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Abstract

Objective Diabetes mellitus (DM) is a global metabolic disorder with high cardiovascular risk. Information on remnant cho-
lesterol (RC) among type 2 DM patients is insufficient in Ghana despite the cardiovascular risk it poses. This study assessed
the prevalence, pattern, and correlation of remnant cholesterol levels with other lipid parameters among patients with type
2 DM in the New Juaben Municipality of Ghana.

Methods A cross-sectional study was conducted among type 2 DM patients receiving treatment at St. Joseph Hospital and
the Eastern Regional Hospital from January 2022 to May 2022. The sociodemographic details of participants were obtained
with a structured questionnaire. Venous blood samples were collected, and analyzed for fasting blood glucose (FBG), total
cholesterol (TC), HDL-cholesterol (HDL-C), and triglycerides. These lipid parameters were then used to calculate low density
lipoprotein cholesterol (LDL-C), non-HDL-C, and remnant cholesterol (RC) levels. Data were analyzed accordingly using
the IBM SPSS and GraphPad Prism.

Results A total of 398 participants were recruited (median age of 50), of whom 265(66.6%) were females. The majority of
participants had no family history of DM (78.89%) and were aged 46-65 years (42.21%). The prevalence of high remnant
cholesterol was found to be 60.3%. Controlling for all significant factors including HDL-C and sex, having high RC was
found to be associated with 51% increased odds of having high non-HDL cholesterol (p=0.001). A subgroup analysis on
LDL-C and RC indicated that high LDL-C/high RC was most prevalent among participants 156(39.2%). Total cholesterol
(TC), triglycerides (TG), non-HDL cholesterol, and LDL- cholesterol were all substantially correlated with discordant/
concordant LDL-C and RC.

Conclusion The findings of this study indicate an increased prevalence of high RC among type 2 DM patients projecting a
possible increased risk of developing cardiovascular complications in the future. Much attention should therefore be paid to
RC and its correlated non-HDL cholesterol in the treatment and management of type 2 DM.
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Introduction

Diabetes mellitus (DM) is a metabolic disorder with high
prevalence worldwide, causing a significant burden on soci-
ety and premature mortality [1-5]. DM is caused by high
blood glucose levels and disrupted metabolism of carbo-
hydrates, fats, and proteins [6]. Type 2 DM accounts for
85-95% of DM cases in low-income countries [7]. Despite
12% of global health expenditures spent on treating DM and
its complications (including both microvascular and macro-
vascular problems) in 2003, it still caused 5 million deaths
worldwide [8, 9].

Remnant cholesterol (RC) refers to the cholesterol com-
ponent of triglyceride-rich lipoproteins including very
low-density lipoprotein and intermediate-density lipopro-
tein, postprandial chylomicrons, and their remnants [10].
Although plasma triglyceride (TG) can be used in clinical
settings as a surrogate measure for triglyceride-rich lipopro-
teins (TRLs) or RC, they represent different lipid disorders
[11]. Cholesterol content in TRLs contributed more directly
to cardiovascular disease (CVD) rather than TG, thus, high-
lighting RC in the lipids management recently [12]. High
serum RC concentrations increase arterial wall penetration,
leading to faster foam cell formation and inflammation. This
can also trigger cytokines, interleukins, and proatherogenic
adhesion molecules, potentially leading to plaque rupture
and consequently, cardiovascular mortality [13—15]. As a
result, it is hypothesized that excessive levels of RC may be
a predictive marker of future cardiovascular disease includ-
ing coronary artery disease (CAD), atherosclerosis develop-
ment, and a great risk of stroke [16—18].

According to studies by Sugden and Holness (2017),
elevated remnant lipoprotein-cholesterol levels are associ-
ated with insulin resistance and an independent risk of CAD
in type 2 diabetes mellitus patients [17]. In type 2 DM, an
increased cardiovascular risk often exists for many years
before the onset of biochemical hyperglycemia [19]. How-
ever, there is limited information on the prevalence and pat-
tern of remnant cholesterol among type 2 DM in Ghana and
sub-Saharan Africa. To help address the issue of increased
risk of cardiovascular diseases and arteriosclerosis incidence
among type 2 DM patients in Ghana, this study assessed the
prevalence and pattern of remnant cholesterol levels, and
its association with total cholesterol, triglycerides, LDL-
cholesterol, HDL-cholesterol, and non-HDL-cholesterol
among patients with type 2 diabetes mellitus in the New
Juaben Municipality of Ghana. The findings in this study
will aid efforts to develop strategies to manage and prevent
cardiovascular complications in type 2 DM patients.
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Methods and Materials
Study design

A cross-sectional study was conducted at St. Joseph Hos-
pital and the Eastern Regional Hospital in the New Juaben
Municipality among type 2 DM patients. The study period
was from January 2022 to May 2022. A non-randomized
sampling approach was used to select and collect data from
the consented participants. A total of 398 participants were
recruited for the study.

Eligibility criteria

Individuals diagnosed with type 2 DM regardless of age and
gender were eligible for the study. Type 1 DM and non-
diabetic patients were excluded. Also, individuals with a
history of cardiovascular events or lipid-lowering therapy
were excluded.

Sampling collection procedure
Socio-demographic details

The age, sex, marital status, level of education, occupation,
and history of type 2 DM in the family were collected from
all participants using a structured questionnaire.

Assessment of biochemical parameters

About 5 ml of blood samples were taken from participants
after 9—12 h of overnight fasting into a gel tube. The col-
lected blood samples stood for about 10 min to allow for
complete clotting and were centrifuged at 4000 rpm for
5 min to obtain serum. The serums were then analyzed for
their fasting blood glucose level (FBG), total cholesterol
(TC), HDL-cholesterol, and triglycerides using a BIOBASE
automatic chemistry analyzer. The Friedewald formula,
LDL-c¢ (mg/dL)=TC (mg/dL) —HDL-c (mg/dL) - TG
(mg/dL)/5, was then used to calculate for LDL-cholesterol
concentration [20, 21]. Remnant cholesterol was calculated
by subtracting HDL-C and LDL-C from non-fasting total
cholesterol (RC=TC —HDL-C —-LDL-C) [22]. Non-HDL-C
was also calculated by subtracting HDL-C from total cho-
lesterol [23, 24].

Data analysis

Initial entry and organization of data were done using Micro-
soft Excel. The data were cleaned and imported into IBM
SPSS and GraphPad Prism for analysis. The normality of the
variables was assessed using the Kolmogorov—Smirnov test.
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Comparison of variables was done with Kruskal-Wallis test
for continuous variables with a non-normal distribution and
results were shown as median (Q1-Q3), while for variables
following normal distribution, student 7-test statistics were
used and results shown as mean with standard deviations.
All analyses were done at a 95% confidence interval, and
p-values less than or equal to 0.05 were considered statisti-
cally significant.

Results

The study involved 398 participants [median age 50].
Table 1 summarizes the sociodemographic characteristics
of participants. The majority of participants were female
265 (66.6%), married 239 (60.1%), and hold a high school
education certificate (JHS/O’Level/SHS/A’Level) 254
(63.8%) (Table 1). The majority of participants (42.21%)
were also aged from 46 to 65 years with the least number of

participants (9.55%) aged less than 25 years. Three hundred
and fourteen participants (78.89%) had no family history
of DM (Table 1). The majority of participants were trad-
ers (37.94%) followed by those who were either students or
unemployed (31.66%).

The prevalence of high remnant cholesterol (RC) was
60.3% (n=240) [cut-off of 0.62 mmol/L (24 mg/dL)].
Table 1 also shows the association between RC (low and
high) and various socio-demographics of participants. Par-
ticipants aged 26 to 45 [68.18% (75 out of 110)], as well as
farmers/fashion designers and retirees (64.00% and 64.29%,
respectively), were found to have high levels of RC. High RC
was however equally distributed among males and females
as well as participants with and without a family history of
DM (Table 1).

Figure 1 shows the distribution of various biomedical
markers such as remnant cholesterol (RC), low-density
lipoprotein cholesterol (LDL-C), and fasting blood glucose
(FBG) among participants in graphs. None of the variables

Table 1 Socio-demographic

L Variable Overall Low RC (n=158) HighRC (n=240) p-value
characteristics and the
association between remnant Age category (years) [50 (37-64)] 0.200%
cholesterol and socio- <25 38(9.55) 15 (39.47) 23 (60.53)
demographic characteristics of
participants 2645 110 (27.64) 35(31.82) 75 (68.18)
46-65 168 (42.21) 70 (41.67) 98 (58.33)
>65 82 (20.60) 38 (46.34) 44 (53.66)
Sex
Female 265 (66.58) 105 (39.62) 160 (60.38) 0.965%*
Male 133 (33.42) 53 (39.85) 80 (60.15)
Marital status
Single 55(13.82) 21 (38.18) 34 (61.82) 0.735%*
Married 239 (60.05) 93 (38.91) 146 (61.09)
Divorced 35(8.79) 17 (48.57) 18 (51.43)
Widowed 69 (17.34) 27 (39.13) 42 (60.87)
Level of education 0.856#
None 16 (4.02) 7 (43.75) 9 (56.25)
Elementary/primary 14 (3.52) 4 (28.57) 10 (71.43)
JHS/O’Level/SHS/A’Level 254 (63.82) 102 (40.16) 152 (59.84)
Tertiary 114 (28.64)  45(39.47) 69 (60.53)
Occupation 0.965#
Unemployed/student 126 (31.66) 53 (42.06) 73 (57.94)
Trading 151 (37.94) 60 (39.74) 91 (60.26)
Farming/fashion design 25(6.28) 9 (36.00) 16 (64.00)
Civil servant/teaching/security 82 (20.60) 31 (37.80) 51 (62.20)
Retired 14 (3.52) 5(35.71) 9 (64.29)
Family history of diabetes
No 314 (78.89)  125(39.81) 189 (60.19) 0.931*
Yes 84 (21.11)  33(39.29 51(60.71)

Data were expressed as mean + SD, median (25th and 75th percentile), or n (%)

“Chi square p-value; #Fisher’s exact p-value
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appears to have a perfectly normal distribution among
participants.

In assessing the association between RC and other lipid
parameters, RC was found to be significantly associated with
total cholesterol (TC), triglycerides (TG), and non-high den-
sity lipoprotein cholesterol (non-HDL-C) (Table 2). How-
ever, the association between these significant parameters in
earlier analyses was explored in logistic regression. Control-
ling all significant factors including HDL-C and sex, hav-
ing high RC was associated with increased odds of having
high non-HDL cholesterol (aOR=1.51,95% CI 1.19-1.91,
p=0.001) (Table 3). To better understand the association,
scatter diagrams with best-fitted lines at a 95% confidence
interval (95% CI) were constructed for RC against non-HDL

RC among Population

Fraction of Population

T T T T
0.00 2.00 4.00 6.00
Remnant Cholesterol (mmol/L)

Fraction of Population

0 10 20 30
Fasting Blood Sugar (mmol/L)

cholesterol (Fig. 2). Increasing non-HDL cholesterol was
associated with increasing RC as well.

To assess the impact of RC and the LDL-C in type 2 DM
patients as employed in studies by Hu et al. (2022), study
participants were categorized into four groups (group 1:
low LDL-C/low RC, group 2: low LDL-C/high RC, group
3: high LDL-C/ low RC, and group 4: high LDL-C/high
RC) based on LDL-C and RC cut-off points of 2.6 mmol/L
(100 mg/dL) and 0.62 mmol/L (24 mg/dL) respectively [11].
The prevalence of concordant low LDL-C and low RC was
15.3% (n=61), that of discordant low LDL-C and high RC
was 21.1% (n=284), that of discordant high LDL-C and low
RC was 24.4% (n=97), and that of concordant high LDL-C
and high RC was 39.2% (n=156) (Table 4). Discordant/

Fraction of Population

T T T T T
0.00 2.00 6.00 8.00

.0
LDL-Cholesterol (mmol/L)

Fig. 1 Distribution of various biochemical parameters among participants by graphs. A Remnant cholesterol. B Low-density lipoprotein choles-

terol. C Fasting blood glucose
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Table 2 Association between remnant cholesterol and other lipid parameters and FBG
Variable Overall Low RC High RC p-value
(n=158) (n=240)
HDL-C 1.11 (0.79-1.54) 1.14 (0.77-1.56) 1.10 (0.80-1.54) 0.821%
Total cholesterol (TC) 5.35 (4.15-6.55) 4.97 (3.81-6.16) 5.54 (4.55-6.75) 0.00017
Triglycerides (TG) 1.60 (1.12-2.54) 1.05 (0.81-1.19) 2.30 (1.79-3.20) <0.0001+
Non-HDL-C 3.81(2.73-4.89) 3.02 (2.03-4.44) 4.12 (3.15-5.09) <0.0001+
LDL-C 3.20 (2.17-4.26) 3.29 (2.17-4.35) 3.19 (2.17-4.19) 0.695+
LDL-C category 0.464*
Low [<2.60 mmol/L (100 mg/dL)] 145 (36.43) 61 (42.07) 84 (57.93)
High [>2.60 mmol/L (100 mg/dL)] 253 (63.57) 97 (38.34) 156 (61.66)
FBG (mmol/L) 6.86 (5.74-9.80) 6.86 (5.74-9.88) 6.83 (5.73-9.54) 0.613+

Data were expressed as median (25th and 75th percentile) or n (%). Convert TG and FBG from SI units (mmol/L) to mg/dL by multiplying by

88.57 and 18, respectively

LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, FBG fasting blood glucose

"Mann-Whitney U test p-value; *chi-square p-value

Table 3 Logistic regression

Variable
of remnant cholesterol groups

OR+SE

95% CI p-value AOR+SE  95% CI p-value

against significantly associated
biochemical parameters of
participants

Total cholesterol (mmol/L)

Non-HDL-C (mmol/L)

1.28+0.08
Triglycerides (mmol/L)# - -
1.47+0.11  1.28-1.69

1.3-1.46 <0.0001 0.98+0.12 0.77-1.25 0.875

<0.0001 1.51+0.18 1.19-1.91 0.001

CI confidence interval, SE standard error, OR crude odds ratio, AOR adjusted odds ratio while controlling
for all significant factors including HDL-C and sex (Varbo, Benn et al., 2013; Huh, Han, Cho, Kang 2022)

in that order

#Predicts data perfectly (all those with high TG were found to belong to the high remnant cholesterol

group)

RC against Non-HDL Cholesterol
L ]

4 6
Non-HDL Cholesterol (mmol/L)

95% CI
° rem_chol

Fitted values

Fig.2 Association between RC and non-high-density lipoprotein
(non-HDL) cholesterol using scatter plots

concordant LDL-C and RC were significantly associated with
total cholesterol (TC), triglycerides (TG), non-HDL-C, and
LDL-C (Table 4).

Discussion

Elevated remnant cholesterol levels are associated with
insulin resistance and an independent risk of cardiovascular
disease in type 2 DM patients. This study assessed the preva-
lence and pattern of remnant cholesterol levels and its asso-
ciation with total cholesterol, triglycerides, LDL-cholesterol,
HDL-cholesterol, and non-HDL-cholesterol among patients
with type 2 DM in the New Juaben Municipality of Ghana.

The study involved 398 participants with the majority of
participants being females 265 (66.6%), and married 239
(60.1%). This gender pattern differs from similar studies
conducted by Ram et al. (2014) and Dedov et al. (2016)
who found a male dominance (59%) and an equal distribu-
tion in both sexes among type 2 DM patients respectively
[25, 26]. The majority of participants were aged 46—65 years
(42.21%), with 78.89% having no family history of type 2
DM. This indicates that persons in their midlife age are more
prone to developing type 2 DM.

Remnant cholesterol prevalence was found to be 60.3%
among participants. This finding was in line with similar
studies by Hu et al. (2022), Cao et al. (2020), and Shan et al.
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Table 4 Association between lipid parameters and groups of discordant/concordant LDL-C and RC

Variable Overall Group 1 [low Group 2 [low Group 3 [high Group 4 [high LDL-C p-valuef
LDL-C and low RC] LDL-C and high LDL-C and low RC] and high RC] n=156
n=61 RC] n=84 n=97
HDL-C 1.11 (0.79-1.54) 1.01 (0.72-1.25) 1.06 (0.77-1.45) 1.25 (0.80-1.70) 1.16 (0.84-1.64) 0.058
Total cholesterol (TC) 5.35 (4.15-6.55) 3.47 (2.86-3.91) 4.21 (3.74-4.74) 5.94 (5.13-6.90) 6.39 (5.44-7.17) 0.0001
Triglycerides (TG) 1.60 (1.12-2.54) 1.06 (0.81-1.23) 2.58 (1.85-3.86) 1.02 (0.81-1.18) 2.24 (1.73-2.86) 0.0001
Non-HDL-C 3.81(2.73-4.89) 2.09 (1.72-2.65) 3.01 (2.65-3.60) 4.00 (3.19-5.07) 4.69 (4.01-5.69) 0.0001
LDL-C 3.20 (2.17-4.26) 1.98 (1.42-2.28) 1.98 (1.42-2.19) 3.99 (3.43-5.05) 3.84 (3.23-4.86) 0.0001
FBG (mmol/L) 6.86 (5.74-9.80) 7.07 (5.90-9.60) 7.05 (5.64-9.29) 6.71 (5.70-9.88) 6.79 (5.80-9.82) 0.894

Data was presented as median (Q1-Q3)

LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, RC remnant cholesterol, FBG fasting blood glucose

TKruskal Wallis rank test p-value

(2022) in China, who found increased levels of RC among
DM patients [11, 27, 28]. Studies by Hu et al. (2022) found
an association between RC and the risk of type 2 DM inci-
dence in the general population indicating RC concentra-
tion as an independent risk factor for the development of
type 2 DM [29]. This can as well be observed in our study
which projected a high prevalence of RC among type 2 DM
patients suggesting a likely association between type 2 DM
incidence and RC.

Despite the fact that female dominance and unequal dis-
tribution of participants with and without type 2 DM in their
families was found, high RC was however evenly distributed
among males and females as well as participants with and
without a family history of type 2 DM. This indicates that
RC levels in type 2 DM patients are not affected by sex as
well as being genetically related to persons with type 2 DM.

Controlling all significant factors including HDL-C and
sex, having high RC was also found to be associated with
51% increased odds of having high non-HDL cholesterol
(»p=0.001). This current study’s finding offers novel evi-
dence that circulating level of RC is positively correlated
with non-HDL cholesterol levels. This positive correlation
corresponds with studies by Lu et al. (2013) and Jiang et al.
(2004) who found non-HDL cholesterol as a strong predictor
of cardiovascular disease in men and women with DM [30,
31]. High RC has also been associated with the incidence of
new-onset carotid plaque even in participants of lower base-
line LDL-C levels after about 7 years of follow-up on people
without any incidence of CVDs [32] leading to a recom-
mendation that in people with low LDL-C, RC can be used
as a marker in preventing atherosclerotic outcomes. These
findings, therefore, stand to suggest that RC and non-HDL
cholesterol should be measured simultaneously in assessing
plausible prediction of cardiovascular disease among indi-
viduals with type 2 DM patients.

The study also found discordant/concordant LDL-C and
RC to be associated with type 2 DM to varying degrees. High
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LDL-C/high RC subgroup was more common among par-
ticipants. More importantly, this relationship was stronger in
females than males. This finding however differed from that
reported by Hu et al. (2022) who found subgroup low LDL-C/
high RC to be more common among DM patients projecting
the role of RC beyond LDL-C in DM patients [11]. These
variations could be due to differences in sample size, study
design, population, and duration employed in both studies.

Our study has a few limitations. This study used a cross-
sectional study design and hence could not establish causal
associations or risks with RC. LDL-C measurement was
calculated and not obtained from the direct measurement
from a chemistry analyzer which may be prone to analytical
errors of TG, total cholesterol, and HDL-C.

Conclusion

The study shows an increased prevalence of high remnant
cholesterol (RC) among type 2 diabetes mellitus patients
with an equal distribution among males and females as well
as participants with and without a family history of DM.
It is therefore prudent that RC is significantly monitored
and controlled for individuals with type 2 DM to prevent
possible onset of micro- and macro-vascular complications
that impedes adequate treatment outcomes, optimal disease
control, and quality of life.

Acknowledgments We are grateful to Dr. Collins Osei Kissi, Medical
Director of St Joseph Hospital, Koforidua, and the hospital staff of St.
Joseph Hospital and the Eastern Regional Hospital for their assistance
during data collection.

Authors’ contribution RKDE, SQ, ABAM, TA, and GNO conceived
and designed this study. SQ, ABAM, TA, and SKD were responsible
for data collection and analysis. SQ, ABAM, TA, GNO, and SKD were
responsible for data visualization. RKDE and GNO drafted the manu-
script. All authors revised the manuscript critically for important intel-
lectual content. All authors read and agreed with the final manuscript.



International Journal of Diabetes in Developing Countries (January—March 2025) 45(1):219-226

225

Funding The work was funded by the authors.

Data availability All data generated or analyzed during this study are
available upon request from the corresponding author.

Declarations

Conflict of interest The authors declare no competing interests.

Ethical consideration The study was approved by the Department of
Medical Laboratory Science, University of Cape Coast. Ethical clear-
ance was sought from the institutional review board of St. Joseph
Hospital. All methods were carried out following relevant guidelines
and regulations. Informed consent was obtained from all participants.
Confidentiality was also observed throughout the entire study.

References

10.

12.

13.

Whiting DR, Guariguata L, Weil C, Shaw J. IDF diabetes atlas:
global estimates of the prevalence of diabetes for 2011 and 2030.
Diabetes Res Clin Pract. 2011;94(3):311-21.

Yang W, Dall TM, Beronjia K, et al. Economic costs of diabetes
in the U.S. in 2017. Diabetes Care. 2018;41(5):917-28. https://
doi.org/10.2337/dci18-0007.

da Rocha FJ, Ogurtsova K, Linnenkamp U, et al. IDF Diabetes
Atlas estimates of 2014 global health expenditures on diabetes.
Diabetes Res Clin Pract. 2016;117:48-54. https://doi.org/10.
1016/j.diabres.2016.04.016.

Motala AA. Diabetes trends in Africa. Diabetes Metab Res Rev.
2002;18(SUPPL. 3):14-20. https://doi.org/10.1002/dmrr.284.
Kibirige D, Lumu W, Jones AG, Smeeth L, Hattersley AT,
Nyirenda MJ. Understanding the manifestation of diabetes in
sub Saharan Africa to inform therapeutic approaches and pre-
ventive strategies: a narrative review. Clin Diabetes Endocrinol.
2019;5(1):1-8. https://doi.org/10.1186/s40842-019-0077-8.
Marathe PH, Gao HX, Close KL. American diabetes association
standards of medical care in diabetes. J Diabetes. 2017;9(4):320-
4. https://doi.org/10.1111/1753-0407.12524.

Osei-Yeboah J, Owiredu WK, Norgbe GK, et al. Quality of life of
people living with type 2 diabetes in Ho, Ghana: a cross-sectional
study. Am J Biomed Sci. 2016;8:4.

Meuleneire F. Management of diabetic foot ulcers using dress-
ings with Safetac: a review of case studies. Wounds UK.
2008;4(4):16-30.

Williams R, Karuranga S, Malanda B, et al. Global and regional
estimates and projections of diabetes-related health expenditure:
results from the International Diabetes Federation Diabetes Atlas,
9th edition. Diabetes Res Clin Pract. 2020;162. https://doi.org/10.
1016/j.diabres.2020.108072.

Karini K. Assessment of remnant lipoprotein cholesterol (RLP-C)
levels and its correlation with carotid intima media thickness in
insulin resistant type 2 diabetes mellitus patients. Int J Heal Sci Res.
2019;13(June). https://doi.org/10.7860/JCDR/2019/40984.12861.

. Hu X, Liu Q, Guo X, et al. The role of remnant cholesterol

beyond low-density lipoprotein cholesterol in diabetes mellitus.
Cardiovasc Diabetol. 2022;21(1):1-10. https://doi.org/10.1186/
$12933-022-01554-0.

Sandesara PB, Virani SS, Fazio S, Shapiro MD. The forgotten
lipids: triglycerides, remnant cholesterol, and atherosclerotic car-
diovascular disease risk. Endocr Rev. 2019;40(2):537-57.
Sigfrids J. Remnant cholesterol predicts progression of diabetic
nephropathy and retinopathy in type 1 diabetes. Int J] Gen Med.
2021;2:1-14. https://doi.org/10.1111/joim.13298.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Miller YI, Choi SH, Fang L, Tsimikas S. Lipoprotein modification
and macrophage uptake: role of pathologic cholesterol transport
in atherogenesis. Subcell Biochem. 2010;51:229-51. https://doi.
org/10.1007/978-90-481-8622-8_8.

Shin HK, Kim YK, Kim KY, Lee JH, Hong KW. Remnant lipo-
protein particles induce apoptosis in endothelial cells by NAD (P)
H oxidase—mediated production of superoxide and cytokines via
lectin-like oxidized low-density lipoprotein receptor-1 activation:
prevention by cilostazol. Circulation. 2004;109(8):1022-8.
Jgrgensen PG. Cholesterol remnants and triglycerides are associ-
ated with decreased myocardial function in patients with type 2
diabetes. Cardiovasc Diabetol. 2016;8:1-11. https://doi.org/10.
1186/512933-016-0454-x.

Sugden M, Holness M. Pathophysiology of diabetic dyslipidemia:
implications for atherogenesis and treatment Pathophysiology of
diabetic dyslipidemia : implications for atherogenesis and treat-
ment. Clin Lipidol. 2017;4299:1-12. https://doi.org/10.2217/clp.
11.32.

Varbo A, Benn M, Tybjerg-Hansen A, Nordestgaard BG. Elevated
remnant cholesterol causes both low-grade inflammation and
ischemic heart disease, whereas elevated low-density lipoprotein
cholesterol causes ischemic heart disease without inflammation.
Circulation. 2013;128(12):1298-309.

Schofield JD, Liu Y, Rao-Balakrishna P, Malik RA, Soran H. Dia-
betes dyslipidemia. Diabetes Ther. 2016;7(2):203-19. https://doi.
0rg/10.1007/s13300-016-0167-x.

Tremblay AJ, Morrissette H, Gagné JM, Bergeron J, Gagné C,
Couture P. Validation of the Friedewald formula for the deter-
mination of low-density lipoprotein cholesterol compared with
B-quantification in a large population. Clin Biochem. 2004;37(9):
785-90. https://doi.org/10.1016/j.clinbiochem.2004.03.008.
Ephraim RKD, Acheampong E, Swaray SM, et al. Developing
a modified low-density lipoprotein (M-LDL-C) Friedewald’s
equation as a substitute for direct LDL-C measure in a Ghanaian
population: a comparative study. In: Kostner GM, ed. J Lipids.
2018;2018:7078409. https://doi.org/10.1155/2018/7078409.
Burnett JR, Hooper AJ, Hegele RA. Remnant cholesterol and
atherosclerotic cardiovascular disease risk. ] Am Coll Cardiol.
2020;76(23):2736-9. https://doi.org/10.1016/j.jacc.2020.10.029.
Ephraim RKD, Adu P, Ake E, et al. Normal non-HDL cholesterol,
low total cholesterol, and HDL cholesterol levels in sickle cell
disease patients in the steady state: a case-control study of Tema
Metropolis. J Lipids. 2016;2016:1-5. https://doi.org/10.1155/
2016/7650530.

Rahimi Z, Merat A, Haghshenass M, Madani H, Rezaei M, Nagel
RL. Plasma lipids in Iranians with sickle cell disease: hypocholes-
terolemia in sickle cell anemia and increase of HDL-cholesterol
in sickle cell trait. Clin Chim Acta. 2006;365(1-2):217-20.
Dedov 11, Shestakova MV, Galstyan GR. The prevalence of type
2 diabetes mellitus in the adult population of Russia (NATION
study). Diabetes Mellit. 2016;19(2):104—12.

Ram N, Hashmi F, Jabbar A, Ahmed B. Importance of measur-
ing Non-HDL cholesterol in type 2 diabetes patients. J Pak Med
Assoc. 2014;64(2):124-8.

Cao YX, Zhang HW, Jin JL, et al. The longitudinal association of
remnant cholesterol with cardiovascular outcomes in patients with
diabetes and pre-diabetes. Cardiovasc Diabetol. 2020;19(1):1-10.
https://doi.org/10.1186/s12933-020-01076-7.

Shan Y, Wang Q, Zhang Y, et al. High remnant cholesterol level
is relevant to diabetic retinopathy in type 2 diabetes mellitus.
Lipids Health Dis. 2022;21(1):1-10. https://doi.org/10.1186/
$12944-021-01621-7.

Huh JH, Roh E, Lee SJ, Ihm SH, Han KD, Kang JG. Rem-
nant cholesterol is an independent predictor of type 2 diabetes:
a nationwide population-based cohort study. Diabetes Care.
2022;46(2):305-12. https://doi.org/10.2337/dc22-1550.

@ Springer



226 International Journal of Diabetes in Developing Countries (January—March 2025) 45(1):219-226

30. Lu W, Resnick HE, Jablonski KA, et al. Non-HDL cholesterol as Publisher's Note Springer Nature remains neutral with regard to
a predictor of cardiovascular disease in type 2 diabetes: the strong jurisdictional claims in published maps and institutional affiliations.
heart study. Diabetes Care. 2003;26(1):16-23. https://doi.org/10.

2337/diacare.26.1.16. Springer Nature or its licensor (e.g. a society or other partner) holds
31. Jiang R, Schulze MB, Li T, et al. Non-HDL cholesterol and apoli- exclusive rights to this article under a publishing agreement with the
poprotein B predict cardiovascular disease events among men with author(s) or other rightsholder(s); author self-archiving of the accepted
type 2 diabetes. Diabetes Care. 2004;27(8):1991-7. https://doi. manuscript version of this article is solely governed by the terms of
org/10.2337/diacare.27.8.1991. such publishing agreement and applicable law.

32. Liu B, Fan F, Zheng B, et al. Association of remnant cholesterol
and lipid parameters with new-onset carotid plaque in Chinese
population. Front Cardiovasc Med. 2022;9(August):1-10. https://
doi.org/10.3389/fcvm.2022.903390.

@ Springer




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2025-02-10T11:04:00+0000
	Preflight Ticket Signature




