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The non-linear link between remnant ot

cholesterol and diabetic retinopathy:
a cross-sectional study in patients with type 2
diabetic mellitus

Wushan Pan'", Yong Han??", Haofei Hu**" and Yongcheng He®

Abstract

Objective: Research on residual cholesterol (RC) and diabetic retinopathy (DR) remains limited. As a result, the cur-
rent study was designed to investigate the relationship between RC and DR in patients with type 2 diabetic mellitus
(T2DM).

Methods: This cross-sectional study consecutively and non-selectively collected a total of 1964 type 2 diabetic melli-
tus patients in two hospitals in Taiwan from April 2002 to November 2004. A binary logistic regression model was then
used to assess the independent relationship between RC level and DR and proliferative diabetic retinopathy (PDR). A
generalized additive model (GAM) and smooth curve fitting were used to investigate the actual shape of the curve
between them. It was stated that the data had been uploaded to the website:https://journals.plos.org/plosone.

Results: The average age of the participants was 64.10+/— 11.32years old, with 42.92% being male. The prevalence
of DR and PDR was 35.13 and 18.13%, respectively. The mean RC level was 30.57 & 14.60 mg/dL. We found no signifi-
cant association between RC and DR (OR=1.001; 95% Cl 0.991, 1.011) or PDR (OR=1.008; 95% C| 0.995, 1.021) based
on a fully adjusted logistic regression model. Results remained robust across a series of sensitivity analyses. However, a
non-linear relationship was detected between RC and DR. Using a two-piece logistic regression model and a recur-
sive algorithm, we found an inflection point of RC was 13.0mg/dL. A 1-unit increase in the RC level was associated
with 19.4% greater adjusted odds of DR (OR=1.194; 95% Cl 1.070, 1.333) when RC < 13.0mg/dL. There was also a
non-linear relationship between RC and PDR, and the inflection point of the RC was 39.0 mg/dL. When RC<39.0mg/
dL, a T-unit increase in the RC level was associated with 2.1% greater adjusted odds of PDR (OR=1.021; 95% Cl 1.004,
1.038).

Conclusion: This study demonstrates a non-linear relationship between RC and DR or PDR in type 2 diabetic mellitus
patients. Our findings provide new insights into advancing research on the link between RC and DR or PDR.
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Background

The metabolic syndrome has been linked to retinopathy
and diabetic retinopathy (DR) potentiation [1]. Lipids
are risk factors for macrovascular disease. According
to some recent studies, conventional serum lipid levels
such as total cholesterol (TC), triglyceride (TG), low-
density lipoprotein cholesterol (LDL-c), and high-density
lipoprotein cholesterol (HDL-c) were not significantly
associated with DR [2, 3]. Remnant cholesterol (RC)
is the cholesterol content of triglyceride-rich lipopro-
teins, which are very-low-density lipoprotein (VLDL)
and intermediate-density lipoprotein (IDL) in the fasting
state and the non-fasting state chylomicron remnants [4].
Previous research has shown that RC is the primary fac-
tor mediating the residual risk of cardiovascular events,
and that it is also independently associated with athero-
sclerosis [5—7]. Researchers have begun investigating the
link between RC and diabetic retinopathy in recent years.
A Chinese cross-sectional study including 456 patients
showed that a high RC level is associated with DR in type
2 diabetes mellitus (T2DM) [2]. Another study found that
RC could predict diabetic nephropathy and retinopathy
progression in type 1 diabetes [8]. However, research on
the relationship between RC and DR in type 2 diabetes
patients is still limited. No studies have simultaneously
explored RC’s association with DR and proliferative
diabetic retinopathy (PDR) in T2DM patients. In addi-
tion, the existence of a linear or non-linear relationship
between RC and DR still needs to be further explored.
Therefore, we conducted a cross-sectional study inves-
tigating the relationship between RC and diabetic retin-
opathy in T2DM patients.

Methods

Study design

This study used a cross-sectional design. The target-
independent variable was RC. The dependent variable
was diabetic retinopathy (dichotomous variable: 1=DR,
0=non-DR) and proliferative diabetic retinopathy
(dichotomous variable: 1 =PDR, 0=NPDR).

Data source

We downloaded the raw data freely from (https://journ
als.plos.org/plosone), provided by Chen et al.. From:
Abnormally Low or High Ankle-Brachial Index Is Asso-
ciated with Proliferative Diabetic Retinopathy in Type 2
Diabetic Mellitus Patients. https://doi.org/10.1371/journ
al.pone.0134718. This is an open-access article published

in accordance with the Creative Commons Attribution
License, which enables unlimited use, distribution, and
reproduction in any form, as long as the original author
and source are acknowledged [9]. Here, we would like to
thank the authors for providing the data.

Study population

All patients with T2DM who visited the diabetic clinic
in the Internal Medicine outpatient departments of two
hospitals in southern Taiwan between April 2002 and
November 2004 were included in the study. The origi-
nal researchers gathered the consecutive cases in a non-
selective manner. To ensure participants’ privacy, the
original researchers encoded their identity information
with non-traceable codes. The data came from the hospi-
tal’s electronic medical record system, including physical
medical, medication, laboratory, and imaging data. This
research was conducted under the approval of the institu-
tional review board of the Kaohsiung Medical University
Hospital (No. KMUHIRB-E-20150029). All participants
have given informed consent to take part in the study. All
methods were performed in accordance with the relevant
guidelines and regulations by including a statement in the
Declarations section [9].

Individuals were excluded from the original study if
they met any of the following criteria [9]: (1) patients
with type 1 DM; (2) patients with estimated glomerular
filtration rate (éGFR) < 15ml/min/1.73m? or under dialy-
sis; (3) patients who received a kidney transplant. Finally,
2001 patients were involved in the original research. Our
research further excluded participants with missing val-
ues of RC. To reduce interference, we excluded outliers
in RC, which were not included in the range of the means
=+ three standard deviations (SD) [10]. The final analysis
included 1964 subjects (843 men and 1121 women) in the
present study (see the flowchart for details in Fig. 1).

Variables

Remnant cholesterol

The information on RC was recorded as a continu-
ous variable. The detailed process of measuring RC was
described as follows: RC was calculated as non-high-den-
sity lipoprotein cholesterol (non-HDL-c) — LDL-c [11],
where non-HDL-c=TC — HDL-c [12].

Diabetic Retinopathy
Our interesting dependent variable was diabetic retin-
opathy (dichotomous variable: 1=DR, 0=non-DR) and
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According to the data source article:

between April 2002 and November 2004

Type 2 DM who visited the diabetic clinic in the Internal Medicine

out-patient departments of two hospitals in southern Taiwan

\4

Excluded:

(1) Type 1 DM

(2) Continuous requirement of insulin in the year
succeeding diagnosis

(3) Under dialysis or with eGFR less than 15
ml/min/1.73m?

(4) Received renal transplantation

v

2001 eligible patients were included in the original study study

According to our study:

13 Were excluded due to the missed data of RC

A4

v

24 Were excluded due to the RC outliers

1964 participants eventually entered the study

Fig. 1 Flowchart of study participants. Figure 1 showed the inclusion of patients. 2001 patients were assessed for eligibility in the original study. We
excluded patients with missing values of RC (n=13) and RC (n =24) outliers. The final analysis included 1964 subjects in the present study

proliferative diabetic retinopathy (dichotomous variable:
1=PDR, 0=non-PDR). DR was assessed by experienced
ophthalmologists while the patient’s pupils were dilated.
Fluorescein angiography was performed if necessary. DR
was classified as non-DR, NPDR, and PDR stages [13].

Covariates

The covariates involved in this study were selected based
on the original study, our clinical experience, and other
studies on risk factors for DR. Based on the above prin-
ciples; thus, the following variables were used as covari-
ates: (1) continuous variables: body mass index (BMI),

age, diastolic blood pressure (DBP), eGFR, fasting plasma
glucose (FPG), systolic blood pressure (SBP), hemo-
globin Alc (HbAlc), and TG; (2) categorical variables:
sex, history of coronary artery disease and cerebrovas-
cular disease, angiotensin-converting enzyme inhibitor
(ACEI) and/or angiotensin II receptor blocker (ARB)
use, B-blocker use, diuretic use, calcium channel blocker
(CCB) use, and microalbuminuria.

The BMI was calculated as the ratio of weight divided
by the square of height. An autoanalyzer measured
laboratory data from fasting blood samples [14]. eGFR
was calculated using the 4-variable equation in the
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Modification of Diet in Renal Disease (MDRD) study
[15]. Urine albumin and creatinine were measured on a
spot urine sample. Microalbuminuria was defined as the
ratio of urine albumin to creatinine of >30mg/gm [9].

Statistical analysis
We stratified the participants by quartiles of the RC
level. Characteristics of patients were expressed as mean
(standard deviation) (normal distribution) or median
(range) (non-normal distribution) for continuous vari-
ables, and as percentages for categorical variables. We
used the One-Way ANOVA test (normal distribution), x2
(categorical variables), or Kruskal-Whallis H test (skewed
distribution) to test for differences among different RC
groups.

To explore the link between RC and DR or PDR,
we constructed three distinct models using a logis-
tic regression model, including a non-adjusted model

Table 1 The baseline characteristics of participants
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(Crude model: no covariates were adjusted), minimally-
adjusted model (Model I: only sociodemographic vari-
ables and treatment situation were adjusted, including
age, SBP, sex, DBP, BM], history of coronary artery dis-
ease and cerebrovascular disease, B-blocker use, ACEI
and/or ARB use, diuretic use, and CCB use) and fully-
adjusted model (covariates presented in Table 1 were
adjusted, including age, SBP, sex, DBP, BMI, history of
coronary artery disease and cerebrovascular disease,
B-blocker use, ACEI and/or ARB use, diuretic use, CCB
use, FPG, HbAlc, eGFR, TG, and microalbuminuria).
Effect sizes (OR) with 95% confidence intervals (CI)
were recorded. We adjusted them when the covariances
were added to the model and the OR changed by 10%
or greater [16].

Since methods based on binary logistic regression
models were often suspected of being unable to handle
non-linear models, therefore, non-linearity between RC

RC Quartile Q1(<20.0) Q2(20.0-29.0) Q3(29.0-38.0) Q4(>38.0) P-value
Participants 438 533 485 508
Age (year) 63.5+122 645+11.0 645+11.6 63.9+106 0487
BMI (kg/mz) 247432 259437 260437 265433 <0.001
SBP (mmHg) 133.8+£193 13324173 13544188 1370£195 0.005
DBP (mmHg) 76.6+10.8 76.6+10.7 7814+11.0 7974123 <0.001
PP (mmHg) 5724159 56.74+150 5744152 5734151 0.861
HbA1c(%) 74+£15 75+16 76+£16 80+£17 <0.001
FPG (mg/dL) 139.4+£494 1440£51.9 146.7 £44.6 161.1£543 <0.001
TC (mg/dL) 16294281 17484282 186.2£286 211.2+£377 <0.001
TG (mg/dL) 86.4+30.0 113.9436.7 145.1£483 2335+£1125 <0.001
LDL-c (mg/dL) 9394247 100.7 £24.6 105.0£24.1 116.2+£31.1 <0.001
HDL-c (mg/dL) 54.8+14.0 503+£128 48.7+123 4524115 <0.001
non-HDL (mg/dL) 108.0+£25.2 124.6+£24.8 137.6£245 166.0£33.2 <0.001
RC (mg/dL) 142439 239425 326+25 498+120 <0.001
Scr (mg/dL) 1.0+03 1.1+£03 1.1+£04 1.1+£04 0.074
eGFR (mL/min/1.73m?) 71.1+186 68.7+£189 682+203 67.0+£206 0.016
Gender 0.169

Female 234 (53.4%) 302 (56.7%) 277 (57.1%) 308 (60.6%)

Male 204 (46.6%) 231 (43.3%) 208 (42.9%) 200 (39.4%)
Microalbuminuria (%) 115 (26.3%) 165 (31.0%) 161 (33.2%) 242 (47.6%) <0.001
Coronary artery disease (%) 73 (16.7%) 84 (15 76 (15.7%) 95 (18.7%) 0.538
Cerebrovascular disease (%) 3 (3.0%) 30 (5.6%) 18 (3.7%) 35 (6.9%) 0.019
B-blocker use (%) 74 (16.9%) 123 (23.1%) 124 (25.6%) 137 (27.0%) 0.002
ACEl and/or ARB use (%) 299 (68.3%) 394 (73.9%) 364 (75.1%) 389 (76.6%) 0.026
Diuretic use (%) 173 (39.5%) 246 (46.2%) 234 (48 2%) 251 (49.4%) 0.013
Calcium channel blocker use (%) 136 (31.1%) 192 (36.0%) 1(43.5%) 230 (45.3%) <0.001

Values are n (%) or mean + SD

Abbreviations: HbATc Hemoglobin A1lc, eGFR Estimated glomerular filtration rate, BMI Body mass index, Scr Serum creatinine, FPG Fasting plasma glucose, HDL-c
High-density lipoprotein cholesterol, LDL-c Low-density lipoprotein cholesterol, TC Total cholesterol, TG Triglyceride, SBP Systolic blood pressure, DBP Diastolic
blood pressure, PP Pulse pressure, non-HDL Non-high-density lipoprotein cholesterol, RC Remnant cholesterol, ACE/ Angiotensin-converting enzyme inhibitor, ARB

Angiotensin Il receptor blocker
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and diabetic retinopathy was addressed using the Gen-
eralized additive model and the smooth curve fitting
(penalized spline method). If a non-linearity was found,
we first calculated the inflection point using a recursive
algorithm. We then built a two-piece logistic regression
model on either side of the inflection point. The best-fit-
ting model was determined based on the p-value of the
log of the likelihood ratio [17].

The number of participants with missing data of
HbAlc, FPG, Scr, eGFR, p-blocker use, ACEI and/
or ARB use, diuretic use, and CCB use was 4(0.20%),
2(0.10%), 4(0.20%), 4(0.20%), 7(0.36%), 7(0.36%),7(0.36%),
and 7(0.36%), respectively. Multiple imputations were
used to handle the missing data of covariants [18]. The
imputation model included age, SBP, BMI, DBP, sex, cor-
onary artery disease, cerebrovascular disease, 3-blocker
use, ACEI and/or ARB use, diuretic use, CCB use, FPG,
HbAlc, Scr, eGFR, TG, and microalbuminuria. Missing
data analysis procedures use missing-at-random (MAR)
assumptions [19].

To test the robustness of our results, we performed a
series of sensitivity analyses. According to the quartile,
we converted RC into a categorical variable. We calcu-
lated the P for the trend to verify the results for RC as
the continuous variable and to examine the possibil-
ity of non-linearity. Besides, due to the limitation of the
generalized linear model in addressing non-linearity,
we performed a GAM model to adjust for covariates in
model III [17]. Additionally, we explored the potential for
unmeasured confounding between RC and the risk of DR
by calculating E-values [20].

All the analyses were performed with the statistical
software packages R (http://www.R-project.org, The R
Foundation) and EmpowerStats (http://www. empow-
erstats.com, X&Y Solutions, Inc., Boston, MA). P values
less than 0.05 (two-sided) were considered statistically
significant.

Results

Characteristics of participants

Table 1 provided the demographic and clinical character-
istics of participants included in the study. The final anal-
ysis included 1964 participants, 42.92% of whom were
male and had a mean age of 64.10 11.32 years. The preva-
lence of DR and PDR was 35.13 and 18.13%, respectively.
And the mean RC was 30.57 +14.60 mg/dL. No statisti-
cal difference was found in the characteristics in terms of
age, pulse pressure (PP), Scr, and coronary artery disease
in different groups of RC (quartile) (all P values >0.05).
When we set the Q1 (RC<20.0mg/dL) group as a refer-
ence, the higher value or proportion of SBP, BMI, DBP,
FPG, LDL-c, HbAlc, TC, TG, non-HDL, RC, males,
microalbuminuria, cerebrovascular disease, B-blocker
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Fig. 2 Distribution of RC. Figure 2. It presented a normal distribution
of RCin the range from 1 to 93 mg/dL, with a mean of 30.57 mg/dL

use, ACEI and/or ARB use, diuretic use, and CCB use
were observed were detected in the Q4 (RC>38.0mg/
dL) group, while the lower level of eGFR and HDL-c were
observed in the Q4 group.

Figure 2 showed the distribution of RC levels. It pre-
sented a normal distribution from 1.0 to 93.0 mg/dL, with
a mean value of 30.57 mg/dL. Patients were divided into
three groups based on their diabetic retinopathy status
(non-DR, nonPDR, and PDR) (Table S1). The RC levels
in the three groups were shown in Fig. S1. The results
showed that there were no statistically significant differ-
ences in the distribution levels of RC in the three groups
(P=0.6665).

The prevalence rate of DR and PDR

Table S2 revealed that a total of 690 participants had DR.
The total prevalence rate of all participants was 35.13%
(33.02-37.25%). Specifically, the prevalence rates of the
four RC groups were 30.37% (26.04-34.69%), 38.27%
(34.13-42.41%), 36.49% (32.20-40.79%), and 34.65%
(30.49-38.80%), respectively.

Table S2 also revealed that 356 participants had PDR
in total. The total prevalence rate of all participants was
18.13% (16.42-19.83%). Specifically, the prevalence rates
of the four RC groups were 14.84% (11.50-18.18%),
17.45% (14.22-20.68%), 20.00% (16.43-23.57%), and
19.88% (16.40-23.36%), respectively.

The results of univariate analyses using the binary logistic
regression model

The univariate analyses showed DR had nothing to do
with gender, DBP, BMI, TC, FPG, TG, LDL-c, RC, non-
HDL-c, B-blocker use (all P>0.05), but positively related
to age, HbAlc, SBP, Scr, PP, microalbuminuria, history
of coronary artery disease and cerebrovascular disease,
ACEI and/or ARB use, diuretic use, CCB use, and nega-
tively related to HDL-c, eGFR (all P<0.05; Table S3).
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The results also showed that age, gender, BMI, DBP,
FPG, TC, TG, LDL-c, HDL-c, non-HDL-c, RC, coronary
artery disease, and p-blocker use were not related to PDR
(All P-values>0.05), but SBP, PP, HbAlc, Scr, microalbu-
minuria, cerebrovascular disease, ACEI and/or ARB use,
diuretic use, and calcium channel blocker use were posi-
tively associated with PDR, and eGFR were negatively
connected with PDR (all P <0.05; Table S3).

The results of multivariate analyses using the binary
logistic regression model
We found no significant association between RC and DR
in the crude model, model I, and model II (Table 2). The
trend of ORs and 95% CI were robust irrespective of the
type of covariates adjusted (Crude model: OR=1.001;
95% CI: 0.995-1.008, the model I: OR=1.000; 95% CI:
0.993-1.006, model II: OR=1.001; 95% CI: 0.991-1.011).
We also found no significant relationship between RC
and PDR in the crude model, the model I, and model II
(Table 2). The trend of ORs and 95% CI were also robust
irrespective of the type of covariates adjusted (Crude
model: OR=1.003; 95% CI: 0.996-1.011, the model I:
OR=1.002; 95% CI: 0.993-1.010, model II: OR=1.009;
95% CI: 0.997-1.022).

Sensitivity analysis
A series of sensitivity analyses were performed to ver-
ify our findings’ robustness. We converted RC from a
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continuous variable to a categorical variable (according
to quartile) and then put the categorical-transformed RC
back into the model. The results showed that after RC
was transformed into a categorical variable, the trend of
the effect sizes in different groups was non-equidistant,
which indicated that there might be a non-linear rela-
tionship between RC and DR or PDR (Table 2).

In addition, we used a GAM to insert the continuity
covariate into the equation as a curve. Model III showed
this generally remained consistent with the fully adjusted
model (OR for DR=0.999, 95%CI: 0.989-1.010; OR for
PDR=1.008, 95%CIL: 0.995-1.021) (Table 2). Besides, we
generated an E-value to assess the sensitivity to unmeas-
ured confounding. The E-values of OR for DR and PDR
were 1.02 and 1.07, respectively. The E-value was greater
than the relative risk of unmeasured confounders and DR
or PDR, suggesting unmeasured or unknown confound-
ers had little effect on the relationship between RC and
diabetic retinopathy risk.

The non-linearity addressing by the generalized additive
model

Through the GAM and smooth curve fitting, we observed
that the association between RC and DR was non-linear
(Fig. 3). We fit the data using a standard binary logistic
regression model and determine the best fit model using
a log-likelihood ratio test (Table 3). In our study, the P
for the log-likelihood ratio test was <0.001. Therefore,

Table 2 Relationship between RC and DR or PDR in different models

Variable

Crude model (OR,95%Cl, P)

Model I (OR,95%Cl, P)

Model Il (OR,95%Cl, P)

Model lll (OR,95%Cl, P)

DR
RC (mg/dL)
RC (Quartile)
Q1
Q2
Q3
Q4
PDR
RC (mg/dL)
RC (Quartile)
Q1
Q2
Q3
Q4

1.001 (0.995, 1.008) 0.69304

Ref.

1422 (1.087,1.860) 0.01012
1.318(1.001, 1.735) 0.04921
1.216 (0.925, 1.598) 0.16182

1.003 (0.996, 1.011) 0.38149

Ref.

1.213(0.858, 1.714) 0.27367
1435 (1.016, 2.025) 0.04023
1424 (1.012,2.004) 0.04270

1.000 (0.993, 1.006) 0.88369

Ref.

1.405 (1.067, 1.850) 0.01547
1.263(0.951, 1.676) 0.10622
1.144 (0.860, 1.520) 0.35563

1.002 (0.993,1.010) 0.71030

Ref.

1.182 (0.828, 1.686) 0.35665
1.388(0.972,1.982) 0.07125
1.341(0.938,1.917) 0.10751

1.001 (0.991, 1.011) 0.85549

Ref.

1.397 (1.055, 1.850) 0.01949
1.282(0.952,1.727) 0.10155
1.146 (0.801, 1.640) 0.45498

1.009 (0.997, 1.022) 0.14995

Ref.

1.219(0.849, 1.751) 0.28371
1.559 (1.071,2.271) 0.02056
1.709 (1.096, 2.666) 0.01812

0.999 (0.989, 1.010) 0.89030

Ref.

1.314(0.980, 1.762) 0.06836
1.184 (0.855, 1.639) 0.30996
1.112(0.757, 1.632) 0.58809

1.008 (0.995, 1.021) 0.20586

Ref.

1.226 (0.851,1.767) 0.27444
1.552(1.060, 2.273) 0.02384
1.649 (1.048, 2.593) 0.03047

Crude model: we did not adjust other covariants

Model I: we adjusted age, sex, BMI, SBP, DBP, coronary artery disease, cerebrovascular disease, B-blocker use, ACEl and/or ARB use, diuretic use, calcium channel

blocker use

Model II: we adjusted age, sex, BMI, SBP, DBP, coronary artery disease, cerebrovascular disease, B-blocker use, ACEl and/or ARB use, diuretic use, calcium channel

blocker use, FPG, HbA1c, eGFR, TG, microalbuminuria

Model lll: we adjusted age (smooth), sex, BMI (smooth), SBP (smooth), DBP (smooth), coronary artery disease, cerebrovascular disease, B-blocker use, ACEl and/or ARB
use, diuretic use, calcium channel blocker use, FPG (smooth), HbA1c (smooth), eGFR (smooth), TG (smooth), microalbuminuria

OR odds ratios, Cl confidence, Ref reference
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Fig. 3 The non-linear relationship between RC and the prevalence
of DR. Figure 3. We used a generalized additive model and smooth
curve fitting to evaluate the relationship between RC and the risk of
DR. The result showed that the relationship between RC and DR was
non-linear after adjusting for age, sex, BMI, SBP, DBP, coronary artery
disease, cerebrovascular disease, 3-blocker use, ACEI and/or ARB use,
diuretic use, calcium channel blocker use, FPG, HbA1c, eGFR, TG, and
microalbuminuria
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Fig. 4 The non-linear relationship between RC and the prevalence
of PDR. Figure 4. We used a generalized additive model and smooth
curve fitting to evaluate the relationship between RC and the risk of
PDR. The result showed that the relationship between RC and DR was
also non-linear after adjusting for age, sex, BMI, SBP, DBP, coronary
artery disease, cerebrovascular disease, 3-blocker use, ACEI and/or
ARB use, diuretic use, calcium channel blocker use, FPG, HbA1c, eGFR,
TG, and microalbuminuria

we used a two-piecewise logistic regression model to fit
the link between the RC and DR. By recursive algorithm,
we first obtained the inflection point of RC was 19.0 mg/
dL and then calculated the OR and the CI on the left and
right of the inflection point. On the left side of the inflec-
tion point, the OR and 95%CI were 1.194, (1.070, 1.333),
respectively. On the right side of the inflection point, the
OR and 95%CI were 0.995, (0.984, 1.006), respectively.

We also used the GAM and smooth curve fitting and
found that the association between RC and PDR was non-
linear (Fig. 4). The inflection point of RC was 39.0 mg/dL.
On the left side of the inflection point, the OR and 95%CI
were 1.021, (1.004, 1.038), respectively. On the right side
of the inflection point, the OR and 95%CI were 0.988,
(0.966, 1.012), respectively (Table 4).

Discussion

In a cross-sectional study including 456 Chinese with
type 2 diabetes, Shan et al. found that RC levels were
positively associated with DR risk [2]. At the same time,
the prevalence of DR in their study was 47.59%, whereas
it was 35.13% in our study [2]. The patients included
in the study by Shan et al. had high levels or propor-
tions of males, HbAlc, FPG, SBP, DBP, TC, and TG, but
low levels of HDL-c, as determined by an analysis of
their demographic information. Previous studies have
reported that these indicators are associated with the
risk of developing diabetic retinopathy [3, 21-23]. Con-
sequently, it was accepted that individuals in the current
study had a lower prevalence of DR than those in the
study by Shan et al.

Table 3 The result of the two-piecewise logistic regression model for DR

DR (OR,95%Cl) Pvalue
Fitting model by standard logistic regression 1.001 (0.991,1.011) 0.8555
Fitting model by two-piecewise logistic regression
Inflection point of RC 19.0mg/dL
<13.0mg/dL 1.194 (1.070, 1.333) 0.0015
>13.0mg/dL 0.995 (0.984, 1.006) 0.3668

P for the log-likelihood ratio test

<0.001

OR Odds ratios, Cl Confidence, Ref Reference, RC Remnant cholesterol

We adjusted age, sex, BMI, SBP, DBP, coronary artery disease, cerebrovascular disease, 3-blocker use, ACEI and/or ARB use, diuretic use, calcium channel blocker use,

FPG, HbA1c, eGFR, TG, microalbuminuria
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Table 4 The result of the two-piecewise logistic regression model for PDR

PDR (OR,95%Cl) P value
Fitting model by standard logistic regression 1.009 (0.997, 1.022) 0.1499
Fitting model by two-piecewise logistic regression
Inflection point of RC 39.0mg/dL
<39.0mg/dL 1.021 (1.004, 1.038) 0.0145
>39.0mg/dL 0.988 (0.966, 1.012) 0.3340
P for the log-likelihood ratio test 0.028

OR Odds ratios, C/ Confidence Ref Reference, RC Remnant cholesterol

We adjusted age, sex, BMI, SBP, DBP, coronary artery disease, cerebrovascular disease, 3-blocker use, ACEl and/or ARB use, diuretic use, calcium channel blocker use,

FPG, HbA1c, eGFR, TG, microalbuminuria

Furthermore, in contrast to the study by Shan et al
.[2], our multivariate logistic regression study did not
identify a significant connection between RC and DR or
PDR in type 2 diabetic patients. The conflicting results
may have been caused by the following: (1) Differences
in FPG, blood pressure, blood lipids, and other indi-
cators in the study population (2) Compared with our
research, their study did not consider the effect of gen-
der, eGFR, HbAlc, history of coronary artery disease,
history of cerebrovascular disease on the relationship
between RC and DR when adjusting confounding vari-
ables. In addition, these characteristics were addressed
in relation to the risk of DR in prior research [21, 22,
24-26]. (3) Differences in sample size may also influ-
ence the statistical significance of the association
between RC and DR.

Furthermore, to the best of our knowledge, our study
observed a non-linear relationship between RC and DR
or PDR for the first time. We found a non-linear rela-
tion between RC and DR. The inflection point of RC
was 13.0mg/dL. It showed that when RC was below
13.0mg/dL, a 1 unit increase in the RC levels was asso-
ciated with a 19.4% increase in adjusted OR for the
risk of DR (OR=1.194, 95%CI: 1.070-1.333). However,
when RC >13.0mg/dL, a 1 unit increase in the RC level
was not associated with the adjusted OR of DR risk
(OR=0.995, 95%CI: 0.984-1.006). Similarly, we also
found a non-linear relation between RC and PDR risk,
and the inflection point was 39.0mg/dL. The relation-
ship between RC and PDR on the left and right sides of
the inflection point is similar to that between RC and
DR. The reason for the difference in the relationship
between RC and DR or PDR on both sides of the inflec-
tion point might be that other variables also influenced
diabetic retinopathy. It could be seen from Table S4 and
Table S5 that compared with RC<13.0 or 39.0mg/dL,
patients with RC>13.0 or 39.0 mg/dL generally have a
higher level or proportion of BMI, BP, FPG, HbAlc, Scr,
males, and microalbuminuria. In contrast, participants
generally had lower HDL-c and eGER levels in the RC

>13.0 or 39.0mg/dL group. However, the abnormality
of the above indicators was closely related to the pro-
gress of DR [3, 21-23, 27-29]. When RC was above
13.0 or 39.0mg/dL, RC had a relatively weak effect on
DR progression due to the presence of these DR risk
factors. On the contrary, when RC was less than 13.0 or
39.0mg/dL, the level of the risk factors for DR progres-
sions, such as BMI, BP, HbAlc, FPG, and Scr was lower.
The impact on DR was weakened, at this time, the effect
of RC was relatively enhanced. Our findings provide an
essential rationale for preventing DR and PDR by inter-
vening in the RC level in the clinic. In particular, the
RC level should be controlled below 13.0 or 39.0 mg/
dL. Because when the RC level is lower than 13.0 or
39.0mg/dL, the risk of DR or PDR might decrease sig-
nificantly. The inflection point provides evidence for
RC management for the first time.

Our study has some strengths, and we listed them as
follows. (1) A strength of our research is that the total
sample size was relatively large. (2) Information on covar-
iates is complete and rarely missing. This study explores
non-linearity and explains them further. This is a very
significant improvement over the previous study. (3)
We used multiple imputations to handle missing data in
this study. Multiple imputations can maximize statisti-
cal power and minimize potential bias caused by covari-
ate information missing. (4) In this study, we ensured the
robustness of the results through a series of sensitivity
analyses (conversion of target-independent variable form,
using a GAM model, calculating E-values to explore the
potential for unmeasured confounding). This makes our
results more reliable.

Our research has the following shortcomings and needs
attention: (1) The design of this study is cross-sectional,
so we cannot get the exact causal relationship because
of the nature of the cross-sectional design. (2) We only
explored the relationship between RC and DR formation
and progression in patients with T2DM. Further research
is needed on the relationship between the two in patients
with type 1 diabetes. (3) As with all observational studies,
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although known potential confounders such as FPG, TG,
and BMI were controlled, there may still be uncontrolled or
unmeasured confounders. However, we calculated E-value
to quantify the potential impact of unmeasured confound-
ers and found that unmeasured confounders were unlikely
to explain the results. (4) As this is a secondary analysis,
the raw data did not provide sufficient information on the
study population. In the future, we can consider designing
our studies or collaborating with other researchers to col-
lect sufficient information on the study population.

Conclusion

This study demonstrates a non-linear relationship
between RC and DR or PDR in patients with T2DM.
When the RC level is lower than 13.0 or 39.0mg/dL,
there is a significant positive association with DR and
PDR. This result is expected to provide a reference for
clinicians to control the RC level. From a treatment per-
spective, it makes sense to reduce the RC level below the
inflection point. Reducing the RC level can significantly
reduce DR and PDR risk when the RC level is below the
inflection point.
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