fasting glucose and HbA1c, respectively.
Variables of glycaemic risk were calculated as continuous and time-dependent covariates in
Cox proportional hazard models.17:31 We first examined quintiles of (CV)log-glucose and
ARV-glucose (or similar variability measures using HbAlc) to compare the risks of
mortality between high versus low variability groups in an age-adjusted model.2! Risk of
continuous glycaemic variation measures were then modelled after adjusting for: Model 1:
age only; Model 2: age and baseline covariates reflecting significant baseline differences in
characteristics between those who did and did not die during the study (Table 1) including a
modified updated Charlson comorbidity index to reflect diabetes-related comorbidity
(Supplementary Table 1; similar results were obtained if using standard Charlson
comorbidity index;32:33 Model 3: age, baseline covariates and cumulative mean of fasting
glucose or HbA1c to clarify whether variability measures provided risk prediction beyond
standard glucose measures; Model 4: Model 3 and a lifestyle score that was treated as a
time-dependent covariate. Finally, we considered whether severe hypoglycaemia could be
driving the relationship between glycaemic variability and mortality. We first added the
variable cumulative severe hypoglycaemia to Model 4 and second, we repeated analysis after
removing all patients with severe hypoglycaemia events.

All statistical analyses were performed using R version 3.4.4 (https://www.r-project.org). A
two-sided p < 0.05 was considered statistically significant.

A total of 1659 individuals who had at least two measurements of fasting glucose or HbAlc
after the first 6 months were included in the analysis, of which 166 died during the study.
The mean and median time to all-cause death was 48.5 and 48.4 months. There were on
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average 18.5 visit fasting glucose and HbA1c measures for individuals within the cohort,
and a maximum of 26 measures. The cohort was 90% men and had a mean (SD) age of 64.4
(8.6) years. Several baseline risk factors were associated with mortality, including ethnicity
[non-Hispanic White (NHW) or not], diabetes duration, prior CVD event, baseline diastolic
blood pressure, baseline high-density lipoprotein (HDL) cholesterol, baseline total
cholesterol and the updated Charlson comorbidity index (Table 1).

In an age-adjusted model, for fasting glucose and HbAlc, both log(CV) and ARV show
significant trends for increasing risk of mortality with higher quintiles of glucose variability
(Figure 1). Compared with quintile 1, individuals with fasting glucose variability in the
upper quintiles (i.e. quintiles 2, 3, 4 and 5) had significantly higher risk of all-cause
mortality. Although there was a significant trend for increasing mortality risk with HbAlc
variability, HbAlc variability measures were generally weaker predictors of all-cause
mortality than fasting glucose measures of variability.

In Model 2 adjusting for multiple baseline risk factors, the variables’ cumulative mean
fasting glucose, cumulative maximum fasting glucose, glucose measures (glucose and
HbALc) just prior to death, and log(CV) and ARV of fasting glucose were all significant risk
factors (p < 0.05) for all-cause death (Table 2). After additionally adjusting for cumulative
mean HbALc or glucose (Model 3), both fasting glucose and HbAlc variability measures
were still significant. Interestingly, variability measures, but not standard measures of
glucose control, were significant predictors of all-cause mortality, after adjusting for age,
baseline risk factors and cumulative mean HbA1c or glucose.

As adverse lifestyle behaviour may confound the association between glucose variation and
mortality, we examined whether adverse behaviours contributed to glucose variability and
whether this contribution explained the association of glucose variability with mortality. We
found that a cumulative (worse) lifestyle score was a modest but statistically significant
predictor of increased glycaemic variability (Supplementary Material). However, after
additional adjustment for the effects of cumulative lifestyle factors (Model 4), fasting
glucose variability remained a significant predictor of all-cause mortality and was weakened
by only 2%—4%.

Additional adjustment for severe hypoglycaemia did not reduce the association of fasting
glucose variability with all-cause mortality, but reduced significance of HbA1lc variability.
When excluding participants who experienced severe hypoglycaemia events (1= 268), we
found no change in the relationships of log(CV) glucose and ARV glucose with all-cause
mortality (Table 3).

Discussion

Our findings show that during the VADT glucose lowering intervention phase, visit-to-visit
variability measures were significantly associated with all-cause mortality. Adjustment for
standard risk factors and standard measures of glucose control (e.g. fasting glucose) did not
lessen the association. These data indicate that even these relatively simple measures of
visit-to-visit variation may provide additional information regarding future mortality risk.
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Although the number of events was substantially lower, significant associations were found
for both CVD specific (n=57) and all other (7= 109) mortality endpoints in exploratory
analyses (p < 0.05 for both fasting glucose log(CV) and ARV for using Model 4).

These findings are consistent with the growing body of work demonstrating that oscillation
of plasma glucose can enhance oxidative stress generation and alter endothelial function
more than stable elevated levels of glucose.28:34:35 This suggests that the pattern of glucose
control, not just the absolute levels, may also be a determinant of disease risk.

The VADT was a large, carefully conducted trial that provides a more carefully defined and
better characterized cohort than was examined in most previously reported studies.111° This
allows us both confidence in the “fasting’ nature of blood draws and in the estimates for very
important potential confounders such as hypoglycaemia, comorbidity and unhealthy lifestyle
behaviour; factors that have infrequently been considered (and never altogether) in analyses.
The persistence of glucose variation measures as predictors of all-cause mortality after
accounting for these variables provides further support for their unique and clinical
importance. In addition, there were many visits over the nearly 7 years of follow-up
providing many glucose measures for a robust estimate of long-term visit-to-visit variation.
As the VADT was a randomized study of glucose treatment intensity (not different
medication classes), participants’ diabetes medications were quite similar overall, removing
an important potential contributor to glucose variation and outcomes that were less readily
addressed in prior observational studies. In contrast to the sub-analysis of ADVANCE,18 this
analysis was not limited to the more intensively treated arm, providing a complementary
whole cohort analysis that helps make these findings more generalizable.

Our study has several limitations. The typical participant in the VADT was older,
predominantly male and at high CVD risk. These results do however support the findings
reported from ADVANCE,18 which included a more diverse set of T2D participants. We
were not able to estimate daily glucose variation as that requires more extensive collection of
daily glucose measures than was conducted within the VADT. This within day glycaemic
variation could add to, or perhaps account for, the effects of visit-to-visit variation. Finally,
there are potentially other unmeasured variables, including other adverse lifestyle
behaviours, that may account for some of the relationship between glucose variation and
mortality.

In conclusion, our study finds a strong association between higher visit-to-visit glycaemic
variability and increased risk of mortality during the VADT that is independent of other
traditional risk factors. These associations persist even when accounting for the increased
risk for severe hypoglycaemia that accompanies greater glucose variation. These results
greatly strengthen the growing body of evidence supporting the importance of glycaemic
variation in diabetes complications and suggest that efforts to improve glucose control in
patients may need to consider how these strategies influence glucose fluctuation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Diab Vasc Dis Res. Author manuscript; available in PMC 2020 July 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhou et al. Page 6

Acknowledgements

The contents of this article do not represent the views of the US Department of Veterans Affairs or the United States
Government. The authors also acknowledge the contributions of the Hines VA Cooperative Studies Program
Coordinating Center. J.J.Z. and P.R. conceived and designed the study, analysed and interpreted the data, and wrote
the manuscript. G.B. advised on statistical analysis methods and acquired the data. P.R. was an executive committee
member for the VADT. All authors reviewed and edited the manuscript, approved the final version and are
accountable for all aspects of the work. J.J.Z. is the guarantor of this work and, as such, had full access to all the
data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis.
Glycemic Control and Complications in Diabetes Mellitus Type 2 (VADT) is registered at ClinicalTrials.gov with
identifier: NCT00032487.

Funding

The author(s) disclosed receipt of the following financial support for the research, authorship, and/or publication of
this article: This work was supported by the Veterans Affairs Cooperative Studies Program, Department of Veterans
Affairs Office of Research and Development. Additional support was received from the National Institutes of
Health (R01-067690 and 5R01-094775 to P.R.) and the American Diabetes Association (to P.R.). J.J.Z. is supported
by NIH grant (K01DK106116).

References

1. Wang SL, Head J, Stevens L, et al. Excess mortality and its relation to hypertension and proteinuria
in diabetic patients. Diabetes Care 1996; 19: 305-312. [PubMed: 8729151]

2. Wei M, Gaskill SP, Haffner SM, et al. Effects of diabetes and level of glycemia on all-cause and
cardiovascular mortality. Diabetes Care 1998; 21: 1167-1172. [PubMed: 9653614]

3. de Marco R, Locatelli F, Zoppini G, et al. Cause-specific mortality in type 2 diabetes. Diabetes Care
1999; 22: 756-761. [PubMed: 10332677]

4. Prentice JC, Pizer SD and Conlin PR. Identifying the independent effect of HbAlc variability on
adverse health outcomes in patients with type 2 diabetes. Diabet Med 2016; 33: 1640-1648.
[PubMed: 27279250]

5. Ford ES and DeStefano F. Risk factors for mortality from all causes and from coronary heart disease
among persons with diabetes. Am J Epidemiol 1991; 133: 1220-1230. [PubMed: 2063830]

6. Gall MA, Borch-Johnsen K, Hougaard P, et al. Albuminuria and poor glycemic control predict
mortality in NIDDM. Diabetes 1995; 44: 1303-1309. [PubMed: 7589828]

7. Laakso M, Lehto S, Penttila I, et al. Lipids and lipoproteins predicting coronary heart disease
mortality and morbidity in patients with non-insulin-dependent diabetes. Circulation 1993; 88:
1421-1430. [PubMed: 8403288]

8. Nathan DM, Genuth S, Lachin J, et al. The effect of intensive treatment of diabetes on the
development and progression of long-term complications in insulin-dependent diabetes mellitus. N
Engl J Med 1993; 329: 977-986. [PubMed: 8366922]

9. 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: 837-853. [PubMed: 9742976]

10. Stettler C, Allemann S, Juni P, et al. Glycemic control and macrovascular disease in types 1 and 2
diabetes mellitus: meta-analysis of randomized trials. Am Heart J 2006; 152: 27-38. [PubMed:
16824829]

11. Forbes A, Murrells T, Mulnier H, et al. Mean HbA1c, HbAlc variability, and mortality in people
with diabetes aged 70 years and older: a retrospective cohort study. Lancet Diabetes Endocrinol
2018; 6: 476-486. [PubMed: 29674135]

12. Currie CJ, Peters JR, Tynan A, et al. Survival as a function of HbA(1c) in people with type 2
diabetes: a retrospective cohort study. Lancet 2010; 375: 481-489. [PubMed: 20110121]

13. Huang ES, Liu JY, Moffet HH, et al. Glycemic control, complications, and death in older diabetic
patients: the diabetes and aging study. Diabetes Care 2011; 34: 1329-1336. [PubMed: 21505211]

14. 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: 2545-2559.
[PubMed: 18539917]

Diab Vasc Dis Res. Author manuscript; available in PMC 2020 July 24.


http://ClinicalTrials.gov
https://clinicaltrials.gov/ct2/show/NCT00032487

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhou et al.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Page 7

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: 129-139. [PubMed: 19092145]

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: 2560-2572.
[PubMed: 18539916]

Lachin JM, Bebu I, Bergenstal RM, et al. Association of glycemic variability in type 1 diabetes
with progression of microvascular outcomes in the diabetes control and complications trial.
Diabetes Care 2017; 40: 777-783. [PubMed: 28404658]

Hirakawa Y, Arima H, Zoungas S, et al. Impact of visit-to-visit glycemic variability on the risks of
macrovascular and microvascular events and all-cause mortality in type 2 diabetes: the ADVANCE
trial. Diabetes Care 2014; 37: 2359-2365. [PubMed: 24812434]

Gorst C, Kwok CS, Aslam S, et al. Long-term glycemic variability and risk of adverse outcomes: a
systematic review and meta-analysis. Diabetes Care 2015; 38: 2354-2369. [PubMed: 26604281]
Zinman B, Marso SP, Poulter NR, et al. Day-to-day fasting glycaemic variability in DEVOTE:
associations with severe hypoglycaemia and cardiovascular outcomes (DEVOTE 2). Diabetologia
2018; 61: 48-57. [PubMed: 28913575]

Zhou JJ, Schwenke DC, Bahn G, et al. Glycemic variation and cardiovascular risk in the veterans
affairs diabetes trial. Diabetes Care 2018; 41: 2187-2194. [PubMed: 30082325]

Rodbard D Glucose variability: a review of clinical applications and research developments.
Diabetes Technol Ther 2018; 20(S2): S25-S215. [PubMed: 29916742]

Egi M, Bellomo R, Stachowski E, et al. Variability of blood glucose concentration and short-term
mortality in critically ill patients. Anesthesiology 2006; 105: 244-252. [PubMed: 16871057]
Krinsley JS. Glycemic variability: a strong independent predictor of mortality in critically ill
patients. Crit Care Med 2008; 36: 3008-3013. [PubMed: 18824908]

Hermanides J, Vriesendorp TM, Bosman RJ, et al. Glucose variability is associated with intensive
care unit mortality. Crit Care Med 2010; 38: 838-842. [PubMed: 20035218]

Timmons JG, Cunningham SG, Sainshbury CA, et al. Inpatient glycemic variability and long-term
mortality in hospitalized patients with type 2 diabetes. J Diabetes Complications 2017; 31: 479—
482. [PubMed: 27343028]

Hayward RA, Reaven PD, Wiitala WL, et al. Follow-up of glycemic control and cardiovascular
outcomes in type 2 diabetes. N Engl J Med 2015; 372: 2197-2206. [PubMed: 26039600]
Brownlee M and Hirsch I1B. Glycemic variability: a hemoglobin Alc-independent risk factor for
diabetic complications. JAMA 2006; 295: 1707-1708. [PubMed: 16609094]

Bolli GB. Glucose variability and complications. Diabetes Care 2006; 29: 1707-1709. [PubMed:
16801607]

Skriver MV, Sandbaek A, Kristensen JK, et al. Relationship of HbAlc variability, absolute changes
in HbAlc, and all-cause mortality in type 2 diabetes: a Danish population-based prospective
observational study. BMJ Open Diabetes Res Care 2015; 3: e000060.

Lin CC, Chen CC, Chen FN, et al. Risks of diabetic nephropathy with variation in hemoglobin Alc
and fasting plasma glucose. Am J Med 2013; 126: 1017.e1-1017.e10.

Charlson ME, Pompei P, Ales KL, et al. A new method of classifying prognostic comorbidity in
longitudinal studies: development and validation. J Chronic Dis 1987; 40: 373-383. [PubMed:
3558716]

Quan H, Li B, Couris CM, et al. Updating and validating the Charlson comorbidity index and score
for risk adjustment in hospital discharge abstracts using data from 6 countries. Am J Epidemiol
2011; 173: 676-682. [PubMed: 21330339]

Ceriello A, Esposito K, Piconi L, et al. Oscillating glucose is more deleterious to endothelial
function and oxidative stress than mean glucose in normal and type 2 diabetic patients. Diabetes
2008; 57: 1349-1354. [PubMed: 18299315]

Monnier L, Mas E, Ginet C, et al. Activation of oxidative stress by acute glucose fluctuations
compared with sustained chronic hyperglycemia in patients with type 2 diabetes. JAMA 2006;
295: 1681-1687. [PubMed: 16609090]

Diab Vasc Dis Res. Author manuscript; available in PMC 2020 July 24.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Zhou et al.

Page 8

Quintile of log(CV)-glucose

Trend Test:
HR (95% Cl): 1.19 (1.086, 1.34)
P =0.004

Hazard Ratio
N

Hazard Ratio

Blood Glucose HbA1c
4
Trend Test: o ok
ek
6|  HR(95% Cl): 1.27 (1.13, 1.42) - Trend Test:
P = <0.001 T HR (95% Cl): 1.23 (1.1, 1.38)
3 P = <0.001
_g *kk Hkk g
&4 - 3
° B2
g ]
I
e
2
0
1 2 3 4 5 1 5

3
Quintile of log(CV)-HbA1c

Trend Test:
HR (95% Cl): 1.14 (1.01, 1.29)
P =0.031

3
Quintile of ARV-glucose

3
Quintile of ARV-HbA1c

Figurel.

Hazard ratio (HR) estimates for quintiles of Log(CV)-glucose and ARV-glucose for
mortality adjusted for age. Vertical bars shown are the 95% confidence interval (95% CI)
associated with HR estimates. ***Estimated HR in the indicated variability quintile is
significantly higher than the HR of lowest variability quintile (quintile 1). Trend test results
are presented as the text annotation in the figures. CV: coefficient of variation; ARV: average

real variability.

Diab Vasc Dis Res. Author manuscript; available in PMC 2020 July 24.



Page 9

Zhou et al.

Author Manuscript

1160 (91 v'6 (ST V6 (%) 19n3] uigo|Bowaey payeak|o
1000>  (S9°2) ¥ (8LT) VT p*OPUI AIpIGIOLIOD UOSLRYD

(281) 1€ (e'6T) 882 SOA

1660  (€T18) SET (2°08) S0zt ON
(% v) @z yo KoisIH

0 (zo)e BuISSIA

(s92) 221 (02zs) sLot SOA

i4340] (5€2) 6€ (8'L2) sTv ON
(% ‘v) uoisuanadAy Jo A101SIH

(259) 60T (6°2€) 995 S3A

100'0> (e've) LS (1°29) 226 ON
(% ') uans QAD Joud
€200 (eve)zger  (6el) THTT (sreak) uorenp seyeqeIq
1890 (BLY)TTTE  (WPY) 8TTE (zw/Bx) Ing

(6'87) 1€ (T91) OYC S3A

€0 (T°08) €€T (6'€8) €521 ON
(% ‘v) snyes Buows

(LT2) 61T (z'19) €16 S3A

100 (€'82) L (8'8€) 085 ON
(% ¥) MHN

(901 (ce) sy afeweo

T0  (v66)S9T (8'96) SvvT aleN
(% ) xas

(c19) 58 (9°6%) TVL anIsuBI|

29L°0 (8'8y) 18 (°08) ¢5L plepuels
(% ‘v) awiyeal )
T000> (81'8) 099  (8€'8) TL'6S (sseak) aby

(99T =U)SOA  (e6YT =U)ON
anpea-d Aifelriow asneo-| |y

"SN1eIS JUBAS AlIjelIoW asned-|[e Jusploul Aq SonsLis1orIeyD Buljaseyg

‘Tal1qeL

Author Manuscript

Author Manuscript

Author Manuscript

Diab Vasc Dis Res. Author manuscript; available in PMC 2020 July 24.



Page 10

Zhou et al.

Author Manuscript

"Xapu| AlpIgiowo) uosjeyd 8883«

'(@s) pue sueaw Jo (yuadiad) pue syuedioned Jo Jaquinu ale ereq

‘uigyoldodi) Ayisuap-moj 1@ ‘utsioidodi) Alsuap-ybiy
71QH ‘aunssaid poojq 91j01sAS :dgS ‘ainssaid poojq o1joIseIp :dgd ‘SauoIpauIpI0ZeIy) :QZL ‘SeseasIp Je[naseAolpIed (GAD Xapul ssew Apog g SNy d1uedsIH-UoU AM\HN ‘UOIIBIASD prepuels :as

9580  (T€7) 112 (562)sT2 (p/Bw) sepLIzoA|BLIL
900 (6€) 9.1 (6%) v8T (Tp/B) josaysajoyo [eroL
2250 (08) 80T (€9) TTT (Ip/Bu) josassjoyd 1A
€000 (om) v¢ (1) 9¢ (Tp/Bu) j0J2183]0Y0 TAH
¥8€°0 (81) €T (91) TET (BHWwW) das
700°0> (tr) LeL (ot) 92 (PHww) dga

(99T =u)sA  (€6YT = U) ON

anpen-d Aliferiow ssneo-| |y

Author Manuscript

Author Manuscript

Author Manuscript

Diab Vasc Dis Res. Author manuscript; available in PMC 2020 July 24.



Page 11

Zhou et al.

'syyeap asneo-|[e GGT pue siuedionied QT9T Jo ozis ajdwes paonpaJ 0} SpPes| 10108} st 3|diNW 1oy Juswisnipe [eUOIIIPPE ' pue € ‘Z S|OPOIN Ul Jey} 810N

"awo9Ino Arewid ayy 4oy Xsu (G0°0 > anjeA-d) WedIIUBIS MOYS JUOY PJOq Ul SanjeA-d *s1010.) 8]1A1Sa)1| 8SI9APE SAITRINWND 10}

paisnlpe Ajjeuonippe am ‘¢ |8pOIA U] "€ [9POIA Ul ‘AjaAnoadsal ‘0T\qH J0 8s09Nn|6 J0 Uesll sARRINWND ay) Jo) paisnlpe Ajjeuoiippe alam g [pOIA Ul S3|GRLIBA UONRLIEA 91WaedA|6 Jueoifiubis Bulurewsal ay |
"(2 19POIAI) X3pul AJIPIGIOWOD UOS|IBYD PUe [0J81S3|0YD [€10] BUljaskq ‘|04a1sa]oyd JaH auljaseq ‘ainssaid poojq 21j0IseIp auljaseq ‘quans AD Jouid ‘uoireinp salsgelp ‘(1ou Jo A\HN) A1uyie Joy paisnipe
Jayuny atem (T 19pOIAl) s|apow paisnipe-abie ui ueolIubIS a1am Jey) Sa|geLIeA [011U02 J1WaRIA|S "AlljelIow asned-|[e 1o} [apow spezey Jeuoiiiodoid X0 Ag parewnisa sanfeA-d pue | %66 ‘SHH aJe eleq

"011BJ pIBzZRY HH ‘eAlaul

90UBPIIU0 :[D ‘AN|IgeLIeA [eal aBeIane AMY ‘UOIHEBLIEA JO JUBIDIB00 ‘AD ‘UlgojBowsey paredk|h :oTvqH ‘uteroidodi) Aususp-ybiy :QH ‘Sesessip Jejnaseaolpted :aAD ‘SHYM dluedsiH-uou :MHN

950°0 ‘(¥8€'T '966°0) ¥LT'T
¥50°0 ‘(0EY'T '266°0) ¥6T'T

0200 ‘(692'T '820°'T) 98T'T
2000 ‘(28T 'STT'T) 92€T

8200 '(Tev'T ‘T20°'T) T0Z'T
€600 '(vS¥'T ‘9T0°'T) STZ'T

900°0 ‘(E0V'T '850°T) 8T2'T
T00'0> ‘(6T9'T ‘OVT'T) 29E'T
8220 ‘(TEE'T '¥E6°0) GTT'T
G9T°0 ‘(T6E'T ‘Sv6°0) LVT'T

#7100 ‘(8€°T '8€0°T) 96T'T
8T0°0 ‘(v2v'T '¥€0'T) €T2°T

¥00'0 ‘(8T¥'T ‘'020'T) 2€2'T
T00'0> (T¥9'T '09T'T) 08E'T
€€0°0 '(VEE'T ‘2TO'T) 29T'T
6T0°0 (22€'T '920°'T) GOT'T
990°0 ‘(80E'T ‘266'0) 6ET'T

G000 '(¥8€'T '650°'T) TTZ'T
G000 '(6Y7'T '690°'T) ¥¥2'T
6150 (80T'T '9T8°0) TS6°0
¥20°0 '(882'T '686°0) 8¢T'T
€v2'0 (82T 'Lv6°0) €80'T

T00'0> (TSY'T 'STT'T) 2L2°T
T00'0> (S59'T 'L6T'T) LOV'T
2€0'0 '(L2E'T'€TO'T) 6ST'T
2000 '(€8€'T '280°'T) ¥22'T
STO0 ‘(LVE'T '€€0'T) 6LT'T

ITVAH NIV
9TVaH (AD)Bo
OTVQH Jolid
OTVJH XeN-wnd
ITVOH UBN-WND
JTVaH
3s00n|6 AYV
asoon|b (AD)Bo7
8s09n|6 Jold
9s00n|6 XeN-wnd
8s00n|6 ues\-wnD

asoan|b poolg

anfea-d ‘(10) dH

anpea-d ‘(1) 9H

anfen-d ‘(10) dH

anfead ‘(10) 4H

v PPOW € PPON Z PPON T PPON
(GST = U) A1 ow ssned-|| v 3|1 feA
‘Allje1I0W asned-|[e 10} |apow spiezey jeuoniodoid x0)
‘¢ 91qeL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Diab Vasc Dis Res. Author manuscript; available in PMC 2020 July 24.



Page 12

Zhou et al.

'89¢ utm

“MSIA 1SB| B} 90UIS BULIIN0 ,SSBUSNOIISUOD JO SSO|
9191dwo9, 10 ,32UB)SISSE SalINbaJ Jey) SSaUSNOIdSUOD JO SSO| a)8|dwodul, Se paulyap sem aposida elwsedA|BodAy a1anss v “awoIno Asewtid sy 104 XsH (G0'0> anjea-d) Juealyubis moys Juoy pjog Ui sanjead

‘papn|oxa a1am eiwaedA|BodAy a1anss yim syuedionued usym synsal smoys [aued ybu
3]IUM ‘¢ [3pOIAl Ul elwaedA|6odAy anirejnwing oy Bunsnipe Ajjeuonippe Aq syinsal smoys |aued 1o “Alljerow asned-|je 104 [apow spiezey [euoiiodold X0 Aq palewlss sanfead pue | %G6 ‘dH ale eleq

‘|EAJBIUI BOUBPIIUOD :|D ‘ONeI paezey :yH ‘uiqojBowsey payedk|B :oTvaH ‘AljiqeLieA [2al 9BRIane AHY ‘UOBLIBA JO JUSIOIYB0D :AD

€100 ‘(z6v'T ‘6v0°'T) 1SZ'T
GT00 '(€SS'T ‘6¥0°'T) 9/2°T

#00°0 (867°T ‘080°T) 2£2°T
TO0'0> ‘(99.°T ‘€6T'T) TSY'T

7900 “(6/€'T '166°0) 69T'T
190°0 (€2¥'T '266°0) 88T'T

6200 ‘(T9€'T ‘2T0°T) LLTT
€000 ‘(89S°T ‘¥OT'T) 9TE'T

ITVAH NIV

9TVaH (AD)60T
JTVaH

8s00n|6 AYVY

asoon|b (AD)Bo7

asoon|b poolg

anpea-d ‘(10) °H

anpea-d ‘(10) 9H

¥ PPON odAya.enss + 7 PPO N
mm_;wmo>_coa>c 9bres buiney sy tied buipnpxe ssAeuy Juewisn Ipe e1weedABodAy 8 JoAss aAITe |nWND [euolippe YliMSsAeuy sa|qelfep
‘eIWaRIA|B0dAY a19A3s 10y Bununodde Jsye ‘Alljeriow asnea-|e 1o [apow spaezey Jeuoilodoid x0)
‘€ 9l1qeL
Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Diab Vasc Dis Res. Author manuscript; available in PMC 2020 July 24.



	Abstract
	Introduction
	Methods
	Results
	Discussion
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.

