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Abstract

Background: Greater lipid variability may cause adverse health events
among diabetic patients. We aimed to examine the effect of lipid variability on
the risk of diabetic microvascular outcomes among type 2 diabetes mellitus
patients.

Methods: We assessed the association between visit-to-visit variability (mea-
sured by variability independent of mean) in high-density lipoprotein (HDL)
cholesterol, low-density lipoprotein-cholesterol (LDL), triglyceride, and rem-
nant cholesterol (RC) measurements among participants involved in the
Action to Control Cardiovascular Risk in Diabetes (ACCORD) study and the
risk of incident microvascular outcomes, including nephropathy, neuropathy,
and retinopathy. Cox proportional hazards models were used to estimate the
hazard ratios (HRs) and 95% confidence intervals (CIs), adjusted for potential
confounders.

Results: There were 2400, 2470, and 2468 cases of nephropathy, neuropathy,
and retinopathy during a follow-up period of 22 600, 21 542, and 26 701 person-
years, respectively. Higher levels of HDL, triglyceride, and RC variability were
associated with an increased risk of incident nephropathy and neuropathy.
Compared with the lowest quartile, the fully adjusted HRs (95% CI) for the
highest quartile of HDL, triglyceride, and RC variability for nephropathy risk
were 1.57 (1.22, 2.01), 1.50 (1.18, 1.92), and 1.40 (1.09, 1.80), respectively; and
for neuropathy, the corresponding risks were 1.36 (1.05, 1.75), 1.47 (1.14, 1.91),
and 1.35 (1.04, 1.74), respectively. Null association was observed between LDL
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1 | INTRODUCTION

Dyslipidemia is a common presentation in individuals
with type 2 diabetes mellitus (T2DM), even among those
with good glycemic control.' Indeed, individuals with
T2DM have been found to have abnormally high levels of
triglycerides, decreased high-density lipoproteins (HDL),
and modest or normal levels of low-density lipoproteins
(LDL)." In a cross-sectional study of T2DM patients, the
researchers found the prevalence of hypertriglyceridemia,
abnormal HDL levels (<40 mg/dL), and abnormal levels
of LDL (>130mg/dL) to be 61.9%, 54.3%, and 8.9%,
respectively,” similar to the findings of other studies.>*
These abnormal lipid levels have been implicated in the
development of several diabetes-related complications
including diabetic macrovascular and microvascular
disease.”™®

Meanwhile, higher variabilities in lipid variables have
also been found to be detrimental to health among
populations with or without diabetes.”'® For example, in
a study of approximately 1000 participants with clinical
presentation of coronary disease involved in the Treating
to New Target trial, greater variability in HDL, triglycer-
ide, and LDL was found to be associated with cardiovas-
cular events."! Also, a recent study of over 10 000 T2DM
patients showed that higher variability in HDL, LDL, and
total cholesterol appeared to increase the risk of all-cause
mortality whereas greater variability in HDL was associ-
ated with noncardiovascular deaths.!” However, few of
these studies were on the relationship between lipid vari-
ability and diabetic microvascular complications.”'*'®
Diabetic microvascular complications, which comprise
nephropathy, neuropathy, and retinopathy, together con-
tribute hugely to the burden of diabetic-related morbidity
and mortality.'"®'® Reports show that during a lifetime,
about 20%-40% of patients with T2DM would develop

variability and all microvascular complications. Additionally, all associations
of variability in the other lipids with retinopathy risk were null.

Conclusion: Among individuals with type 2 diabetes mellitus, HDL, triglycer-
ide, and RC variability were associated with increased risks of nephropathy
and neuropathy but not retinopathy. Trial registration: ClinicalTrials.gov.,

high-density lipoprotein, low-density lipoprotein, microvascular complications, remnant

Association of lipid variability with diabetic microvascular complications.

diabetic kidney disease,” up to 50% would eventually
develop diabetic neuropathy,”’ and 10% are likely to
develop diabetic retinopathy.**

With the paucity of studies on the association
between lipid variability and microvascular complication,
we conducted a post hoc analysis of the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) trial to
examine the relationship between intraindividual vari-
ability in HDL, LDL, triglyceride, and remnant choles-
terol (RC) with diabetic microvascular complication. The
ACCORD trial was a randomized, multicenter, double
2 x 2 factorial trial in 10 251 participants with T2DM.*
The current study gives a unique sample of participants
with T2DM, with comprehensive baseline measurements
and almost complete follow-up for diabetic microvascular
complications, including nephropathy, neuropathy, and
retinopathy.

2 | METHODS

2.1 | Study design and subjects

ACCORD was a randomized clinical trial of 10 251 par-
ticipants with type 2 diabetes who were followed to assess
the health effects of intensive glycemic, lipid, and blood
pressure (BP) control as against standard control.>**> The
design and main results of the ACCORD study have been
published previously.? In brief, the ACCORD trial had
three study arms: (1) glycemia trial (glycated hemoglobin
[HbAlc] <6.0% vs 7.0% < HbAlc <7.9%), (2) lipid trial
(fenofibrate vs placebo), and (3) BP trial (systolic BP
<120 mm Hg vs systolic BP <140 mm Hg), with all par-
ticipants involved in the glycemia trial.*® Recruitment
of participants into the study began in January 2001
through to October 2005 from 77 clinical sites across
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North America (ie, the United States and Canada). Partic-
ipants in the ACCORD study were followed up until June
2009.>” Ethical approval for the ACCORD study was
granted by institutional review boards of each clinical site
and written informed consent was obtained from all rec-
ruited participants (trial registration: ClinicalTrials.gov.,
no. NCT00000620).%®

This current study was a post hoc analysis of data
available for participants who did or did not participate
in the lipid trial arm of the ACCORD study. In order to
demonstrate the impact of lipid variability on microvascu-
lar complications in T2DM patients, participants with less
than three lipid measurements (n = 554) were excluded.
Then, for each microvascular outcome, individuals with
the prevalent microvascular outcome at baseline and those
who developed the outcome within the first year of the
study were excluded from the analysis of the specific
microvascular outcome; that is, for nephropathy outcome,
the exclusion would be 1029 participants with prevalent
macroalbuminuria, 33 with serum creatinine >3.3 mg/dL,
and 2930 who developed incident nephropathy in the first
year of the study (total exclusion = 3992); for neuropathy
outcome, the exclusion would be 2566 participants with
prevalent neuropathy and 1533 participants who devel-
oped incident neuropathy in the first year of the study

=== WILEY-

(total exclusion = 4099); and for retinopathy, the exclu-
sion would be 993 patients with retinopathy, 1191 patients
with missing record on baseline retinopathy variable, and
778 patients who developed incident retinopathy within
the first year of the study (total exclusion = 2962). The
analytic samples for nephropathy, neuropathy, and reti-
nopathy outcomes were 5705, 5598, and 6735, respectively
(Figure 1).

2.2 | Definition of lipid variability

During the ACCORD trial, a fasting plasma lipid profile
was measured at baseline, then at 4 months, 8 months,
12 months, and yearly thereafter. We calculated remnant
cholesterol as total cholesterol - LDL - HDL." Lipid vari-
ability was defined as the variation in HDL, LDL, triglyc-
eride, and RC values between visits. Three indices of
variability were used: (1) SD, (2) coefficient of variation
(CV), and (3) variability independent of the mean (VIM).
VIM was calculated as 100 x SD/mean”, where p is the
regression coefficient, 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.

10 251 participants included during
enrollment in the ACCORD Trial

v

554 participants with less than three

" measurements of lipid variables
excluded

9697 participants

l

1029 participants with
macroalbuminuria and 33 participants
with serum creatinine >3.3 mg/dL were
excluded

i

2930 participants who developed
nephropathy in the first year excluded

l

5705 participants selected for
nephropathy analysis

FIGURE 1
Risk in Diabetes

A

2566 participants with history of
neuropathy excluded

|

1533 participants who developed
neuropathy in the first year excluded

5598 participants selected for
neuropathy analysis

|

993 participants with history of
retinopathy; 1191 with missing data on
baseline retinopathy excluded

778 participants who developed
retinopathy in the first year of excluded

l

6735 participants selected for
retinopathy analysis

Inclusion and exclusion criteria of participants for lipid variability analysis. ACCORD, Action to Control Cardiovascular
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Because SD and CV are correlated with the mean level,
the corrected VIM (cVIM) was used as the primary vari-
ability measure in this study'? and CV and SD were used
as a sensitivity analysis.

2.3 | Study outcomes

The endpoints considered in our analysis were microvas-
cular events defined as neuropathy (a composite of
(1) new score of >2.0 on the Michigan Neuropathy
Screening Instrument, (2) new loss of vibratory sensation
[tested using 128 Hz tuning fork], (3) new loss of ankle
jerk during Jendrassik maneuver, or (4) new loss of light
touch [as measured by 10 g force monofilament test]);
nephropathy (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 estimated glomeru-
lar 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. Table S1 shows
the three predefined ACCORD microvascular end points
and their frequency of assessment.

2.4 | Statistical analysis

Participants’ characteristics were described using mean +
SD (SD) or median (25% and 75%) for continuous vari-
ables, depending on whether the data distribution was
normal (assessed by the Shapiro-Wilk test); categorical
variables were described by frequency and percentage.
The association between HDL, LDL, triglyceride, and RC
variability (as measured by cVIM) and the risk of out-
comes was evaluated by using the quartiles of HDL, LDL,
triglyceride, and RC variability.

Cox proportional hazards regression model was used
to estimate the hazard ratios (HRs) and 95% confidence
intervals (CIs), using HDL, LDL, triglyceride, and RC as
a time-dependent covariate. Two models were used for
each outcome. The basic model was adjusted for demo-
graphic factors and the full model was adjusted for
demographic variables, lipid profile variables (mean
values of HDL, LDL and triglyceride), and lipid medica-
tion use plus other covariates with p values <.05 in the

univariate analysis (Table 1). Specifically, model 1 was
adjusted for baseline age (continuous), sex (male or
female), and race (white or non-white). Model 2 for
nephropathy was adjusted for model 1 plus glycemia
treatment arm (intensive or standard), BP vs lipid arm
(standard BP, intensive BP, fibrate, and placebo), dura-
tion of diabetes, mean HbAlc, mean HDL, mean LDL,
mean triglyceride, mean systolic BP, baseline eGFR,
baseline body mass index (BMI), cardiovascular disease
(CVD) history (yes or no), insulin use (yes or no), anti-
hypertensives (yes or no), statin (yes or no), fibrate (yes
or no), and other lipid medications (yes or no). For neu-
ropathy, model 2 was adjusted for model 1 plus glyce-
mia allocation, duration of diabetes, mean HDL, mean
LDL, mean triglyceride, baseline BMI, cigarette smoking
(yes or no), insulin, statin, fibrate, and other lipid medi-
cations. Model 2 for retinopathy was adjusted for model
1 plus glycemia allocation, BP vs lipid arm, duration of
diabetes, mean values of HDL, LDL, triglyceride, and
systolic BP, baseline BMI, insulin, statin, fibrate, and
other lipid medications.

Other measures of variability, such as CV and SD,
were used for sensitivity analyses; we also excluded par-
ticipants who developed serious adverse events during
the first 18 months of the study to test the robustness of
the results. Furthermore, the effect of Hbalc and systolic
BP variability on the study outcomes was examined by
adjusting for Hbalc and systolic BP variability in all the
full models. All statistical analyses were two sided, and
we considered a p value of <.05 to be statistically signifi-
cant. All analyses were performed using Stata (version
14.2; StataCorp, College Station, Texas).

3 | RESULTS

Table 1 shows the distribution of participants’ characteris-
tics according to whether they developed nephropathy,
neuropathy, and retinopathy or not. Compared with par-
ticipants who did not develop nephropathy, those who
developed nephropathy were more likely to be men,
belonged to the standard glycemia treatment arm, have
a longer duration of diabetes, higher levels of BMI, HbAlc,
SBP, triglyceride, RC, eGFR, but had lower levels of HDL,
use antihypertensives, were less likely to have CVD, and
were less likely to use fibrate and insulin. Participants who
developed neuropathy were more likely to be older, of the
white race, belonged to the standard glycemia treatment
arm, had higher levels of triglyceride, RC, BMI, but had
lower levels of HDL, and were less likely to use insulin. In
addition, participants who developed retinopathy were
more likely to be older, belonged to the white race,
assigned to the standard treatment arm, had a longer
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(Continued)

TABLE 1

Retinopathy

Neuropathy

Nephropathy

Cases

No cases

(n

Cases

No cases

Cases
(n

No cases
(n

p value*

(n = 2468)

4267)

(n = 2470) value* =
31

3128)

(n=

value*

2400)

3305)

Characteristics

.85

.015

Antihypertensives

2105 (85.3)

3632 (85.1)

2072 (83.9)

2655 (84.9)

2072 (86.3)

2776 (84.0)

Yes

77

.54

.70

Statin

1611 (65.6)

2774 (65.3)

1552 (63.0)

1987 (63.8)

1531 (64.0)

2092 (63.5)

Yes

.95

.67

<.001

Fibrate

173 (7.0)

301 (7.1)

138 (5.6)

166 (5.3)

129 (5.4)

260 (7.9)

Yes

.013 .065

46

Other lipid medications

34 (1.4)

85 (2.0)

65 (2.6)

52 (1.7)

51(2.1)

80 (2.4)

Yes

Note: Data are shown as medians (interquartile range) for continuous variables and as frequencies and percentages for categorical variables.

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HbAlc, glycated hemoglobin; HDL, high density lipoprotein; LDL, low density lipoprotein;

RC, remnant cholesterol; SBP, systolic blood pressure; TC, total cholesterol.

*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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duration of diabetes, higher levels of HDL, SBP, but lower
levels of BMI, triglyceride, RC, eGFR, and were less likely
to be on insulin. (Table 1). ACCORD recorded 2400, 2470,
and 2468 cases of nephropathy, neuropathy, and retinopa-
thy for a follow-up period of 22600, 21 542, and 26 701
person-years, respectively (Table S2).

The rates of any nephropathy event generally
increased with increasing quartiles of mean HDL, LDL,
triglyceride, and RC as measured by cVIM (Figure S1).
Also, the rates of neuropathy events generally increased
with increasing quartiles of mean HDL, triglyceride, and
RC (Figure S2) but for retinopathy outcome, an increase
in rates was observed only for increasing quartiles of tri-
glyceride and RC variability (Figure S3).

After controlling for potential confounding factors,
higher levels of HDL, triglyceride, and RC variability
measured by cVIM were associated with increased
nephropathy risk. The HR and 95% CI for the highest
quartile of HDL, triglyceride, and RC variability in the
fully adjusted models were 1.57 (95% CI 1.22, 2.01), 1.50
(95% CI 1.16, 1.92), and 1.40 (95% CI 1.09, 1.80) for
nephropathy, respectively compared with each lowest
quartile (Table 2). However, the association of the highest
quartile of LDL variability with incident nephropathy was
not statistically significant (Table 2). When other variabil-
ity measures were used as the supplementary analysis,
higher variability in HDL, triglyceride, and RC measured
by CV and SD was associated with an increased risk of
nephropathy (Table S3). Also, the association of LDL vari-
ability as measured by CV and SD with incident nephropa-
thy remained statistically insignificant (Table S3). The
results also remained unchanged after excluding partici-
pants who developed serious adverse effects in the first 18
month of the study (Table S4).

Similarly, higher variability in HDL, triglycerides,
and RC was positively associated with an increased risk
of neuropathy in the full models. Compared with the
lowest quartile, the fully adjusted HRs (95% CIs) for the
highest quartile of HDL, triglyceride, and RC variability
were 1.36 (95% CI 1.05, 1.75), 1.47 (95% CI 1.14, 1.91),
and 1.35 (95% CI 1.04, 1.74) for any neuropathy event
(Table 3). However, the association between the highest
quartiles of LDL variability and neuropathy was consis-
tently null (Table 3).

A similar trend was also observed when CV was used
in the supplementary analysis. CV of HDL, triglyceride,
and RC was associated with an increased risk of neuropa-
thy, but when SD was used, only the SD of triglyceride
and RC was associated with an increased risk of neuropa-
thy (Table S5). The results remained the same as the
main analysis using cVIM after excluding participants
who developed serious adverse effects in the first 18
months of the study (Table S6).
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TABLE 2 Quartiles of lipid variability (cVIM) measures and risk of nephropathy
Variables and categories Events Incidence rate/100 person-year HR [95% CI] pvalue HR [95% CI] p value
HDL cholesterol Model 1 Model 2
Q1 534 9.5 REF. REF.
Q2 604 10.6 1.17[1.02,1.35]  .022 1.22[1.06, 1.40]  .005
Q3 598 10.5 1.21 [1.00, 1.46]  .046 1.26 [1.04,1.53]  .016
Q4 664 11.9 1.44[1.13,1.85] .004 1.57[1.22,2.01] <.001
LDL cholesterol Model 1 Model 2
Q1 537 9.6 REF. REF.
Q2 613 11.1 1.17 [1.02, 1.34]  .027 1.13[0.98,1.29] .092
Q3 638 11.1 1.19[0.99, 1.44]  .065 1.19[0.98,1.43] .077
Q4 612 10.6 1.16 [0.90, 1.50]  .247 1.17 [0.91, 1.52] .216
Triglyceride Model 1 Model 2
Q1 553 9.9 REF. REF.
Q2 591 10.3 1.14 [1.00, 1.31]  .058 1.12[0.97,1.29] .116
Q3 633 11.1 1.37[1.13,1.65] .001 1.32[1.09, 1.60]  .004
Q4 623 11.1 1.52[1.19,1.95]  .001 1.50 [1.16, 1.92]  .002
Remnant cholesterol Model 1 Model 2
Q1 556 10.0 REF. REF.
Q2 577 10.0 1.07[0.93,1.23]  .325 1.08[0.94,1.24] 278
Q3 649 11.4 1.34[1.11,1.62] .002 1.32[1.09, 1.59]  .005
Q4 618 11.0 1.41[1.09, 1.81]  .008 1.40[1.09, 1.80]  .009

Note: Model 1: Adjusted for age, sex and race.

Note: Model 2: Adjusted for age, sex, race, allocation to glycemia treatment arm, BP vs lipid treatment arm, duration of diabetes, mean HbAlc, mean LDL,
mean HDL, mean triglyceride, mean systolic BP, baseline eGFR, baseline BMI, cardiovascular disease history, antihypertensive use, insulin, statin, fibrate, and

other lipid medication.

Abbreviations: BMI, body mass index; BP, blood pressure; CI, confidence interval; cVIM, corrected variability independent of mean; eGFR, estimated
glomerular filtration rate; HbAlc, glycated hemoglobin; HDL, high-density lipoprotein; HR, hazard ratio; LDL, low-density lipoprotein.

For retinopathy, higher variability in triglyceride and
RC were significantly associated with an increased risk of
retinopathy in the basic model (adjusted for age, sex, and
race). However, these statistically significant associations
were lost in the fully adjusted models (Table 4). A similar
trend was confirmed in the sensitivity analysis when CV
or SD was used as the variability measure (Table S7).
Results remained materially the same after excluding
participants with any serious adverse event that occurred
in the first 18 months of follow-up (Table S8).

Also, the results remained materially the same for
all the study outcomes after further adjusting for vari-
ability in HbAlc and systolic BP in the full models
(Table S9).

4 | DISCUSSION

In this post hoc study of individuals with T2DM who
took part in the ACCORD trial, we found higher levels of

HDL, triglyceride, and RC variability to be associated
with an increased risk of nephropathy and neuropathy,
whereas a nonsignificant association was observed
between all lipid variability measures and retinopathy
after adjusting for potential confounding factors. This
study provides epidemiologic evidence regarding the
associations between visit-to-visit variabilities in lipid
measures and the risk of diabetic nephropathy and neu-
ropathy, which can be useful in delineating microvascu-
lar risk in individuals with T2DM.

Greater visit-to-visit fluctuation in lipid profiles has
been reported to negatively affect renal function in indi-
viduals with or without T2DM.'®* In a study of 457 indi-
viduals with T2DM who were followed up for about 6.8
years, the researchers found triglyceride variability
(defined by SD) to be significantly associated with inci-
dent microalbuminuria.” Also, Chang et al found HDL
variability to be associated with an increased risk of
nephropathy progression in a sample of 864 T2DM
patients who were followed up for a mean of 3.8 years,'®
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TABLE 3 Quartiles of lipid variability (cVIM) measures and risk of neuropathy
Variables and categories Events Incidence rate/100 person-year HR [95% CI] pvalue HR [95% CI] p value
HDL cholesterol Model 1 Model 2
Q1 572 10.8 REF. REF.
Q2 625 11.6 1.16[1.01,1.32] .036 1.18[1.03,1.36] .017
Q3 634 11.7 1.23[1.02,1.49] .030 1.26 [1.04,1.52]  .018
Q4 639 11.7 1.32[1.02,1.70]  .032 1.36 [1.05,1.75]  .020
LDL cholesterol Model 1 Model 2
Q1 590 11.1 REF. REF.
Q2 632 11.9 1.14 [1.00, 1.31]  .053 1.13[0.99, 1.30] .079
Q3 632 11.6 1.19[0.99, 1.44]  .069 1.16 [0.96, 1.41]  .122
Q4 616 11.2 1.22[0.94,1.57] .132 1.16 [0.90, 1.51]  .253
Triglyceride Model 1 Model 2
Q1 559 10.3 REF. REF.
Q2 649 124 1.33[1.16,1.53] <.001 1.34[1.16,1.53] <.001
Q3 638 11.7 1.34[1.11, 1.63]  .003 1.36 [1.12, 1.65]  .002
Q4 624 11.5 1.46[1.13,1.89] .004 147[1.14,1.91] .003
Remnant cholesterol Model 1 Model 2
Q1 551 10.2 REF. REF.
Q2 663 12.7 1.32[1.15,1.51] <.001 1.31[1.14,1.50] <.001
Q3 620 11.3 1.21 [1.00, 1.47]  .050 1.23[1.01,1.49]  .039
Q4 636 11.7 1.33[1.02,1.72] .032 1.35[1.04,1.74] .024

Note: Model 1: Adjusted for age, sex and race.

Note: Model 2: Adjusted for age, sex, race, allocation to glycemia treatment arm, duration of diabetes, mean LDL, mean HDL, mean triglyceride, baseline BMI,

cigarette smoking, insulin, statin, fibrate, and other lipid medications.

Abbreviations: BMI, body mass index; CI, confidence interval; cVIM, corrected variability independent of mean; HDL, high-density lipoprotein; HR, hazard

ratio; LDL, low-density lipoprotein.

similar to the findings assessing the association of lipid
variability with a decrease in GFR among over 7000 dia-
betic patients.30 However, these studies were on a rela-
tively small sample size”'® or limited by lack of a
centralized laboratory assessment.’® Using data from a
large sample of participants with T2DM (n = 6735) in
a randomized, multicenter, double 2 x 2 factorial trial,
we confirmed that HDL and triglyceride variability may
be associated with renal function decline.”'®***° Our
study also found higher variability of RC to be associated
with nephropathy risk. Studies on RC variability and risk
of nephropathy are limited. A study of patients with type
1 diabetes mellitus (T1DM) did not find an association
between RC variability and progression of renal function
decline in their full model, although a statistically signifi-
cant relationship was found between RC concentration
and nephropathy progression.'® Differences in lipid pro-
files between T1DM and T2DM may account for the con-
flicting results of RC variability and nephropathy in our
study and others. For instance, whereas patients with
T2DM may have decreased HDL, T1DM patients are

more likely to have normal or even high levels of HDL
unless under inadequate glycemic control.>!

Contrary to the results of some studies reporting a
positive link between LDL variability and renal function
decline among individuals with T2DM,'**° our study did
not find LDL variability to be associated with incident
nephropathy. The reason for this unexpected null associ-
ation is unknown, but we could speculate that because
some participants received lipid treatment with the aim
of maintaining good control of LDL levels, the potentially
harmful effect of high variability in LDL may have been
mitigated. Of note is that a study using a large sample of
Korean participants with T2DM (n = 13800) and
nondiabetic controls (n = 185 898) observed a nonsignifi-
cant association between higher variability of LDL (mea-
sured by average real variability) and CVD.** Similarly,
in a recent 5-year follow-up study of 4475 nondiabetic
Chinese participants, the researchers found a nonsignifi-
cant association between LDL variability and incident
T2DM.** Further studies may be necessary to clarify the
discordant results of the relationship of LDL variability
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TABLE 4

Incidence rate/100

Variables & categories Events person-year
HDL cholesterol
Q1 667 9.1
Q2 697 9.3
Q3 713 9.4
Q4 736 9.7
LDL cholesterol
Q1 677 9.1
Q2 710 9.6
Q3 695 9.0
Q4 731 9.5
Triglyceride
Q1 659 8.9
Q2 707 9.4
Q3 745 9.9
Q4 702 9.2
Remnant cholesterol
Q1 650 8.8
Q2 706 9.4
Q3 745 9.8
Q4 712 9.4

Note: Model 1: Adjusted for age, sex, and race.

Quartiles of lipid variability (cVIM) measures and risk of retinopathy

HR [95% CI] p value HR [95% CI] p value
Model 1 Model 2

REF. REF.

1.09 [0.95, 1.25] 207 1.11 [0.97, 1.27] 129
1.12[0.93, 1.35] 237 1.14 [0.95, 1.38] 171
1.22 [0.96, 1.56] 110 1.23[0.96, 1.58] .099
Model 1 Model 2

REF. REF.

1.04 [0.91, 1.19] .546 1.05 [0.92, 1.21] 450
1.00 [0.83, 1.20] 981 1.02 [0.85, 1.23] .833
1.00 [0.78, 1.28] 978 1.02 [0.79, 1.30] 887
Model 1 Model 2

REF. REF.

1.07 [0.94, 1.23] .300 1.07 [0.93, 1.22] .356
1.18 [0.98, 1.42] 076 1.16 [0.96, 1.40] 113
1.18 [0.92, 1.51] .203 1.18 [0.92, 1.52] .199
Model 1 Model 2

REF. REF.

1.07 [0.93, 1.22] .348 1.07 [0.93, 1.23] 323
1.22 [1.01, 1.47] .037 1.20 [0.99, 1.44] 059
1.20 [0.93, 1.54] 158 1.21 [0.94, 1.56] 137

Note: Model 2: Adjusted for age, sex, race, allocation to glycemia treatment arm, BP vs lipid treatment arm, duration of diabetes, mean LDL, mean HDL, mean
triglyceride, mean systolic BP, baseline BMI, insulin, statin, fibrate and other lipid medications.
Abbreviations: BMI, body mass index; CI, confidence interval; cVIM, corrected variability independent of mean; HDL, high-density lipoprotein; HR, hazard

ratio; LDL, low-density lipoprotein.

with adverse health outcomes, including renal function
decline. Overall, our study adds to the evidence that high
HDL, triglyceride, and RC variability may be associated
with an increased risk of nephropathy.

The exact mechanism underlining the pathological
link between increased variability in HDL, triglyceride,
and RC and some specific microvascular is not clear. How-
ever, it has been suggested that abnormal lipid levels may
directly affect renal function by triggering harmful renal
lipid disturbance and indirectly through a general inflam-
matory process or oxidative stress, vascular injuries, and
alterations in signaling molecules for normal renal func-
tion.** For example, hypertriglyceridemia, which is a key
manifestation of dyslipidemia among patients with T2DM,
has been shown to trigger the secretion of inflammatory
mediators and have a proapoptotic effect on the endothe-
lium of the kidney in vitro and vivo.>*

Our results showed a significant association between
greater HDL, triglyceride, and RC variability and neurop-
athy risk, whereas LDL variability did not. There seems

to be a lack of data on the relationship between lipid pro-
file variability and peripheral neuropathy; however, some
studies have found a significant association between gly-
cemic variability and neuropathy.*®*” That notwithstand-
ing, dyslipidemia has been identified to be a risk factor
for peripheral and autonomic neuropathy.®®*' In a
13-year follow-up longitudinal study of 1533 diabetic
patients, the authors found lower levels of HDL and LDL
to be significantly associated with a higher risk of poly-
neuropathy.*”> Because abnormal levels of lipid profile
may be indicative of instability in lipid control (dys-
lipidemia), a similar deleterious effect may be influenced
by increased lipid variability on sensory cells in individ-
uals with diabetes. Although the pathophysiological
mechanism underlying the link between dyslipidemia
and neuropathy is not yet clear, studies on animal models
suggest that impaired lipid metabolism in the presence of
dyslipidemia may impair normal mitochondrial processes
in dorsal root ganglia and affect mitochondrial size of
neurons.** Furthermore, demyelination as a result of
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dyslipidemia has also been suggested as another plausible
mechanism for lipid-induced injury of neurons, which
may contribute to the development of neuropathy.*®

Meanwhile, our analysis for the relationship between
all variability measures of lipid profile with retinopathy
was null. Not many studies have explored the relationship
between lipid variability and retinopathy among individ-
uals with T2DM to corroborate our results. However, our
results agree with one study that also found variability of
RC not to be related to retinopathy among 5150 T1DM
patients.'® The reason for the null association between all
lipid profile variability and retinopathy is not clear, but it
could be due to the duration required for lipid variability
to cause recognizable pathological changes in the eye. On
the whole, the incidence of retinopathy was lower at the
close of the study compared to the incidence of nephropa-
thy and neuropathy, suggesting that the rate of developing
retinopathy was slower among our study population.
Hence, potential risk factors such as dyslipidemia and for
that matter, lipid variability linked to the pathogenesis of
nephropathy and neuropathy may probably take a longer
duration to cause recognizable pathological changes in
the retina. Further epidemiological studies may be
required to verify these results.

The strength of our study includes the use of a rela-
tively large number of subjects from the ACCORD trial,
which had a formalized follow-up lipid measurement
schedule. The use of three variability measures adds to
the robustness of the study. There was also a special
examination of microvascular complications at baseline
and subsequent visits, which permitted the accurate
assessment of the effect of lipid variability on microvas-
cular complication risk. However, some limitations also
need to be considered: (1) the lipid treatment patients
received during the trial may affect lipid variability—
however, to address this limitation, we additionally
adjusted for various lipid treatments in our full model;
(2) because participants in the ACCORD study may
have more advanced diabetes with associated com-
orbidities, an extension of findings to healthier and
younger T2DM patients should be done cautiously; and
(3) the observational nature of this study can only imply
an association but not causation, other residual or
unrecorded confounding factors may have contributed
to the observed results.

In conclusion, long-term greater variability in HDL,
triglyceride, and RC were associated with the risk of inci-
dent nephropathy and neuropathy but not retinopathy
among individuals with T2DM. Healthcare providers
may target lower variability in lipid (HDL, triglyceride,
and RC) in patients with T2DM in order to reduce the
risk of microvascular complications.
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