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Background: Obesity is associated with adverse health events among diabetic patients, however, the relationship between obesity
fluctuation and risk of microvascular complications among this specific population is unclear. We aimed to examine the effect of
waist circumference (WC) and body mass index (BMI) variability on the risk of diabetic microvascular outcome

Methods: Annually recorded anthropometric data in the Action to Control Cardiovascular Risk in Diabetes (ACCORD) study
was used to examine the association of WC and BMI variability defined as variability independent of mean, with the risk of mi-
crovascular outcomes, including neuropathy, nephropathy, and retinopathy. Cox proportional hazards models were used to esti-
mate the hazard ratios (HRs) and 95% confidence intervals (Cls) (Trial registration: ClinicalTrials.gov., no. NCT00000620).
Results: There were 4,031, 5,369, and 2,601 cases of neuropathy, nephropathy, and retinopathy during a follow-up period of
22,524, 23,941, and 23,850 person-years, respectively. Higher levels of WC and BMI variability were associated with an increased
risk of neuropathy. Compared with the lowest quartile, the fully-adjusted HR (95% CI) for the highest quartile of WC and BMI
variability for neuropathy risk were 1.21 (1.05 to 1.40) and 1.16 (1.00 to 1.33), respectively. Also, higher quartiles of BMI variabili-
ty but not WC variability were associated with increased risk of nephropathic events. The fully-adjusted HR (95% CI) for the
highest quartile compared with the lowest quartile of BMI variability was 1.31 (1.18 to 1.46). However, the results for retinopathic
events were all insignificant.

Conclusion: Among participants with type 2 diabetes mellitus, WC and BMI variability were associated with a higher risk of neu-
ropathic events, whereas BMI variability was associated with an increased risk of nephropathic events.
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INTRODUCTION

Despite decades of improvement in public health services, the
prevalence of diabetes mellitus (DM) has been on the rise
globally and has in recent times been recognized as a global
public health problem [1]. According to the World Health Or-
ganization (WHO), the number of people living with DM rose
from 108 million in 1980 to 422 million in 2014 [2], a figure
that has been projected to rise to 592 million by 2035 [3]. Simi-
larly, complications associated with DM have also been on the
rise in tandem with trends of DM worldwide [2]. Reports show
that about 20% to 40% of patients with DM would develop dia-
betic kidney disease [4], while 10% are likely to develop dia-
betic retinopathy [5], and up to 50% would eventually develop
diabetic neuropathy [6].

Several factors including obesity have been identified as
plausible risk factors for the pathology of microvascular com-
plications among patients with diabetes [6-8]. Indeed, ade-
quate weight loss in individuals with obesity has been associat-
ed with a substantial decline in blood pressure (BP), improve-
ment in insulin sensitivity, decrease in proteinuria, and meta-
bolic benefits [9-11]. Hence, maintenance of ‘normal’ body
weight has been a target as part of the management of non-
communicable diseases such as DM [12]. However, prospec-
tive studies have shown that obesity indexes frequently fluctu-
ate and may be linked to the risk of macrovascular and micro-
vascular outcomes [13,14]. Although a number of studies have
examined the relationship between body weight variability and
cardiovascular complications and mortality in patients with
diabetes [15-17], there is a paucity of studies examining the as-
sociation between waist circumference (WC) or body mass in-
dex (BMI) variability and diabetic microvascular complica-
tions. Since WC and BMI may reflect different forms of adi-
posities [18-20], variability in these measures could differently
be associated with certain health outcomes.

In this context, we conducted a post hoc analysis of publicly
available Action to Control Cardiovascular Risk in Diabetes
(ACCORD) study data to examine the association between in-
traindividual variability in WC and BMI with the risk of mi-
crovascular complications among patients with diabetes. The
ACCORD trial was a randomized, multi-center, double 2x2
factorial trial in 10,251 participants with type 2 diabetes melli-
tus (T2DM). The current study gives a unique sample of pa-
tients with T2DM, with comprehensive baseline measure-
ments and almost complete follow-up for diabetic microvascu-

768

lar complications, including neuropathy, nephropathy, and ret-
inopathy.

METHODS

Study participants and data collection

ACCORD was a randomized clinical trial of 10,251 partici-
pants with T2DM who were followed to assess the health ef-
fects of intensive glycemic, lipid, and BP control as against
standard control [21,22]. The design and main results of the
ACCORD study have been published previously [22]. Briefly,
ACCORD had three study arms: (1) glycaemia trial (glycosyl-
ated hemoglobin [HbAlc] <6.0% vs. 7.0%< HbAlc <7.9%);
(2) lipid trial (fenofibrate vs. placebo); and (3) BP trial (systolic
blood pressure [SBP] <120 mm Hg vs. SBP <140 mm Hg),
with all participants involved in the glycaemia trial [23]. Re-
cruitment of participants into the study began in January 2001
through to October 2005 from 77 clinical sites across Northern
America (i.e., USA and Canada). Participants were followed
up until June 2009 when the ACCORD study was ended [24].
Ethical approval for the ACCORD study was granted by Insti-
tutional Review Boards (IRB) of each clinical site and written
informed consent was obtained from all recruited participants
(trial registration: ClinicalTrials.gov., no. NCT00000620) [25].
It is noteworthy to mention that the authors of this current
study were not involved in the ACCORD trial project but only
conducted a post hoc analysis of the ACCORD dataset.

For this study, participants were excluded if they had less
than two recorded anthropometric measurements (n=460).
Then, for the analysis of each microvascular outcome, individ-
uals with the very prevalent microvascular outcome at baseline
were excluded. For neuropathy outcome, 2,587 participants
with prevalent neuropathy were excluded; for nephropathy
outcome, 1,037 participants with prevalent macroalbuminuria
and 34 persons with serum creatinine >3.3 mg/dL were ex-
cluded; and for retinopathy, 1,003 patients with retinopathy,
2,184 patients with eye disease and 387 patients who have had
eye surgeries were excluded from the analysis. The analytic
samples for neuropathy, nephropathy, and retinopathy out-
comes were 7,204, 8,720, and 6,217, respectively.

Measures of variabilities in WC and BMI

Exposure of interest was anthropometric measurements ob-
tained at baseline and then annually, including WC and BML
WC was measured at the smallest point between the 10th rib
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and the iliac crest over bare skin using steel or non-stretching
plastic tape. Height was measured using either a steel tape
measure marked in centimeters which was hung vertically on
the wall with a headboard at a right angle or commercial stadi-
ometers. Participants were asked to position themselves
against the wall having their heels, buttocks, and/or shoulder
blades touching the board (tape), and their eyes looking
straight, feet together with ankles touching or as close as possi-
ble. Bare feet were preferred while light or nylon socks were
also allowed during the measurement. Finally, the weight of
participants was measured using high-quality scales in clinical
practice; during the weighing procedure, participants were
asked to wear as little clothing as possible, removing shoes, and
other external accessories. All values were recorded to the
nearest decimal place. BMI was calculated as weight (kg) di-
vided by squared height (m).

Variabilities in WC and BMI were defined as intra-individual
variabilities between measurements using the following four
variability measures: (1) average successive variability (ASV),
which was defined as the average absolute difference between
successive visits; (2) standard deviation (SD); (3) coeficient of
variation (CV); and (4) variability independent of the mean
(VIM). VIM was calculated as 100xSD/mean®, where j is the
regression coeflicient, based on the natural logarithm of the SD
on the natural logarithm of the mean. The uncorrected VIM was
corrected using this formula: (VIM uncorrected x mean of CV)/
mean of VIM uncorrected [26]. Because the results from all
variability measures were similar (with exception of the results
between variability measures and the relationship with retinopa-
thy in our primary analysis), the corrected variability indepen-
dent of the mean (cVIM) was used as the primary variability
measure in this study whiles results from the other variability
measures are reported for comparative purposes [16,27,28].

Study outcomes and follow-up

The endpoints considered in our analysis were the predefined
ACCORD microvascular outcomes defined as neuropathy: a
composite of (1) new score of >2.0 on the Michigan Neuropa-
thy Screening Instrument (MNSI), (2) new loss of vibratory
sensation (tested using 128 Hz tuning fork), (3) new loss of an-
Kkle jerk during Jendrassik maneuver, or (4) new loss of light
touch (as measured by 10 g force monofilament test); nephrop-
athy: a composite of (1) development of macroalbuminuria, (2)
development of renal failure, or (3) doubling of baseline serum
creatinine or more than 20 mL/min/1.73 m* decrease in esti-
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mated glomerular filtration rate (eGFR); and retinopathy: a
composite of (1) retinal photocoagulation or vitrectomy to
treat retinopathy, (2) eye surgery for cataract extraction, (3)
three-line change in visual acuity (as measured using Log MAR
visual acuity chart), or (4) severe vision loss (as measured by
Snellen fraction <20/200). Patients who experienced any one
of the predefined microvascular events that comprised the
composite neuropathy, nephropathy, and retinopathy outcome
were considered to have experienced that specific disease. Sup-
plementary Table 1 shows the three predefined ACCORD mi-
crovascular endpoints and their frequency of assessment.

Statistical analysis

Participants’ characteristics were described using mean+SD or
median (interquartile range) for continuous variables, depend-
ing on whether the data distribution was normal (assessed by
the Shapiro-Wilk test); categorical variables were described by
frequency and percentage. The association between WC and
BMI variability (as measured by corrected variability indepen-
dent of mean) and the risk of outcomes was evaluated with the
use of WC and BMI variability as a categorical variable.

Cox proportional hazards regression model was used to esti-
mate the hazard ratio (HR) and 95% confidence interval (CI),
using WC and BMI variability as a time-dependent covariate.
The crude models and fully adjusted models were used. With
the exception of baseline age, sex, and race, all baseline charac-
teristics with a P<0.10 in the univariate analysis were included
in the multivariable models for respective microvascular out-
comes. In Kaplan-Meier analysis for the outcomes, the highest
quartile (Q4) category was compared with the lower three
quartiles (Q1-Q3) as a reference category. The differences be-
tween categories were assessed using the log-rank test. Addi-
tionally, to account for WC and BMI variability as a categorical
variable, patients were divided into quartiles, using the lowest
quartiles as the reference.

The multivariable models comprised baseline age (continu-
ous), sex (male or female), race (white or non-white), diabetes
duration (continuous), BP versus lipid treatment arm (stan-
dard BP, intensive BP, fibrate, and placebo), SBP (continuous),
diastolic blood pressure (DBP; continuous), low density lipo-
protein (LDL; continuous), high density lipoprotein (HDL;
continuous), HbAlc (continuous), baseline BMI (continuous)
(or baseline WC) in addition to allocation to glycemia treat-
ment arm (intensive and standard), insulin use (yes or no), al-
cohol consumption (yes or no) for neuropathy (model 2); an-
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tihypertensive medication (yes or no), cardiovascular disease
(CVD) history (yes or no), eGFR (continuous), and UACR
(continuous) for nephropathy (model 2?); allocation to glyce-
mia treatment arm (intensive and standard) and insulin use
(yes or no) for retinopathy (model 2°).

Further exploration was carried out to examine possible in-
teractions between each SD increase in WC and BMI variabili-
ty (cVIM), and the following baseline characteristics of the
participants with respect to each microvascular outcome: age
(<65 or >65 years), sex, diabetes duration (<9 or >9 years),
glycemia arm (intensive or standard), BP versus lipid treat-
ment arm (standard BP, intensive BP, lipid placebo, and lipid
fenofibrate), and SBP (<139 or >139 mm Hg). The statistical
significance of the interactions was assessed by adding a multi-
plicative term to the Cox models. Sensitivity analyses were also
performed by excluding participants who had the respective
events within the first year of follow-up and participants with
any serious adverse event (attributed to study medication and
not related to hypoglycemia) that occurred in the first 18
months of follow-up.

All statistical analyses were 2-sided, and we considered a P

value of <0.05 to be statistically significant. All analyses were
performed using Stata version 14.2 (StataCorp., College Sta-
tion, TX, USA).

Ethics statement

The studies involving human participants were reviewed and
approved by ACCORD Protocol Review Committee appointed
by National Heart, Lung, and Blood Institute (NHLBI) & local
IRBs of participating clinical sites. This study has been re-
viewed and found the study exempted from IRB approval (No.
2022-0407). The patients/participants provided their written
informed consent to participate in this study.

Data availability statement

Publicly available dataset was analysed in this study. This data
can be found at: https://biolincc.nhlbi.nih.gov/studies/accord/
(Repository: Biologic Specimen and Data Repository).

RESULTS

Table 1 shows the distribution of baseline characteristics of in-

Table 1. Differences in baseline characteristics of participants with neuropathy, nephropathy, and retinopathy

Neuropathy Nephropathy Retinopathy

Characteristic No cases Cases Paluet No cases Cases Pvaluet No cases Cases Pvaluet

(n=3,173) (n=4,031) (n=3,351) (n=5,369) (n=3,616) (n=2,601)
Age, yr 61.6 62.2 <0.001 62.2 61.9 0.196 60 61.8 <0.001
(57.4-663)  (57.7-67.6) (57.7-67.4)  (57.7-66.9) (56.6-64.4)  (57.6-66.2)

Sex <0.001 0.002 0.134
Male 1,859 (58.6) 2,551 (63.3) 2,007 (59.9) 3,390 (63.1) 2,300 (63.6) 1,606 (61.7)

Female 1,314 (41.4) 1,480 (36.7) 1,344 (40.1) 1,979 (36.9) 1,316 (36.4) 995 (38.3)

Race <0.001 0.035 0.084
White 1,644 (51.8) 2,648 (65.7) 2,074 (61.9) 3,443 (64.1) 2,223 (61.5) 1,655(63.6)
Non-white 1,529 (48.2) 1,383 (34.3) 1,277 (38.1) 1,926 (35.9) 1,393 (38.5) 946 (36.4)

WC, cm 104.1 106.7 <0.001 105.5 106.7 <0.001 106.7 105.4 0.023

(94.7-114)  (97.8-115.6) (96.5-115.6) (97.8-116.8) (96.5-116.8) (96.5-114.5)
BMI, kg/m’ 31.0 31.8 <0.001 315 32.0 0.017 32.2 31.5 <0.001
(27.5-35.0)  (28.2-35.7) (28.1-35.8)  (28.3-36.0) (28.4-36.2)  (27.9-35.6)

HbAlc, % 8(7.5-8.8) 8.1(7.6-8.9) 0.072 8.0(7.5-8.7) 8.2(7.6-8.9) <0.001 8.1(7.5-8.8) 8.2(7.6-9) <0.001

Duration of diabetes,yr 8 (4-14) 9 (5-14) 0.001 9(5-15) 9 (5-15) 0.001 7 (4-12) 9(5-14)  <0.001

Glycemia 0.006 0.383 <0.001
Standard 1,511 (47.6) 2,050 (50.9) 1,653 (49.3) 2,700 (50.3) 1,728 (47.8) 1,357 (52.2)

Intensive 1,662 (52.4) 1,981 (49.1) 1,698 (50.7) 2,669 (49.7) 1,888 (52.2) 1,244 (47.8)
(Continued to the next page)
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Table 1. Continued

Neuropathy Nephropathy Retinopathy
Characteristic No cases Cases Paluet No cases Cases Paluet No cases Cases Pvaluet
(n=3,173) (n=4,031) (n=3,351) (n=5,369) (n=3,616) (n=2,601)
Arm of trial 0.010 <0.001 0.044
Standard BP 721(22.7) 946 (23.5) 1,015(30.3) 1,001 (18.6) 788 (21.8) 640 (24.6)
Intensive BP 808(25.5) 898 (22.3) 742 (22.1) 1,302 (24.3) 861(23.8)  572(22.0)
Lipid placebo 805(25.4) 1,111 (27.6) 1,102 (329) 1218(22.7) 990 (27.4) 683 (26.3)
Lipid fibrate 839 (26.4) 1,076 (26.7) 492 (14.7) 1,848(34.4) 977 (27.0) 706 (27.1)
Insulin use <0.001 0.261 <0.001
Yes 863(27.2) 1,288(32.0) 1,111 (33.2) 1,843 (34.3) 931 (25.8) 812 (31.2)
No 2,310 (72.8) 2,743 (68.1) 2,240 (66.9) 3,526 (65.7) 2,685 (74.3) 1,789 (68.8)
Statin use 0.728 0.603 0.734
Yes 2,014 (63.8) 2,546 (63.4) 2,120 (63.5) 3,424 (64.0) 2,256 (62.6) 1,611(62.2)
No 1,143 (36.2) 1,470 (36.6) 2,120 (63.5) 3,424 (64.0) 1,345 (37.4) 978 (37.8)
Antihypertensive 0.913 0.011 0.202
Yes 2,695 (84.9) 3,420(84.8) 2,820(84.2) 4,625(86.1) 3,048 (84.3) 2,161 (83.1)
No 478 (15.1) 611 (15.2) 531 (15.9) 744 (13.9) 568 (15.7) 440 (16.9)
Alcohol consumption 0.004 0.333 0.254
Yes 719(22.7) 1,032 (25.6) 839(25.1) 1,296 (24.1) 941 (26.0) 644 (24.8)
No 2,453(77.3) 2,997 (74.4) 2,509 (74.9) 4,072 (75.9) 2,673 (74.0) 1,957 (75.2)
Cigarette smoking 0.125 0.214 0.148
Yes 443 (14.0) 513 (12.7) 430 (12.8) 739 (13.8) 561 (15.5) 369 (14.2)
No 2,730 (86.0) 3,518 (87.3) 2,921 (87.2) 4,630 (86.2) 3,055 (84.5) 2,232 (85.8)
CVD history 0.192 <0.001 0.152
Yes 1,029 (32.4) 1,366 (33.9) 1,050 (31.3) 1,939 (36.1) 1,154 (31.9) 875(33.6)
No 2,144 (67.6) 2,665 (66.1) 2,301 (68.7) 3,430 (63.9) 2,462 (68.1) 1,726 (66.4)
SBP, mm Hg 136 135 0.099 133 136 <0.001 134 136 <0.001
(125-147)  (125-147) (123-143)  (125-147) (124-145)  (126-147)
DBP, mm Hg 75(69-82)  74(68-82)  <0.001 74 (68-81)  75(68-82) 0.071 76 (69-83)  75(68-82) 0.017
HDL, mg/dL 41 (35-49)  40(34-48) <0.001 41(35-49)  39(34-47) <0.001 39(34-47) 40 (34-48) 0.028
LDL, mg/dL 102 (82-128) 101 (81-124) 0.103 102 (82-126) 100 (80-124) 0.004 102 (81-125) 103 (83-128) 0.071
eGFR, mL/min/1.73 m? - - - 80.3 92.1 <0.001 = = =
(68.6-92.1)  (79.6-108.8)
UACR, mg/g - - - 10 (6-22) 15 (7-44) <0.001 - - -
Serum creatinine, - - - 0.9(0.8-1.1) 0.8(0.7-1.0) <0.001 - - -

mg/dL

Values are presented as median (interquartile range) or number (%).

WC, waist circumference; BMI, body mass index; HbAlc, glycosylated hemoglobin; BP, blood pressure; CVD, cardiovascular disease; SBP, sys-
tolic blood pressure; DBP, diastolic blood pressure; HDL, high density lipoprotein; LDL, low density lipoprotein; eGFR, estimated glomerular
filtration rate; UACR, urinary albumin creatinine ratio.

*P values for continuous variables are from the rank-sum test. All other P values are from the Pearson chi-square test.
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dividuals according to whether they developed neuropathy,
nephropathy, and retinopathy or not. For participants who
were included in the study, participants who developed neu-
ropathy were more likely to be older, men, whites, have higher
levels of WC, BMI, longer duration of diabetes, non-insulin
users, alcohol abstainers, and had lower levels of DBP and
HDL. Also, participants who subsequently developed ne-
phropathy were more likely to be men, whites, have higher lev-
els of WC, BMI, HbAlc, use antihypertensive, less likely to
have CVD, have higher levels of SBP, eGFR, UACR, but lower
levels of HDL, LDL, serum creatinine. Participants who devel-
oped retinopathy were older, had higher levels of HbA1lc, SBP,
HDL, longer duration of diabetes, but had lower levels of WC
and BMI and were non-insulin users (Table 1). ACCORD re-
corded 4,031, 5,369, and 2,601 cases of neuropathy, nephropa-
thy, and retinopathy for a follow-up period of 22,524, 23,941,
and 23,850 person-years, respectively.

WC and BMI variability and risk of the outcome

The Kaplan-Meier curves for the relationship between obesity
variability measures and neuropathic, nephropathic, and reti-
nopathic events are shown in Supplementary Figs. 1-3. The
highest quartile in cVIM of WC showed a higher risk for neu-

ropathy and nephropathy compared to lower quartiles (Sup-
plementary Figs. 1 and 2), while the highest quartile in cVIM
of BMI showed a higher risk for nephropathy, compared to
lower quartiles (Supplementary Fig. 2).

Fig. 1 shows that the rates of any neuropathic, nephropathic,
and retinopathic event increased in increasing quartiles of
mean WC and BMI variability as measured by cVIM. Com-
pared with the lowest quartile, the hazard ratio (HR) (95%
confidence interval [CI]) for the highest quartiles of WC and
BMI variability measured by cVIM in the fully-adjusted mod-
el were 1.21 (95% CI, 1.05 to 1.40) and 1.16 (95% CI, 1.00 to
1.33) for any neuropathic event, respectively (Table 2). A simi-
lar trend of association of observed when ASV, CV, and SD
were used to evaluate the relationship of WC and BMI vari-
ability with neuropathy risk (Table 2). For the relationship of
WC and BMI variability with the nephropathic outcome,
higher quartiles of BMI variability were also associated with
increased risk of nephropathic events but not WC variability.
The fully-adjusted HR (95% CI) for the 4th quartile of BMI
variability measured cVIM was 1.31 (95% CI, 1.18 to 1.46),
compared with the 1st quartile (Table 3). A similar trend of as-
sociation was observed when other variability measures (ASV,
CV, and SD) were used in the analysis (Table 3). Meanwhile,
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Fig. 1. Rates of any microvascular event in quartiles of (A, B, C) waist circumference (WC) and (D, E, F) body mass index (BMI)
variability as measured by corrected variability independent of mean (cVIM).
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Table 2. Quartiles of WC and BMI variability measures and risk of neuropathy

dm

J

Variable Events Incidence rate/ Model 1 Model 2!
10 person-yr HR (95% CI) Pvalue HR (95% CI) Pvalue

WC (cVIM)
Q1 854 15 Ref Ref
Q2 1,036 1.8 1.21(1.10-1.33) <0.001 1.21(1.10-1.34) <0.001
Q3 1,067 1.9 1.21 (1.08-1.35) 0.001 1.22(1.08-1.37) 0.001
Q4 1,074 1.9 1.18 (1.02-1.35) 0.024 1.21 (1.05-1.40) 0.010
P for trend 0.048 0.019

WC (ASV)
Q1 870 1.5 Ref Ref
Q2 1,042 1.8 1.22 (1.11-1.34) <0.001 1.20 (1.08-1.32) <0.001
Q3 1,041 1.9 1.24 (1.11-1.40) <0.001 1.21 (1.08-1.37) 0.001
Q4 1,078 1.9 1.30 (1.13-1.49) <0.001 1.27 (1.10-1.47) 0.001
P for trend 0.002 0.005

WC (CV)
Q1 852 15 Ref Ref
Q2 1,043 1.8 1.23(1.11-1.35) <0.001 1.23(1.11-1.35) <0.001
Q3 1,064 1.9 1.21(1.08-1.36) 0.001 1.22(1.09-1.37) 0.001
Q4 1,072 1.9 1.18 (1.02-1.36) 0.022 1.21(1.05-1.39) 0.010
P for trend 0.053 0.024

WC (SD)
Q1 831 14 Ref Ref
Q2 1,030 1.8 1.26 (1.15-1.39) <0.001 1.22 (1.11-1.35) <0.001
Q3 1,078 1.9 1.29 (1.15-1.44) <0.001 1.24 (1.11-1.40) <0.001
Q4 1,092 2.0 1.27 (1.10-1.47) 0.001 1.23 (1.07-1.43) 0.005
P for trend 0.003 0.014

BMI (cVIM)
Ql 924 1.6 Ref Ref
Q2 1,005 1.8 1.08 (0.99-1.19) 0.098 1.10 (1.00-1.22) 0.047
Q3 1,048 1.9 1.12 (1.00-1.26) 0.043 1.14 (1.02-1.28) 0.024
Q4 1,054 1.9 1.10 (0.96-1.27) 0.169 1.16 (1.00-1.33) 0.046
P for trend 0.213 0.062

BMI (ASV)
Q1 927 1.6 Ref Ref
Q2 1,017 1.8 1.15 (1.05-1.27) 0.004 1.14(1.03-1.25) 0.010
Q3 1,042 1.9 1.20 (1.07-1.34) 0.002 1.17 (1.04-1.32) 0.008
Q4 1,045 1.9 1.24 (1.08-1.42) 0.003 1.20 (1.04-1.39) 0.013
P for trend 0.010 0.038

BMI (CV)
Q1 913 1.6 Ref Ref
Q2 1,001 1.8 1.10(1.00-1.21) 0.049 1.11(1.01-1.22) 0.034
Q3 1,042 1.9 1.16 (1.04-1.30) 0.010 1.17(1.04-1.31) 0.008
Q4 1,075 1.9 1.17 (1.02-1.35) 0.024 1.20(1.04-1.38) 0.014
P for trend 0.048 0.028
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Table 2. Continued

Variable Events Incidence rate/ Model 1 Model 2!
10 person-yr HR (95% CI) Pvalue HR (95% CI) Pvalue
BMI (SD)
Q1 881 1.5 Ref Ref
Q2 1,000 1.8 1.14 (1.04-1.26) 0.008 1.13 (1.03-1.25) 0.013
Q3 1,061 1.9 1.22 (1.09-1.37) 0.001 1.20 (1.07-1.35) 0.002
Q4 1,089 2.0 1.24 (1.08-1.42) 0.003 1.23 (1.06-1.42) 0.006
P for trend 0.006 0.013

Model 1: unadjusted model; Model 2': Adjusted for age, sex race, duration of diabetes, allocation to glycemia treatment arm, blood pressure
(BP) vs. lipid treatment arm, systolic BP, diastolic BP, low density lipoprotein, high density lipoprotein, glycosylated hemoglobin, insulin use, al-
cohol consumption, and baseline BMI (or WC).

WC, waist circumference; BMI, body mass index; HR, hazard ratio; CI, confidence interval; cVIM, corrected variability independent of mean;
ASV, average successive variability; CV, coeflicient of variation; SD, standard deviation.

Table 3. Quartiles of WC and BMI variability measures and risk of nephropathy

Variable Events e reBIes) Model1 Model 2
10 person-yr HR (95% CI) Pvalue HR (95% CI) Pvalue

WC (cVIM)
Q1 1,216 2.0 Ref Ref
Q2 1,360 23 1.08 (1.00-1.17) 0.049 1.07 (0.98-1.16) 0.109
Q3 1,369 23 1.05 (0.96-1.14) 0.306 1.01 (0.92-1.11) 0.796
Q4 1,424 24 1.06 (0.96-1.18) 0.259 0.96 (0.86-1.07) 0.450
P for trend 0.350 0.280

WC (ASV)
Q1 1,228 2.0 Ref Ref
Q2 1,336 2.2 1.07 (0.99-1.16) 0.084 1.01 (0.93-1.09) 0.887
Q3 1,377 2.3 1.06 (0.97-1.16) 0.176 1.04 (0.95-1.14) 0.392
Q4 1,428 2.5 1.13 (1.02-1.25) 0.025 1.10 (0.99-1.22) 0.088
P for trend 0.023 0.028

WC (CV)
Q1 1,217 2.0 Ref Ref
Q2 1,358 2.2 1.08 (1.00-1.17) 0.065 1.06 (0.98-1.15) 0.147
Q3 1,371 23 1.05 (0.96-1.14) 0.306 1.01 (0.93-1.11) 0.780
Q4 1,423 24 1.06 (0.96-1.17) 0.300 0.95 (0.86-1.06) 0.380
P for trend 0.375 0.251

WC (SD)
Q1 1,206 2.0 Ref Ref
Q2 1,316 2.1 1.04 (0.96-1.13) 0.305 1.04 (0.96-1.13) 0.311
Q3 1,397 2.3 1.07 (0.98-1.17) 0.111 0.96 (0.88-1.05) 0.391
Q4 1,450 25 1.09 (0.99-1.21) 0.094 1.02 (0.92-1.14) 0.699
P for trend 0.058 0.720

(Continued to the next page)
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Variable Events Incidence rate/ Model 1 Model 2*
10 person-yr HR (95% CI) Pvalue HR (95% CI) Pvalue

BMI (cVIM)
Q1 1,195 1.9 Ref Ref
Q2 1,275 2.0 1.03 (0.95-1.12) 0.426 1.11(1.02-1.21) 0.016
Q3 1,408 24 1.19 (1.09-1.30) <0.001 1.24 (1.13-1.36) <0.001
Q4 1,491 2.6 1.25(1.13-1.38) <0.001 1.31(1.18-1.46) <0.001
P for trend <0.001 <0.001

BMI (ASV)
Q1 1,184 1.8 Ref Ref
Q2 1,315 2.1 1.14 (1.05-1.14) 0.002 1.18 (1.09-1.29) <0.001
Q3 1,402 24 1.24 (1.13-1.36) <0.001 1.31(1.19-1.44) <0.001
Q4 1,468 2.7 1.33 (1.20-1.48) <0.001 1.36 (1.21-1.51) <0.001
P for trend <0.001 <0.001

BMI (CV)
Q1 1,191 1.9 Ref Ref
Q2 1,284 2.1 1.05(0.97-1.14) 0.267 1.11(1.02-1.21) 0.015
Q3 1,488 24 1.15(1.05-1.26) 0.002 1.21(1.10-1.33) <0.001
Q4 1,506 2.7 1.24 (1.12-1.37) <0.001 1.27(1.14-1.41) <0.001
P for trend <0.001 <0.001

BMI (SD)
Q1 1,175 1.9 Ref Ref
Q2 1,287 2.1 1.07 (0.99-1.16) 0.096 1.13(1.03-1.22) 0.006
Q3 1,394 23 1.17 (1.07-1.28) 0.001 1.22 (1.11-1.34) <0.001
Q4 1,513 27 1.30 (1.17-1.44) <0.001 1.32 (1.18-1.47) <0.001
P for trend <0.001 <0.001

Model 1: unadjusted model; Model 2% Adjusted for age, sex, race, duration of diabetes, blood pressure (BP) vs. lipid treatment arm, systolic BP,
diastolic BP, low density lipoprotein, high density lipoprotein, glycosylated hemoglobin, antihypertensive, cardiovascular disease history, esti-
mated glomerular filtration rate, urinary albumin creatinine ratio, and baseline BMI (or WC).

WC, waist circumference; BMI, body mass index; HR, hazard ratio; CI, confidence interval; cVIM, corrected variability independent of mean;
ASYV, average successive variability; CV, coeflicient of variation; SD, standard deviation.

for the retinopathic outcome, the results were null for both
WC and BMI variability using cVIM and ASV as the measures
of variability (Table 4); but, when CV and SD were used as the
measures of variability, a significant association was observed
between BMI variability and retinopathic risk (Table 4).

Subgroup and sensitivity analysis

Supplementary Table 2 shows the HR (95% CI) for the sub-
group analysis of the links between each SD increase in WC
and BMI variability and various outcomes. For nephropathic
outcome, we found sex to significantly modify the relation be-
tween each 1SD increase in the WC and BMI and the risk of
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incident nephropathy (both Pisteraction=0.03). However, the link
between WC variability and diabetic nephropathy risk was
similar for both men and women (Supplementary Table 2). No
significant modifying effects were observed for the other fac-
tors.

Sensitivity analyses were conducted to check the robustness
of our results. Namely, results remained unchanged after ex-
cluding participants who had the respective microvascular
events within the first year of follow-up and excluding partici-
pants with any serious adverse event (attributed to study medi-
cation and not related to hypoglycemia) that occurred in the
first 18 months of follow-up for neuropathic and nephropathic
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Table 4. Quartiles of WC and BMI variability measures and risk of retinopathy

Variable Events Incidence rate/ Model 1 Model 2°
10 person-yr HR (95% CI) Pvalue HR (95% CI) Pvalue

WC (cVIM)
Ql 579 1.0 Ref Ref
Q2 645 1.1 1.07 (0.95-1.21) 0.286 1.05 (0.93-1.20) 0.395
Q3 680 L1 1.14 (0.98-1.32) 0.097 1.13 (0.97-1.32) 0.112
Q4 697 1.2 1.17 (0.97-1.42) 0.100 1.16 (0.95-1.41) 0.142
P for trend 0.068 0.031

WC (ASV)
Q1 627 1.1 Ref Ref
Q2 642 1.1 1.00 (0.88-1.13) 0.978 0.98 (0.87-1.11) 0.748
Q3 679 1.1 1.00 (0.86-1.16) 0.997 1.00 (0.86-1.17) 0.997
Q4 653 1.1 0.99 (0.82-1.20) 0.924 0.99 (0.81-1.20) 0.908
P for trend 0.808 0.371

WC(CV)
Ql 582 1.0 Ref Ref
Q2 647 1.1 1.07 (0.94-1.21) 0.305 1.05(0.93-1.19) 0.416
Q3 673 L1 1.12 (0.96-1.30) 0.148 1.12 (0.96-1.30) 0.155
Q4 699 1.2 1.18 (0.97-1.43) 0.097 1.16 (0.95-1.41) 0.140
P for trend 0.067 0.029

WC (SD)
Q1 589 1.0 Ref Ref
Q2 653 1.1 1.06 (0.94-1.20) 0.333 1.07 (0.95-1.22) 0.262
Q3 651 1.1 1.02 (0.88-1.19) 0.758 1.06 (0.91-1.23) 0.483
Q4 708 1.2 1.13 (0.94-1.37) 0.202 1.16 (0.95-1.41) 0.142
P for trend 0.185 0.036

BMI (cVIM)
Q1 567 1.0 Ref Ref
Q2 640 L1 1.13 (1.00-1.28) 0.050 1.13 (1.00-1.29) 0.049
Q3 699 1.2 1.25(1.08-1.46) 0.004 1.24 (1.06-1.45) 0.007
Q4 695 1.2 1.25(1.03-1.52) 0.024 1.20 (0.98-1.46) 0.072
P for trend 0.015 0.024

BMI (ASV)
Q1 598 1.0 Ref Ref
Q2 668 1.1 1.14 (1.01-1.29) 0.037 1.17 (1.03-1.32) 0.015
Q3 705 1.2 1.20 (1.03-1.40) 0.019 1.23 (1.05-1.43) 0.011
Q4 630 L1 1.06 (0.87-1.28) 0.584 1.09 (0.89-1.34) 0.385
P for trend 0.726 0.245

BMI (CV)
Ql 559 0.9 Ref Ref
Q2 649 L1 1.17 (1.03-1.33) 0.012 1.19 (1.05-1.35) 0.007
Q3 707 1.2 1.32(1.13-1.54) <0.001 1.32(1.13-1.54) <0.001
Q4 686 1.1 1.25(1.03-1.52) 0.025 1.23(1.01-1.51) 0.040
P for trend 0.023 0.015

(Continued to the next page)
776 Diabetes Metab ] 2022;46:767-780  https://e-dmj.org



Obesity variability and diabetic complications

dmj

Table 4. Continued

Variable Events Incidence rate/ Model 1 Model 2°
10 person-yr HR (95% CI) Pvalue HR (95% CI) Pvalue
BMI (SD)
Q1 554 0.9 Ref Ref
Q2 702 1.2 1.28 (1.13-1.45) <0.001 1.31 (1.16-1.49) 0.001
Q3 660 1.1 1.18 (1.01-1.37) 0.038 1.22 (1.04-1.42) 0.016
Q4 685 1.1 1.22 (1.01-1.49) 0.044 1.28 (1.04-1.56) 0.019
P for trend 0.073 0.007

Model 1: unadjusted model; Model 2*: Adjusted for age, sex, race, duration of diabetes, allocation to glycemia treatment arm, blood pressure
(BP) vs. lipid treatment arm, systolic BP, diastolic BP, low density lipoprotein, high density lipoprotein, glycosylated hemoglobin, insulin use,
and baseline BMI (or WC).

WC, waist circumference; BMI, body mass index; HR, hazard ratio; CI, confidence interval; cVIM, corrected variability independent of mean;

ASV, average successive variability; CV, coeflicient of variation; SD, standard deviation.

outcomes (Supplementary Tables 3 and 4). Meanwhile, for the
retinopathic outcome, all measures of variability to evaluate
the relationship with both WC and BMI became null in the
sensitivity analysis (Supplementary Table 5).

DISCUSSION

In this post hoc analysis involving participants with T2DM
who participated in the ACCORD trial, we found higher levels
of WC and BMI variability to be associated with neuropathy,
while only BMI variability was associated with nephropathy
risk. On the contrary, neither higher levels of WC nor BMI
variability were associated with retinopathy risk. This study
provides epidemiologic evidence regarding the associations
between variabilities in obesity measures with the risk of neu-
ropathy and nephropathy and the lack thereof in relation to
retinopathy risk in participants with T2DM.

Several previous studies have examined the relationship be-
tween the consequence of variabilities in obesity measures on
health outcomes in participants with or without diabetes but
the results are inconsistent. Some studies have found variability
in BMI to be associated with the development of diabetes [29],
increased risk of new-onset atrial fibrillation and myocardial
infarction [30], increased rate of hospitalization from heart
failure [31], whiles WC variability has also been found to be
associated with risk of stroke and all-cause mortality [28].
However, these studies did not assess the relationship between
obesity variability and diabetic microvascular complications.
One longitudinal study on T2DM patients did examine the re-
lationship between body weight variability and microvascular
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complications and found a positive association between body
weight variability and a composite outcome of neuropathy, ne-
phropathy, and retinopathy [17]. However, this study did not
delineate the relationship between the measure of obesity vari-
ability and each microvascular outcome separately. Another
5-year prospective study explored the relationship of longitu-
dinal BMI variability with retinal changes using a sample of
Chinese adults, and found a significant relationship between
rising BMI trend and retinal microvascular changes, but did
not find any significant relationship between BMI variability
and retinal vascular caliber [13], (a potential biomarker for the
development and progression of retinopathy) [32]. However,
this study was not on a sample with diabetes.

Using data from a large sample of participants with T2DM,
we show that WC and BMI variability may be detrimental to
participants with diabetes. Our study found an association be-
tween WC and BMI variability with neuropathy; and BMI
variability with nephropathy risk which is in line with the find-
ings of a recent study of a cohort of T2DM patients in which
the researchers found bodyweight variability to be associated
with diabetic microvascular complications albeit without de-
lineating the associations between body weight variability and
specific microvascular complications [17].

While weight reduction has been associated with better
health outcomes [12], weight variability has also been linked to
some morbidities and mortality [33]. The mechanism underly-
ing obesity variability and disease outcome is not completely
understood. However, it has been suggested that a subsequent
increase in weight after an initial decrease may be associated
with a more rapid adipose tissue growth and hyperplasia due
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to metabolic shifts which favor lipid storage [15]. Since adipose
tissue is a highly active metabolic endocrine organ [34], the
rapid remodelling of adipose tissue linked to high obesity vari-
ability may provoke abnormal production of proinflammatory
adipokines, which may potentially lead to adverse health out-
comes including diabetes and its associated complications
[15,17,28,29].

Our study did not find a significant association of WC vari-
ability with nephropathy and retinopathy risk. Even though no
previous studies specifically examined such a relationship, our
result was in agreement with some studies exploring the rela-
tionship between WC fluctuation and some health outcomes.
For example, in one longitudinal study in which researchers
explored the relationship between long-term variation in WC
and insulin resistance, they found a null association between
WC fluctuations and insulin resistance [35], while another
study also observed a null association between WC variability
and myocardial infarction [28]. Furthermore, our study did
not find any association between higher BMI variability levels
and retinopathy risk, which was in agreement with a longitudi-
nal study of adult Chinese subjects in which the researchers
found no association between BMI variability and retinal vas-
cular caliber [13]. However, it must be noted that these null as-
sociations in our study are contrary to the findings of the study
on a cohort of T2DM patients in which the researchers found
bodyweight variability to be associated with diabetic microvas-
cular complications [17]. The contradictory findings might be
because of the composite outcome of all microvascular com-
plications used in that study. Further studies may be necessary
to assess the association of obesity variability with diabetic mi-
crovascular complications separately.

Interestingly, the results of our subgroup analysis showed sex
to modify the relationship between WC or BMI variability
with the nephropathic outcome. Our results were similar to
another study which also found sex to modify the relation be-
tween body weight variability and myocardial infarction in a
population base study [28]. This suggests that sex may play a
role in the pathological relationship between obesity variability
and some health outcomes. Further studies may be needed to
elucidate the potential influence of sex on the relationship be-
tween obesity variability and health outcomes.

The strength of our study includes the relatively large sample
size and comprehensive clinical and biological characterization
of participants. There was also a special examination of micro-
vascular complications at baseline and subsequent visits, which

778

permitted the accurate assessment of the effect of obesity vari-
ability on microvascular complication risk. Another strength
was that the attrition of study participants was also low. This
study also has several limitations. First, the observational na-
ture of this study can only infer an association but not causa-
tion. Second, purposeful loss of weight may have a different ef-
fect on disease outcome; however, our study could not deter-
mine if weight variability was purposeful or not. Third, the
generalization of these findings to other populations may be
limited since all study participants were from northern Ameri-
ca and there may be variability in body composition across dif-
ferent populations. Finally, the events used to define the com-
posite outcome of each microvascular complication may differ
from other studies, hence the results of this study should be
applied cautiously in view of current definitions/diagnostic
criteria.

In conclusion, in this cohort of patients with T2DM, WC
and BMI variability were associated with a significant increase
in the risk of neuropathic events, whereas BMI variability was
associated with increased risk of nephropathic events. Individ-
uals with T2DM might need to be encouraged to maintain sta-
ble WC and BMI to prevent diabetic microvascular complica-
tions.
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