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Abstract

Aim: To investigate the association between visit-to-visit HbAlc variability and the risk of
cardiovascular disease in patients with type 2 diabetes.

Materials and methods: We performed a retrospective cohort study of 29 260 patients with at
least four HbAlc measurements obtained within 2 years of their first diagnosis of type 2 diabetes.
Different HbAlc variability markers were calculated, including the standard deviation (SD),
coefficient of variation (CV) and adjusted SD. Cox proportional hazards regression models were
used to estimate the association of these HbA1c variability markers with incident cardiovascular
disease.
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Results: During a mean follow-up of 4.18 years, a total of 3746 incident cardiovascular disease
cases were diagnosed. Multivariate-adjusted hazard ratios for cardiovascular disease across the
first, second, third and fourth quartiles of HbAlc SD values were 1.00, 1.30 (95% confidence
interval [CI] 1.18-1.42), 1.40 (95% CI 1.26-1.55) and 1.59 (95% CI 1.41-1.77) (P for trend
<.001), respectively. When we utilized HbAlc CV and adjusted HbAlc SD values as exposures,
similar positive associations were observed. HbA1c variability was also associated with the risk of
first and recurrent severe hypoglycaemic events. A mediating effect of severe hypoglycaemia was
observed between HbALc variability and incident cardiovascular disease.

Conclusions: Large visit-to-visit HbAlc variability is associated with an increased risk of
cardiovascular disease in patients with type 2 diabetes. Severe hypoglycaemia may mediate the
association between HbAlc variability and incident cardiovascular disease.
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1| INTRODUCTION

The worldwide disease burden associated with diabetes is substantial. Several major causes
of death, including cardiovascular disease, are associated with diabetes.! Optimal targets
for glycaemic measurements, such as fasting plasma glucose, postprandial plasma glucose
and HbA1c, are recommended by several professional organizations.2~ While fasting
plasma glucose and postprandial plasma glucose are both indicators of current glycaemic
control, HbAlc is widely used because it can reflect glycaemic levels over a longer period
of time (2-3 months). The current guidelines from the American Diabetes Association
recommend an HbA1c level of less than 7% as the treatment goal.2 However, emerging
evidence in recent years indicates that glucose excursions or fluctuations may be a better
predictor of diabetic complications than single-point glucose levels.> Glycaemic variability
is defined as the fluctuation of glucose homeostasis over a certain interval of time and is
commonly evaluated by visit-to-visit HbAlc variability. Results from several studies have
shown that visit-to-visit HbAlc variability may have a major impact on cardiovascular
events and all-cause mortality in patients with or without diabetes.58 However, no studies
have assessed the potential factors that could mediate the association between visit-to-visit
HbA1c variability and the risk of cardiovascular disease. In the present study, we aimed

to investigate the association between visit-to-visit HbAlc variability and the risk of
cardiovascular disease in patients with type 2 diabetes and find out the potential mediator
using data from a large healthcare system to reflect the real-world setting.

2| MATERIALS AND METHODS
2.1| Study participants

Data from patients with type 2 diabetes in the Louisiana Experiment Assessing Diabetes
outcomes (LEAD) cohort study were obtained through the Research Action for Health
Network (REACHnet).910 The dataset included electronic health record data for the study
cohort from 1 January 2013 to 30 April 2018. Patients included in this study had no less
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than 1 year’s worth of data available for analysis and they attended regular check-ups or
refilled prescriptions within 1 year before the end of their healthcare membership or the
end of the study. For the present study, data from two REACHnet partner health systems
(Ochsner Health System and Tulane University) were included in the final pooled analysis.
A unique global identifier was used to link records across the two health systems to

avoid the duplication of individual patients in the pooled dataset. In total, 9268 out of

258 374 records were identified as duplicates across the two partner health systems. The
study and the analysis plan were approved by the Institutional Review Boards (Research
Ethics Committees) of the Pennington Biomedical Research Center (2016-064-PBRC),
Tulane University (906810) and Ochsner Health System (Ochsner acknowledged Tulane’s
approval). We did not obtain informed consent from participants involved in our study
because we used anonymized data compiled from electronic medical records.

The definition of type 2 diabetes in the present study was formulated according to the
SUPREME-DM?! criteria as follows: (a) one or more of the International Classification

of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) codes and Tenth Revision,
Clinical Modification (ICD-10-CM) codes for type 2 diabetes associated with inpatient
encounters; (b) two or more ICD codes associated with outpatient encounters on different
days within 2 years; (c) a combination of two or more of the following variables associated
with outpatient encounters on different days within 2 years: ICD codes, fasting glucose level
2126 mg/dL, 2-hour glucose level 2200 mg/dL, random glucose level =200 mg/dL, HbAlc
> 6.5% and prescription of an antidiabetic medication. A total of 107 562 patients between
the ages of 30 and 94 years were identified. Eligible patients also had to have at least four
HbALc measurements obtained within 2 years of their first diagnosis of type 2 diabetes in
the healthcare system. We excluded patients with no HbAlc results and also those who had
cardiovascular events 1 year prior to and within 2 years after the first date of their type 2
diabetes diagnosis (Figure S1). The final sample for analysis included 29 260 patients with
type 2 diabetes (17 392 whites and 11 868 African Americans).

To investigate for the presence of selection bias, we compared patients included in the
analysis with those excluded from the analysis (Table S4). Compared with patients with
diabetes who were excluded from the present study, the patients that were included in the
analysis were of a similar age (66.0 £ 11.6 vs. 66.3 £ 12.5 years of age, respectively).
However, there were more African Americans (40.6% vs. 36.2%) and fewer men (45.9% vs.
49.1%) in the group of patients included in our study.

Baseline measurements

The National Patient-Centered Clinical Research Network (PCORnet) common data model
defines a standard for the organization and representation of data for the PCORnet
distributed research network.12 Patient data for this study conformed to this common data
model and included: date of birth; age at diabetes diagnosis; race; ethnicity; sex; encounter
dates; weight; height; body mass index (BMI); blood pressure; tobacco use; diagnoses

of various diseases and dates of the diagnoses; laboratory test dates; total cholesterol
levels; triglyceride levels; high-density lipoprotein (HDL) cholesterol levels; low-density
lipoprotein (LDL) cholesterol levels; HbAlc levels; estimated glomerular filtration rate
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(eGFR); and the use of medication prescriptions such as antihypertensive drugs, glucose-
lowering drugs and lipid-lowering drugs. Using data collected about the patient’s self-
reported smoking status at each clinic visit, we classified the patients into three groups:
current smokers, ever smokers and never smokers. The eGFR was estimated using the
Modification of Diet in Renal Disease formula.13

Follow-up and visit-to-visit HbAlc variability

We created a follow-up database in electronic form using unique patient identifiers. The
updated mean value of HbAlc was calculated for each participant within 2 years from

the first date of the type 2 diabetes diagnosis. The standard deviation (SD) of HbAlc was
calculated for each participant within 2 years from the first date of the type 2 diabetes
diagnosis. To minimize any effect of different numbers of HbAlc measurements on the
calculated values, an adjusted HbAlc SD was defined according to the formula: adjusted
HbA1c SD = SDN[n/(n-1)].14 To correct for a larger SD because of higher absolute updated
mean values of HbAlc as a normalized measure of variability, the coefficient of variation of
HbAlc (HbAlc CV) was calculated as the HbAlc SD divided by the updated mean value
of HbAlc prior to conversion to a percentage. To avoid immortal time bias, the baseline
date was set as the last date of HbAlc measurement within 2 years following the first date
of the type 2 diabetes diagnosis. The average number of HbAlc measurements during the
follow-up period was 9.04.

The primary outcomes of our study were cardiovascular events including coronary heart
disease and stroke. ICD-9-CM and ICD-10-CM codes were used to identify coronary
heart disease (ICD-9-CM codes 410-415 and 429.2; ICD-10-CM codes 120-126), stroke
(ICD-9-CM codes 430-436; ICD-10-CM codes 160-166) and cardiovascular disease events
(ICD-9-CM codes 410-415, 429.2 and 430-436; ICD-10-CM codes 120-126 and 160-166).
Severe hypoglycaemic episodes were defined by ICD codes 251 and E16. These diagnoses
were recorded in the course of routine patient care by the patients’ treating clinicians.

The duration of follow-up for each cohort member (in person-years) was tabulated from
the baseline date to the date of diagnosis of the outcome, death while an inpatient, the

date of dropout, loss to follow-up because of discontinuation of the patient’s healthcare
membership, or 30 April 2018. The diagnosis of cardiovascular events could be made
during outpatient, inpatient or emergency encounters. Encounter types documented as
‘ambulatory visit’ or ‘other ambulatory visit’ were considered as outpatient encounters,
while encounter types documented as ‘inpatient’, ‘emergency department’, ‘emergency
admission to inpatient’, “institutional stay’, ‘observation stay’ and ‘institutional consult’
were considered as either inpatient or emergency encounters.

Statistical analyses

Cox proportional hazards regression was used to estimate hazard ratios (HRs) for incident
cardiovascular events according to quartiles of HbAlc SD, HbAlc CV and adjusted
HbA1c SD, which were also evaluated as continuous variables (per 1 unit increase for
HbA1c SD and adjusted HbAlc SD, and per 10-unit increase for HbAlc CV). These
visit-to-visit HbALc variability indices were included in the models as dummy variables,
and the significance of the trend across categories of HbAlc was tested in the same
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models by giving an ordinal numeric value for each dummy variable. The proportional
hazards assumption in the Cox model was assessed with graphical methods and with models
including time-by-covariate interactions.1® In general, all proportionality assumptions were
appropriate. All analyses were first conducted after adjusting for age, sex and race, and then
further for smoking, BMI, systolic blood pressure, non-HDL/HDL ratio, eGFR, insurance
type, hypoglycaemic events, glucose-lowering medications, antihypertensive medications,
lipid-lowering medications, antiplatelet and anticoagulant medications, and the updated
mean value of HbAlc. Cox proportional hazards models and Poisson regression models
were used to estimate the association of these HbA1c variability markers with the risk

of first and recurrent hospitalization for severe hypoglycaemia. Subgroup analyses were
performed in groups of patients with different ages, races, sexes, BMI, baseline HbAlc
levels, proportion of patients that had never smoked, and the proportion of patients receiving
and not receiving glucose-lowering, lipid-lowering and antihypertensive medications.
Further, mediation analysis was performed to quantify the contribution of one specific factor
(the independent variable) to the outcome, adjusting for all confounding factors according to
Baron and Kenny’s steps for mediation.16 Statistical significance was considered to be Pless
than .05. All statistical analyses were performed using IBM SPSS Statistics for Windows
version 24.0 (IBM Corp., Armonk, NY, USA).

RESULTS

The baseline characteristics of patients grouped into quartiles based on the calculated
HbA1c SD values are presented in Table 1. Patients with higher visit-to-visit HbAlc SD
values were younger, had a higher BMI and blood pressure, as well as worse lipid profiles.
Patients with higher HbAlc SD values were also more probably current smokers, less
probable to have Medicare as their primary payer and less probably using antihypertensive
and glucose-lowering medications.

During a mean follow-up period of 4.18 years, 3746 participants developed incident
cardiovascular disease. Multivariate-adjusted (incorporating the variables of age, race,

sex, smoking, BMI, systolic blood pressure, non-HDL/HDL ratio, eGFR, insurance

type, hypoglycaemic events, glucose-lowering medications, antihypertensive medications,
lipid-lowering medications, and antiplatelet and anticoagulant medications by category
differences, as well as the updated mean value of HbA1lc) HRs for cardiovascular disease
across the first, second, third and fourth quartiles of HbAlc SD values were 1.00, 1.30 (95%
confidence interval [C1] 1.18-1.42), 1.40 (95% CI 1.26-1.55) and 1.59 (95% CI 1.41-1.77;
Pfor trend <.001), respectively (Table 2). When we used HbAlc CV and adjusted HbAlc
SD values as exposures, similar positive associations with the risk of cardiovascular disease
were found. Multivariate-adjusted HRs for cardiovascular disease were 1.18 (95% CI 1.08—
1.27) and 1.30 (95% CI 1.20-1.40) for each 1 SD or 1 adjusted SD increase in HbAlc,
respectively, and 1.20 (95% CI 1.15-1.26) for each 10-unit increase in HbAlc CV (Table 2).

During a mean follow-up period of 3.66 years, 2348 incident coronary heart disease cases
were diagnosed. Multivariate-adjusted HRs for coronary heart disease across the first,
second, third and fourth quartiles of HbAlc SD, HbAlc CV and adjusted HbAlc SD values
were, respectively: 1.00, 1.31, 1.40 and 1.71 (Pfor trend <.001); 1.00, 1.30, 1.46 and 1.65
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(Pfor trend <.001); and 1.00, 1.40, 1.42 and 1.71 (Pfor trend <.001; Table 3). When HbAlc
SD, HbA1lc CV and adjusted HbA1c SD values were examined as continuous variables,

the multivariate-adjusted HRs for coronary heart disease were 1.27 (95% CI 1.15-1.37) and
1.32 (95% CI 1.21-1.45) for each 1 SD or 1 adjusted SD increase in HbAlc, respectively,
and 1.20 (95% CI 1.12-1.29) for each 10-unit increase in HbAlc CV (Table 3).

There were 1851 new stroke cases during a mean follow-up period of 4.31 years. There
were positive associations of HbAlc SD, HbAlc CV and adjusted HbAlc SD values with
the risk of stroke (Table 4). The multivariate-adjusted HRs for stroke were 1.30 (95% ClI
1.17-1.43) and 1.40 (95% CI 1.26-1.55) for each 1 SD or 1 adjusted SD increase in HbAlc,
respectively, and 1.20 (95% CI 1.11-1.30) for each 10-unit increase in HbAlc CV.

When both baseline and mean HbAlc values were used as exposures (Table S1), a
significant U-shaped association was observed. Higher baseline and mean HbA1c values,
as well as extremely low HbA1c levels, were associated with a higher risk of cardiovascular
disease.

When stratified analyses were utilized, the positive association between HbA1c variability
markers and the risk of cardiovascular disease was consistent in patients of different ages,
races, sexes, BMI, baseline HbA1c levels, patients that have never smoked, and patients
receiving and not receiving lipid-lowering and antihypertensive agents (Table 5). However,
significant associations between HbAlc variability and cardiovascular disease were not
present in patients receiving a-glucosidase inhibitors, glucagon-like peptide-1 (GLP-1)
receptor agonists, meglitinides, thiazolidinediones and sodium-glucose co-transporter-2
(SGLT2) inhibitors.

During a mean follow-up period of 4.43 years, a total of 1211 patients with type 2 diabetes
experienced a first hospitalization for severe hypoglycaemia. These patients experienced
0.04 hospitalizations for severe hypoglycaemia events per person-year. Multivariate-adjusted
HRs for first hospitalization for severe hypoglycaemia across the first, second, third and
fourth quartiles of HbAlc SD values were 1.00, 1.60 (95% CI 1.27-2.01), 2.54 (95%

Cl 2.04-3.18) and 3.00 (95% CI 2.36-3.82; Pfor trend <.001), respectively (Table S2).
When we used HbAlc CV and adjusted HbAlc SD values as exposures, similar positive
associations with the risk of first hospitalization for severe hypoglycaemia were found.
Multivariate-adjusted HRs for recurrent hospitalization for severe hypoglycaemia across the
first, second, third and fourth quartiles of HbAlc SD were 1.00, 1.45 (95% CI 1.30-1.63),
2.52 (95% CI 2.26-2.80) and 3.08 (95% CI 2.75-3.47; Pfor trend <.001), respectively
(Table S3). When we used HbAlc CV and adjusted HbAlc SD values as exposures, similar
positive associations with the risk of recurrent hospitalization for severe hypoglycaemia
were found.

In order to test the mediating effects of severe hypoglycaemic events on the association
between HbAlc variability and cardiovascular disease, we performed a mediation analysis.
The B1 value of HbAlc CV for the risk of cardiovascular disease was 0.25 (P < .001)
without severe hypoglycaemic events in the model. The B2 value of HbAlc CV for the risk
of severe hypoglycaemic events was 0.49 (P < .001). The B3 of HbAlc CV for the risk of
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cardiovascular disease was 0.22 (P< .001) after controlling for severe hypoglycaemic events
(Figure S2). The mediated proportion was calculated as 12.0%.

DISCUSSION

Our study found significant positive associations between different HbAlc variability
markers and the risk of coronary heart disease, stroke and cardiovascular disease in patients
with type 2 diabetes. These associations may be mediated by the presence of severe
hypoglycaemia during the observation period.

Several studies have found that glycaemic variability, especially HbAlc variability, is
associated with adverse outcomes and mortality.5-8:17.18 One systematic review and meta-
analysis of 20 studies (seven performed in patients with type 1 diabetes and 13 in patients
with type 2 diabetes) published in 201519 concluded that HbA1c variability was positively
associated with micro- and macrovascular complications and mortality independent of mean
HbA1c levels. Among the 13 studies in patients with type 2 diabetes, 11 of them were
cohort studies and two were post hoc analyses of randomized controlled trials. Moreover,
almost all cohort studies were from Asia (n = 6) or Europe (n = 4), with different study
sample sizes (n = 234-11 205); only one study was from the United States and it was
limited by a comparatively small sample size (n = 791). The association between glycaemic
variability and risk of cardiovascular disease has also been shown in non-diabetic patients.’
In one Italian study, mean HbA1c levels rather than HbAlc variability were shown to be
associated with macrovascular complications.29 Recently, Li et al. found that higher HbAlc
variability is associated with an increased risk of all-cause mortality and cardiovascular
events independent of high HbA1c levels, by using real-world data from the UK.17 Although
patients with type 2 diabetes were all newly diagnosed, similar findings were reported. A
recent review concluded that the association between glycaemic variability and the risk of
cardiovascular disease remains controversial.1® These inconsistent results may be explained
by the use of limited glucose measurements and different study settings. Furthermore, some
studies are limited by strict inclusion and exclusion criteria, short follow-up durations, a low
incidence of diabetic complications and a failure to include multiple racial groups. Some
studies were focused on assessments of pharmaceutical effectiveness and safety.

In the present study, we used data from electronic medical records comprising nearly 30
000 patients with type 2 diabetes. Eligible patients had at least four measurements of
HbA1c within 2 years of their first record of type 2 diabetes diagnosis. Those who already
had cardiovascular disease during this 2-year period were excluded. These inclusion and
exclusion criteria were similar to several post hoc analyses of clinical trials, enhancing the
comparability of our results. The present study found positive associations between different
HbA1c variability markers and the risk of coronary heart disease, stroke and cardiovascular
disease in patients with type 2 diabetes. The associations were all significant when using
three different markers for HbAlc variability. To the best of our knowledge, there are no
standardized definitions for HbA1c variability, and our findings suggest that SD and CV
could both predict cardiovascular risk in patients with type 2 diabetes.
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In subgroup analyses, several significant interactions were observed. HRs of cardiovascular
disease associated with different visit-to-visit HbAlc variability markers were more
pronounced in patients with comparatively lower BMI and lower mean HbA1c levels. These
findings could be clinically important. Patients with lower mean HbAlc levels and large
HbA1c variability appear to be more probable to have hypoglycaemia than those with
continuously higher mean HbAlc levels. However, HbAlc variability was not significantly
associated with cardiovascular disease in current and past smokers, as well as those who

did not use lipid- or blood pressure-lowering medications. No significant associations were
observed in patients who were using a-glucosidase inhibitors, GLP-1 receptor agonists,
meglitinides, thiazolidinediones and SGLT2 inhibitors. This might be because of the limited
sample size of cases detected, resulting in insufficient statistical power.

The underlying mechanism for the relationship between large HbA1lc variability and
cardiovascular disease in patients with type 2 diabetes is unclear. A recent UK study?!
identified the greatest elevation of visit-to-visit glycaemic variability in young and
insulin-resistant men. Large glycaemic variability has also been associated with poor
adherence to treatment, poor self-efficacy in diabetes management, complications with
co-morbid conditions and poor quality of life with a lack of support.22 We did not
investigate the confounding factors associated with HbAlc variability because of a

lack of sociodemographic variables in the electronic medical record data. However, a
triangular association between HbAlc variability, severe hypoglycaemic events and incident
cardiovascular disease was investigated. Large visit-to-visit HbAlc variability may be
associated with a high risk of cardiovascular disease through an increased risk of severe
hypoglycaemic events. Future investigation into other factors influencing visit-to-visit
HbA1c variability will be of great interest. Damage can persist in cells exposed to high
glucose levels long after the return of normoglycaemia, a concept known as cellular
metabolic memory.23 High glucose levels also cause irreversible epigenetic modifications,
resulting in B-cell dysfunction and insulin resistance.24 Thus, adverse cardiovascular
outcomes may result from a combination of these risk factors.

Inevitably, the study has several limitations. First, some information, including duration

of diabetes, education level and family income, were unavailable in the electronic data,
which may be important to our study topic. Our findings were applicable to a 4-year
follow-up period, but further studies with a longer follow-up are required for validation.
Second, the cardiovascular diagnosis in the present study was based on a physician’s
diagnosis and no chart review was performed. However, most American and European
cohort studies, such as the Framingham Study,2° the Kaiser Permanente Medical Care
Program?Z® and the Atherosclerosis Risk in Communities Study,2’ used the same method

to diagnose cardiovascular events. In addition, our analyses adjusted for some confounding
factors, but unmeasured factors such as family history of diabetes, other related chronic
diseases, dietary factors and physical activity could not be evaluated. Finally, the data

used in this analysis were from healthcare systems located in south Louisiana, and some
sociodemographic characteristics of these patients may differ from those in other geographic
areas of the United States and elsewhere, limiting the generalizability of our findings.
Exposure misclassification is a possibility in this study because the prescription data
represented dispensations and not actual consumption.
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In conclusion, the present analysis using data from large healthcare systems found a positive
association between visit-to-visit HbAlc variability and incident cardiovascular disease in
patients with type 2 diabetes, irrespective of the definition of HbAlc variability. Further
analysis showed a mediating effect of severe hypoglycaemia in the association between
visit-to-visit HbAlc variability and incident cardiovascular disease. Our findings suggest
that HbA1c variability over a specific time period could be considered a supplementary
glycaemic target, and therapies that can reduce large HbAlc variability as well as associated
severe hypoglycaemic events are recommended for patients with type 2 diabetes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGMENTS

The LEAD study group would like to acknowledge the contributions of our partners. The success of this study
depended on their ongoing support and expertise. These partners include the Ochsner Health System and the
Ochsner Patient Research Advisory Board; Tulane Medical Center; University Medical Center New Orleans;
Research Action for Health Network (REACHnNet, a PCORnet CRN) and their multi-stakeholder Diabetes Advisory
Groups; Pennington Biomedical Research Center; Blue Cross and Blue Shield of Louisiana; and our patient

and community partners Patricia Dominick, Catherine Glover and Peggy Malone. This work was supported by

a Patient-Centered Outcomes Research (PCORI) cooperative agreement (NEN-1508-32257) as part of Natural
Experiments for Translation in Diabetes 2.0 (NEXT-D2). All statements in this manuscript, including findings and
conclusions, are solely those of the authors and do not necessarily represent the views of PCORI, its Board of
Governors or its Methodology Committee. YS, GH and PTK were partly supported by a grant from the National
Institute of General Medical Sciences (U54GM104940) of the National Institutes of Health.

DATA AVAILABILITY STATEMENT

Restrictions apply to the availability of data generated or analyzed during this study to
preserve patient confidentiality or because they were used under license. The corresponding
author will on request detail the restrictions and any conditions under which access to some
data may be provided.

REFERENCES

1. Rawshani A, Rawshani A, Franzen S, et al. Risk factors, mortality, and cardiovascular outcomes in
patients with type 2 diabetes. N Engl J Med. 2018;379:633-644. [PubMed: 30110583]

2. American Diabetes Association. 6. Glycemic targets: standards of medical care in diabetes-2018.
Diabetes Care. 2018;41:S55-S64. [PubMed: 29222377]

3. Weng J, Ji L, Jia W, et al. Standards of care for type 2 diabetes in China. Diabetes Metab Res Rev.
2016;32:442-458. [PubMed: 27464265]

4. Davies MJ, D’Alessio DA, Fradkin J, et al. Management of hyperglycemia in type 2 diabetes, 2018.
A consensus report by the American Diabetes Association (ADA) and the European Association for
the Study of Diabetes (EASD). Diabetes Care. 2018;41:2669-2701. [PubMed: 30291106]

5. Ceriello A, Monnier L, Owens D. Glycaemic variability in diabetes: clinical and therapeutic
implications. Lancet Diabetes Endocrinol. 2019;7:221-230. [PubMed: 30115599]

6. Cardoso CRL, Leite NC, Moram CBM, Salles GF. Long-term visit-to-visit glycemic variability as
predictor of micro- and macrovascular complications in patients with type 2 diabetes: the Rio de
Janeiro Type 2 Diabetes Cohort Study. Cardiovasc Diabetol. 2018;17:33. [PubMed: 29477146]

7. Ghouse J, Skov MW, Kanters JK, et al. Visit-to-visit variability of hemoglobin Alc in people
without diabetes and risk of major adverse cardiovascular events and all-cause mortality. Diabetes
Care. 2019;42:134-141. [PubMed: 30352898]

Diabetes Obes Metab. Author manuscript; available in PMC 2022 May 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shen et al.

Page 10

8. Mo 'Y, Zhou J, Ma X, et al. Haemoglobin Alc variability as an independent correlate of

atherosclerosis and cardiovascular disease in Chinese type 2 diabetes. Diab Vasc Dis Res.
2018;15:402-408. [PubMed: 29848065]

9. Shen Y, Shi L, Nauman E, et al. Inverse association between HDL (high-density lipoprotein)

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

cholesterol and stroke risk among patients with type 2 diabetes mellitus. Stroke. 2019;50:291-297.
[PubMed: 30626289]

Shen Y, Shi L, Nauman E, et al. Race and sex differences in rates of diabetic complications. J
Diabetes. 2019;11:449-456. [PubMed: 30315628]

Pathak RD, Schroeder EB, Seaquist ER, et al. Severe hypoglycemia requiring medical intervention
in a large cohort of adults with diabetes receiving care in U.S. integrated health care delivery
systems: 2005-2011. Diabetes Care. 2016;39:363-370. [PubMed: 26681726]

Fleurence RL, Curtis LH, Califf RM, Platt R, Selby JV, Brown JS. Launching PCORnet, a national
patient-centered clinical research network. J Am Med Inform Assoc. 2014;21:578-582. [PubMed:
24821743]

Wang Y, Katzmarzyk PT, Horswell R, Zhao W, Johnson J, Hu G. Comparison of the heart

failure risk stratification performance of the CKD-EPI equation and the MDRD equation for
estimated glomerular filtration rate in patients with Type 2 diabetes. Diabet Med. 2016;33:609—
620. [PubMed: 26202081]

Kilpatrick ES, Rigby AS, Atkin SL. The effect of glucose variability on the risk of microvascular
complications in type 1 diabetes. Diabetes Care. 2006;29(7):1486-1490. [PubMed: 16801566]
Cox DR. Regression models and life-tables. J R Stat Soc Ser B (Methodol). 1972;34:187-202.
Baron RM, Kenny DA. The moderator-mediator variable distinction in social psychological
research: conceptual, strategic, and statistical considerations. J Pers Soc Psychol. 1986;51:1173—
1182. [PubMed: 3806354]

Li S, Nemeth I, Donnelly L, Hapca S, Zhou K, Pearson ER. Visit-to-visit HbA(1c) variability

is associated with cardiovascular disease and microvascular complications in patients with newly
diagnosed type 2 diabetes. Diabetes Care. 2020;43:426-a432. [PubMed: 31727686]

Nusca A, Tuccinardi D, Albano M, et al. Glycemic variability in the development of cardiovascular
complications in diabetes. Diabetes Metab Res Rev. 2018;34:e3047. [PubMed: 30028067]

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]

Penno G, Solini A, Zoppini G, et al. Hemoglobin Alc variability as an independent correlate

of cardiovascular disease in patients with type 2 diabetes: a cross-sectional analysis of the renal
insufficiency and cardiovascular events (RIACE) Italian multicenter study. Cardiovasc Diabetol.
2013;12:98. [PubMed: 23829205]

Noyes JD, Soto-Pedre E, Donnelly LA, Pearson ER. Characteristics of people with high visit-to-
visit glycaemic variability in type 2 diabetes. Diabet Med. 2018;35:262-269. [PubMed: 28755478]
Maciejewski ML, Dowd B, Call KT, Feldman R. Comparing mortality and time until death

for medicare HMO and FFS beneficiaries. Health Serv Res. 2001;35:1245-1265. [PubMed:
11221818]

Schisano B, Tripathi G, McGee K, McTernan PG, Ceriello A. Glucose oscillations, more than
constant high glucose, induce p53 activation and a metabolic memory in human endothelial cells.
Diabetologia. 2011;54:1219-1226. [PubMed: 21287141]

El-Osta A, Brasacchio D, Yao D, et al. Transient high glucose causes persistent epigenetic changes
and altered gene expression during subsequent normoglycemia. J Exp Med. 2008;205:2409-2417.
[PubMed: 18809715]

Wilson PW, D’Agostino RB, Parise H, Sullivan L, Meigs JB. Metabolic syndrome as a precursor of
cardiovascular disease and type 2 diabetes mellitus. Circulation. 2005;112:3066—3072. [PubMed:
16275870]

Kanaya AM, Adler N, Moffet HH, et al. Heterogeneity of diabetes outcomes among Asians and
Pacific Islanders in the US: the diabetes study of Northern California (DISTANCE). Diabetes
Care. 2011;34:930-937. [PubMed: 21350114]

Selvin E, Steffes MW, Zhu H, et al. Glycated hemoglobin, diabetes, and cardiovascular risk in
nondiabetic adults. N Engl J Med. 2010;362:800-811. [PubMed: 20200384]

Diabetes Obes Metab. Author manuscript; available in PMC 2022 May 11.



Page 11

Shen et al.

100>

88T
100>
100>
100>

800
100>
100>
100>
100>

100>
100>
100>
100>

pusJi Jojd

Author Manuscript

8'6¢ 0.8 9z z1e
982 062 €62 €82
v'ee 7'az 08z 8'8C
78 98 70T 91T
€T €T 60 S0
¥4 2z 8T vT
5zZ z€T 82z L0Z
€55 €85 0719 L'€9
§8T 0T Ger L€T
62TFGE€ 6TTFL0E LOTFG8C 20TFLLT
EITF/9T €/8F2ST T8IFYET 099 F/TT
ZTTFeer €TIFTer 8TIIF8SY T2IF8LY
STEFTOT ¥8ZFSV6 C8CF6S6 C8CFI66
98EFG/T OVETLIT 6EEFBIT  6EEF LT
ST+98 TT*G.L 80F.9 L'0FE9
LF¥ 1L L¥8L L¥8L LFGL
TTFPET  TTFEET  TIFEET  TIFCET
SyLFOVE BELFOEE ETLFOEE BELTFLTE
125 L'€9 979 6'65
A €9€e '8e TOv
€25 98y Sey g'8e
9TT+099 vITF6G9 VITFT89 E£TTF989
695, 1151 90vL 8929
valnrend ga|nrend ganend  Ta|nend
asoTvaH

T 319vl

Author Manuscript

2w/ ez
W/6¥ 6'7€-0°0€
Wb 6'62-G2
Wb 5g>
(9%) sarl0baye0 Xapul ssew Apog
qT>
6¢-ST
65-0€
68-09
06<
(%) (gL T/UIL/TW) H4D parewnsy
oljel [0Ja1sajoyd uidoidodi] Ausuap-ybiy o3 joia1sejoyd utsroidodi) Asusp-ybiy-uoN
(TTp/Bw) sapraak|BuL
(Ip/Bw) josssajoyd uigjosdodi) Ansuap-ybiH
(Ip/6w) joassajoyd uidosdodi] Aysuap-mo]
(Ip/Bw) jol81SBI0YD [BIOL
(%)TVaH uesn
dljoiselg
211015AS
(fHww) ainssaid poojg
(zw/Bx) xapui ssew Apog
UM
UBILIBWY UBDLY
(%) avey
(%) aren
(A) abv
(u) syuedionued

uonejndod Apnis ay1 JO Sa1ISLIB)dRIRYD Buljaseg

Author Manuscript

Author Manuscript

Diabetes Obes Metab. Author manuscript; available in PMC 2022 May 11.



Page 12

Shen et al.

100>
100>
100>
100>
100>
100>
100>

100>

190°

T00™>
T00™>
pus.i o} d

T'0¢
17
§'le
414
8'89
L
6'C6
81
6'6v
L'€T
'8¢
L'€S
0'Le
v'LiE
T¢8
€0
91
80
¥'0
LT
8'79
029

I
1T
474
§'6€
8'¢s

A ¥4
vamend

8'qT
T
9'9¢
474
€'6¢
€0L
¥'06
ST
918
§¢T
0'0¢
6'0S
§'8¢
v'ov
L'e8
€0
o
60
90
87T
8'99
769

0T
60
L'e
S'19
6y

0'0¢
€9[lend

§'9
L0
0'ST
€8¢
S'LT
9%9
T6L
71
6'1S
€7cT
'€
(A%
€'6¢
6'8¢
S8
4
1
L0
¥'0
91
6'99
189

T
L0
X4
1.8
6'8¢

102
zanend

6°C
€0
79
0¢ct
9
AL
0'99
¢l
1404
ar
T'6¢
Tey
¥'9e
€'6e
€8L
0
60
€0
€0
o
§'€9
1’99

60
0T
€¢
9'8
c'LE

¥7'8T
T9nend

Author Manuscript

dsoTvaH

Author Manuscript

sisiuobe 103dadal T-419
sloliqiyui asepisoan|B-o
sloHqiyul vdda
eainjAuoydins
ulnsu|
uIwIos N
Burlamol-asoan|o
aulpiuo|o
anaINIg
19)20]g-©
quv
Joyqiyut 30V
1820]q [auUUBYD WNIDRD
19)9019-¢
anisuapadAynuy
S13YI0
JoNqiyul 6XSod
Juensanbas proe a)1g
UuI9eIN
drelqld
uneis
Burismol-pidi]

(%) suonedIpaw Jo asn
S18YI0
Aed-}1os
presipsiy
aIedIpaN
areAlId/e1aswwo)

(%) adA1 aourInsu|

(%) J3>ows LD

Author Manuscript

Author Manuscript

Diabetes Obes Metab. Author manuscript; available in PMC 2022 May 11.



Page 13

Shen et al.

*Z-Jauodsurai-09 8s09N|6-WNIPOS ‘Z119S 6 9dA1 UIXay/uISIgNS aselaAu0d uigoidoid
‘61SDd ‘T-apndad axij-uobiean|b ‘T-4719 ‘eres uonesyy Jejniawolb ‘449 ‘y-asepndad |Apndadip ‘dd@ ‘S4ex00]q Jordadal uisusrolbue ‘gyy ‘awAzua BuluaAuod-uIsualolbue ‘IO :SUOIRIASIQQY

100> v'iT 66T YT za JueInBeoonue 1o Jajale|dnuy
T00> 9'GT 6'CT Ts ST SI0)QIYul 21719S
T00™> 79 29 9€ 0¢ sauolpauIpIj0Zely |
100> 44 € 17 S0 sapiuniBaN

puely lojd  va|nend  €a|end  ganend  Talnrend

dsoTvaH

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Diabetes Obes Metab. Author manuscript; available in PMC 2022 May 11.



Page 14

Shen et al.

*OTV/QH 10 anjea uesw payepdn ay snjd T [9pOW Ul SBIRLIBACD 8y} 10} paisnipe g 13PON,

"saoualayip A106a1e9 Ag suoijedipaw Juejnbeodiiue se [jam se 1ajalejdiiue pue suonedipaw Buliamol-pidi| ‘suolealpaw aAlsusladAynuUeR ‘suoieslpaw

“UOIRIABP PJIEpURIS ‘AS ‘UOIELIBA JO JUSIDIIS0D ‘AD {[BAISIUI 80UBPLIUOD ‘1D SUOIEBIABIGGY

Burlamol-asoon|b ‘syuans eiwaeoA|BodAy ‘adAl soueinsul ‘ael uoel|l Jejniawolb parewnss ‘onel JaH/1AQH-uUou ‘ainssald poojq 21101sAs ‘Xapul ssew Apoq ‘Buijows ‘xas ‘ades ‘abe 1oy paisnipe T |9poN

q

/AD OTV/GH 104 858310U1 JUN 0T 13d),

Author Manuscript

(o' 1-02'T) 0€'T
62T-vTT) 12T
(ev'1-82°T) 98T

(92'1-ST'T)0Z'T
(€TT-OTTLTT

(ve'1-22'1) 82T

(LzT-80T)8T'T
8z T-vT'T) 22T

(e T-v2T) 08T

£SSE9 Ul 1uN-T sed

100>

100>

100>

100>

100>

100>

100>

100>

100>

pusJi oy d

Author Manuscript

(¥0'2-85'T) 08'T
(98'T-87'T) 99°'T
(€07-99°T) €8T

T€S 1€

Ge0T
S¥9.L

(L6'T-€ST) VLT
(06 T-€5T) OL'T
(L0'z-02T) 18T

699 0€

800T
€€GL

(LLT-TV'T) 65T
(08'T-S7'T) 29°'T
(L6'T-T9T)8L'T

96 0€

166
696G

yajnrend

(89'T-G€'T) 0S'T
(T9'T-0€T) SP'T
(0LT-0V'T) ¥5°T

662 2€

90T
096

(€2 T-6€T)SS'T
(89T-92T) IS T
(08'T-87'T) €9°'T

098 T¢

€80T
88v.L

(§6'T-92T) OV'T
(6S'T-0€T) 2V'T
(89°T-6€T) €G'T

70 2€

90T
L1SL

€9[end

¢ 31avl

(SF1T-LTT) IET
(SP'1-8T'T) 2€T
(¥ST-22T) OV'T

9e€ T¢

6T0T
yivL

yrT-8TT) 28T
(8Y'T-02T) €€°T
(¥S'1T-92'T) 6E'T

62v 1€

666
88€L

(Zr'1-8T'T) 05T
(S7'1-02T) TET
(05 T-¥2'T) 98T

€9€ T

8101
90vL

za[hend

Author Manuscript

00T
¢1e8e
959
1689

899

T9rend

(12 %S6) ¥H ‘Z 13O
Q:o %56) 4H ‘T [9PON

(12 %S6) HH paisnipe ‘aoel pue xas ‘aby
sIeak-uosiad
$9SeD JO "ON

sjuaned Jo ‘ON

as 9TvqH pasnipy

(12 %86) ¥H ' 13poN
(12 %56) ¥H ‘T 19PN

(12 %S6) dH paisnipe ‘aoes pue xas ‘aby
sIeak-uosiad
S3SBJ JO 'ON

syuaned Jo ‘0N

NADJTVaH

(10 %56) ¥H 'Z 13O
q:o %G6) YH 'T [3pON

(12 %G6) UH paisnipe ‘aoel pue xas '8y
sI1eak-uosiad
S9sed JO 'ON

siuaned Jo ‘oN

ds dTvaH

Au[1geLIRA OTWQH MSIA-01-1ISIA 01 BUIPIOJOR 8SBasIp Je[NISLAOIR.IRD JO SUi 10) SOlel piezeH

Author Manuscript

Diabetes Obes Metab. Author manuscript; available in PMC 2022 May 11.



Page 15

Shen et al.

"OTV/QH 10 anjea uesw payepdn ay snjd T [9poOLU Ul Sa1eLIBA0D 10y palsnipe Z 13PON,

'saoualapip A10691e9 Aqg suonealpaw juejnbeodnue pue jajarejdiiue pue suolealpaw Buiamol-pidi| ‘suoijedipaw aAisuaadAynue ‘suoljedipaw

“UOIRIABP PJIEpURIS ‘AS ‘UOIELIBA JO JUSIDIIS0D ‘AD {[BAISIUI 80UBPLIUOD ‘1D SUOIEBIABIGGY

Burlamol-asoon|b ‘syuans eiwaeoA|BodAy ‘adAl soueinsul ‘ael uoel|l Jejniawolb parewnss ‘onel JaH/1AQH-uUou ‘ainssald poojq 21101sAs ‘Xapul ssew Apoq ‘Buijows ‘xas ‘ades ‘abe 1oy paisnipe T |9poN

q

/AD OTV/GH 104 858310U1 JUN 0T 13d),

Author Manuscript

(Sr'1-12T) 28T
(0£'T-0T'T) 02T

(zr1-€zT) 2ET

(62'T-2T'T)0Z'T
(2Z1T-80T)ST'T

(se'1-02'1) L2T

(LeT-STTLTT
(52'1-80'T)9T'T

(e T-v2T) 08T

£SSE9 Ul 1uN-T sed

100>

100>

100>

100>

100>

100>

100>

100>

100>

pusJi oy d

Author Manuscript

(€0Zz-9rT) TLT
(18'T-9€'1)85°T
(T0Z-85'T) LT

996 /2

059
S¥9.L

(06'T-27'T) S9'T
(6LT-SE'T) SS'T
(T0Z-SS'T)2L'T

08 92

9€9
€€GL

(T0Z-9¥T) TLT
(72 1-2€T) 28T
(¥6'T-0ST) TLT

670 /2

9¢9
696G

yajnrend

(191221 2r'tT
(0S'T-2T'T)0E'T
(89'T-05T) 8V'T

685 82

£99
096

(99'T-82°T) 97'T
(09T-€2T) Tv'T
(2 T-9€T) ¥S'T

FAYA:14

189
88v.L

(09T-22T) OV'T
(TS'T-ST'T)ZE'T
(99T-62°T) 9'T

1S€ 82

¢l9
L1SL

€9[end

€31avl

(09'T-€2T) OF'T
PST-LTT) VET
V9112 T)SP'T

166 12

999
vl

(67’ T-¥T'T) 0T
(05T-STT) TET
(65'T-€2°T) OF'T

2912

L€9
88€L

(6YT¥TT) TET
(05 T-9T'T) 2€'T
(L6T-€2T) 6T

€€9 /2

199
90vL

za[hend

Author Manuscript

00T
6y v¢
v6€
1689

899

T9rend

(12 %S6) ¥H ‘Z 13O
Q:o %56) 4H ‘T [9PON

(12 %S6) HH paisnipe ‘aoel pue xas ‘aby
sIeak-uosiad
$9SeD JO "ON

sjuaned Jo ‘ON

as 9TvqH pasnipy

(12 %86) ¥H ' 13poN
(12 %56) ¥H ‘T 19PN

(12 %S6) dH paisnipe ‘aoes pue xas ‘aby
sIeak-uosiad
S3SBJ JO 'ON

syuaned Jo ‘0N

NADJTVaH

(10 %56) ¥H 'Z 13O
q:o %G6) YH 'T [3pON

(12 %G6) UH paisnipe ‘aoel pue xas '8y
sI1eak-uosiad
S9sed JO 'ON

siuaned Jo ‘oN

ds dTvaH

AN[10eLIEA OT\WQH NSIA-01-1ISIA 01 BUIPI0JIR 8SeasIp Leay AJeuolod JO 3su 1o Solel piezeH

Author Manuscript

Diabetes Obes Metab. Author manuscript; available in PMC 2022 May 11.



Page 16

Shen et al.

"OTV/QH 10 anjea uesw payepdn ay snjd T [9poOLU Ul Sa1eLIBA0D 10y palsnipe Z 13PON,

'saoualapip A10691e9 Aqg suonealpaw juejnbeodnue pue jajarejdiiue pue suolealpaw Buiamol-pidi| ‘suoijedipaw aAisuaadAynue ‘suoljedipaw

"UOITRIABP PJBpUEIS ‘AS ‘01el pJezey “YH ‘UOITRLIEA JO JUSIONIB00 ‘AD [eAIBIUI B0USPIILOD ‘1D :SUOIRIABIGAY

Burlamol-asoon|b ‘syuans eiwaeoA|BodAy ‘adAl soueinsul ‘ael uoel|l Jejniawolb parewnss ‘onel JaH/1AQH-uUou ‘ainssald poojq 21101sAs ‘Xapul ssew Apoq ‘Buijows ‘xas ‘ades ‘abe 1oy paisnipe T |9poN

q

/AD OTV/GH 104 858310U1 JUN 0T 13d),

Author Manuscript

(S5'1-92'T) OF'T
(P12 1) EET
(ST-2eT) EV'T

(0 T-TT'T)0Z'T
(0£T-¥11) 22T
(Tr'1-v21) 2€T

(EV'T-LTT) 05T
(0¥'1-02'T) 62T
r1-127) L8T

£SSE9 Ul 1uN-T sed

100>

100>
100>

100°0>

100>
100>

100>

100>
100>

pusJi oy d

Author Manuscript

(82'2-65'T) 06'T
(60'2-v5'T) 08'T
(ST2-€97) /87T
LTS 2€

125

a9/

(92'2-291) €6'T
(€22-59T) 26T
(0e'2-vL'1) 002
789 1€

81S

€66,

(222-55'1) 98°T
(¥0'Z-0S'T) 92T
(¥T'2-29T) 98T

(99'1-12T) 2V'T
(z91-0zT) OV'T
(L9T-12T) ST
66€ €€

GTS

095/

(LLT-08T) ST
(62 T-€€T) ¥S'T
(z8'1-86'T) 65T
G162

€25

88y.

(9T-2zT) 2v'T
(T9'T-T2T)OV'T
(€9 T-v2T) 2V’ T

€06 TE 19T €€

805 50§

695. 118/

va|nend €9[nrend
¥ 319VvL

(S¥'1-60'T) 92'T
(ev'1-90T) V2T
(S#'1-0TT) 92T
82y 2€

8y

vIvL

(0§ T-2TT)0ET
(05 T-€TT)0ET
(zgT-9TT) EET
6v 2

187

88¢.

(Tr'1-60T) €T°T
(ev'1-L0T) €E2'T
(ov'T-1T1)L2T
9y 2€

26

907.

za[hend

Author Manuscript

00T
00T
00T
TTL1¢
TEE
799

00T
00T
¥56 8¢
6¢€
1689

00T
00T
00T
¥¥S 8¢
ave
899

T9rend

(12 %S6) ¥H ‘Z 13O
Q:o %56) 4H ‘T [9PON

(12 %S6) HH paisnipe ‘aoel pue xas ‘aby
sIeak-uosiad
$9SeD JO "ON

sjuaned Jo ‘ON

as 9TvqH pasnipy

(12 %86) ¥H ' 13poN
(12 %56) ¥H ‘T 19PN

(12 %S6) dH paisnipe ‘aoes pue xas ‘aby
sIeak-uosiad
S3SBJ JO 'ON

syuaned Jo ‘0N

NADJTVaH

(10 %56) ¥H 'Z 13O
q:o %G6) YH 'T [3pON

(12 %G6) UH paisnipe ‘aoel pue xas '8y
sI1eak-uosiad
S9sed JO 'ON

siuaned Jo ‘oN

ds dTvaH

AuljigeLien 9TgH 1ISIA-01-1ISIA 0] BuIp10ooe 80115 JO XS 0] soles pJezeH

Author Manuscript

Diabetes Obes Metab. Author manuscript; available in PMC 2022 May 11.



Page 17

Shen et al.

sdnoJBgNs JUsJALLIP Ul 8INSeaLU SNONUIUO0D B Se AlljIgeLIeA OT/QH MSIA-01-1ISIA 01 BUIPIOJOR 8SeasIp Je[NISLAOIRIRD JO Sii 10) Solel piezeH

Author Manuscript

S 319vL

Author Manuscript

(Tr'1-66'0)8T'T
(82'1-G7°0) 060
(2ST-LTTIVET
(SZT-80T) ¥T'T
(Se'T-€TT) €21
(Se'T-9T'T) S2'T
(56'7-80°T) 9¥'T

(#S'T-0€T) OF'T
(€2'T-26°0) 0T'T

(0gT-TTT)0Z'T
(#8'T-GE'T) 09T

(LeT-€TT)STT
(LS T-92T) O7'T

(0S'T-02T) ¥€'T
(€eT-TTT) €TT

(S5'1-92°'T) O7'T
(eeT-20T) 02T

(05'1T-G2'T) 95°T
(#€'T-80T) 12T

as OTVgH pesnipy

(ov'1-€0T) 02T
(8L'T-¥5'0) 860
(ev'1-€11) 22T
(zz1-€0T) CT'T
(cz1-90T) ¥T'T
(LzT-2TT)6T'T
(s5'1-50'T) 92T

(2eT1T-9TT) 2T
(#T'T-26°0) TO'T

(22 T-90T) ET'T
(0ST-v2T) 2€'T

(22 1-L0T) ST'T
eT-VTT) 2T

(eeT-¥TT) €T'T
(y21-90T) ST'T

(seT-LTT)9Z'T
(0z1-10T) 2T'T

(LzT-2TT)6T'T
(0zT-20T) 0T'T

NI OTVaH

(2£'1-86'0) 9T'T
(02'T97°0) 680
(Or'1-¥T'T) 62T
(TZT-10IT'T
(62'1-60'T) 6T'T
(0e'T-€TT) 12T
(eg1-L0T) OV'T

(2r1-T2T) €T
(T2'1-26°0) 20T

(S2'1-80'T) ST'T
(92 T-08T) ¥S°T

(0£'1-80°'T) 8T'T
(LrT1-8TT) 2€'T

(S7'1-8T'T) 0£'T
(ze1-60T) 02T

(87 T-T2T) ¥€'T
(LZT-S0T)9T'T

(2r'1-02°'T) 0£'T
(82 T-v0T) ST'T

dsOTvaH

Author Manuscript

sistuobe 101dadal T-419

q

101 qIyul asepIsoon|f-o

q

slonquyul ¥dda
raInjAuoyding

1Insu|
uIwopeIN

asn ON

suo1edIPaW BULIBMO|-8509N|)

Bursjows JanaN

Buryjows ised pue Juaind

q

QwESm Bupjows

%0'L2
%0'L>
[9A8] ITVOH UBaA

q

2W/B% 0=
Zw/Bx 0g>

Xapul ssew Apog auljaseq

AMUYM

UBOLIBWY/-UBDLIYY

aoey
a[eway
BTN

X3S

Author Manuscript

Diabetes Obes Metab. Author manuscript; available in PMC 2022 May 11.



Page 18

Shen et al.

a1|-uobean|b ‘T-4719 ‘a1ed uones|iy sejniswolb ‘449 ‘y-asepndad |Apndadip ‘vdd@ ‘UoIBLIBA JO WUBIDILB0I ‘AD ‘$18%20]q J01dadal uisuslolbue ‘gyY ‘BwAzus BuriaAuod-uisusiolbue ‘JOy :SUORIABIGYY

Author Manuscript

Author Manuscript

‘G0"> uonodelslul Joj 4

q

/AD 9TVH 10} 858310UI N 0T J8d),

*Z-19110dsue.-09 8509N|B-WNIPOS ‘Z119S ‘UoKRIASP plepuels ‘as ‘T-apndad

"0TVQH J0 anjeA ueaw pajepdn
ay1 snjd saoualayip A106a1ed Aq suoijedipaw juejnfeodnue se ||am se 18]are|diiue pue suonedipaw Buamol-pidi] ‘suoiredipaw aAIsuapadAynue ‘suoljedipaw Builamol-asoan|b ‘siuans elwsedL|bodAy
‘adA) soue.nsul ‘ajel uoe.|iy Jejniswolf parewnss ‘onel uisioidodi| Ansusp-ybiysuisiosdodi) Ansusp-ybiy-uou ‘ainssaid poojq 91j01sAs ‘xapul ssew Apoq ‘Buiyouws ‘xas ‘aael ‘abe 1oy parsnlpy 910N

(7€' 1-8T'T) 92'T
(Te'1-0T'1)02'T
(9e'1-9TT)9Z'T
(r2'1-60'T) 9T'T
(LzT-2T1T) 6TT
(6ZT-¥TT) 12T
(9¥'1-06'0) ST'T

(8Y'T-52'T) 88T
(2€'1-96'0) €T'T

(95°1-86°0) ¥2'T
(€9'1-18°0) 6T'T

(05°'T-99°0) 66°0

asS OTVaH pasnipy

(Tr'1-22 1) 16T
(SzT-L0T)9T'T
(ov'T-0zT) 2ET
(62'T-0T'T) 6T'T
weT-vT1) 2T
FeT-STT T
(e2'1-98'0) 90'T

(0£'T-ST'T) £2'T
(LT'1-€6'0) 0T

(87'1-66'0) TZ'T
(05'1T-98°0) €T'T
(67'T-€2°0) SO'T

N ITVAH

(9e'1-8T'T)L2T
(zzT-c0T) ET'T
(or'T-911) 22T
(r2'1-L0T) 9T'T
(62'T-TT'T)0C'T
(6zT-2TT)0ZT
(ev'1-16'0) ¥T'T
q
(er1-TeT) 1ET
(92'1-96'0) TT'T

(05'T-160) 02T
(95'1-98°0) 9T'T
(S7'7-99°0) 86°0

asoTvaH

Author Manuscript

q

anaInIq
18)20]g-0
adv
Jouqiyur 30V

19)00]q [aUUBYD WINIO[ED

suolrealpaw Buriamol-pidi

q

1340019-¢

asn oN

suoleaIpaw aAIsuaadAynuy

asN

asn oN

Qm‘_og_g_cc_ ¢119s

sauoIpauIpI|oZely |

sapiuniBa
g pruniosin

Author Manuscript

available in PMC 2022 May 11.

Diabetes Obes Metab. Author manuscript



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study participants
	Baseline measurements
	Follow-up and visit-to-visit HbA1c variability
	Statistical analyses

	RESULTS
	DISCUSSION
	References
	TABLE 1
	TABLE 2
	TABLE 3
	TABLE 4
	TABLE 5

