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Abstract

Background

The prevalence of dyslipidemia in patients with type 2 diabetes (T2D) has been reported to
be relatively high. The current study aimed to investigate the trend of serum lipid levels and
the prevalence of dyslipidemia in patients with T2D.

Methods

Data were extracted from a cohort of patients with T2D who had regular follow-ups every
year for three years. TG, TC, LDL-C, HDL-C, and non-HDL-C were analyzed. The athero-
genic index of plasma (AIP) was calculated using log (TG/HDL-C).

Results

A total of 747 patients with T2D were included in this study, consisting of 469 (62.8%)
women and 278 (37.2%) men. There was a significant downward trend in mean TG, TC,
LDL-C, non-HDL-C, and AIP levels. The trend of mean HDL-C levels showed no significant
change. The prevalence of high TG, high TC, high LDL-C, and high non-HDL-C significantly
decreased from the first to the last visit. There was no significant change in the trend of prev-
alence of low HDL-C. The prevalence of high AIP significantly decreased in women and
showed no significant changes in men.

Conclusions

A decreasing trend was observed in the mean levels and prevalence of TG, TC, LDL-C,
non-HDL-C, and AIP. HDL-C did not change significantly. The success rate in achieving a
complete normal lipid profile during follow-up years was not promising and continues to be
challenging.
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Introduction

The prevalence of chronic diseases such as diabetes, metabolic syndrome, hypertension, car-
diovascular disease, rheumatoid arthritis, and cancer is rising due to urbanization, increasing
life expectancy, sedentary lifestyle, lack of physical activity, and unhealthy eating habits [1].
Studies have shown that lifestyle modification, dietary management, physical activity, supple-
ments, and natural components can prevent chronic diseases [2-6]. In recent years, diabetes
has become one of the leading causes of morbidity and mortality, spreading worldwide at an
alarming rate [7]. Diabetes increases the risk of complications such as cardiovascular disease,
neuropathy, nephropathy, and retinopathy [7]. In addition to medications, lifestyle changes,
and nutritional strategies can help prevent and manage diabetes [8].

Dyslipidemia is an independent risk factor in developing cardiovascular diseases (CVD),
cancer, and microvascular complications of diabetes, nephropathy, and retinopathy [9-12].
The prevalence of dyslipidemia among patients with type 2 diabetes (T2D) has been reported
to be more than 75% [13]. Diabetic dyslipidemia is mainly defined as high triglyceride (TG),
high low-density lipoprotein cholesterol (LDL-C), or low high-density lipoprotein cholesterol
(HDL-C) [14]. Statins are mainly a first-line treatment in diabetic dyslipidemia, focusing on
controlling serum LDL-C levels [15]. This is due to the proven association between LDL-C
and CVD [16]. Despite updated guidance on statin treatment recommendations, the success
rate over time that keeps lipids in the ideal range is not reassuring. Moreover, it is essential to
monitor TG or HDL-C levels as they are associated with CVD, cancer, retinopathy, and
nephropathy [11, 17-20].

Timely diagnosis of adverse lipid profiles is a particular focus in patients with diabetic dysli-
pidemia. So, further knowledge of how lipid profile levels shift over time is required to deter-
mine the distribution of diabetic dyslipidemia and provide innovative improvement
opportunities. In light of this, a few studies have been published in the past several years con-
cerning blood lipid levels and dyslipidemia’s overall prevalence and its trend over time. In
Korea, the results of a 12-year study have documented significantly increasing trends in total
cholesterol (TC), LDL-C, HDL-C, and non-HDL-C among adolescents [21]. However, a
downward trend in LDL-C concentration and an increasing prevalence of low HDL-C over six
years have been noted among adults in China [22].

Regarding the findings of two studies during 2003-2013 and 1999-2016 in the USA, no sig-
nificant changes were reported in HDL-C levels among participants. In contrast, a favorable
trend was shown in non-HDL-C, TC, and median TG levels [23, 24]. Besides, research among
the diabetic population taking cholesterol medication in the USA has revealed a downward lin-
ear trend for mean TC and HDL-C from 2003 through 2012 [25]. Few studies have also evalu-
ated lipid trends in Iran. According to the results of four national health surveys during 1991-
2008, trends in median cholesterol decreased in the male population. The medians of choles-
terol of females had a varying trend. It decreased in ages younger than 45 but increased in ages
over 45 years [26].

In addition to the inconsistencies in the current evidence, there is a lack of studies on trends
in lipid profiles, primarily focusing on patients with T2D in this region. Studying the trend of
serum lipid levels is worthwhile from a public health perspective to assess whether our
approach to dyslipidemia had an effective role and how serum lipids change in response to
management. Furthermore, previous studies mainly focused on TG, LDL-C, and HDL-C.
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Therefore, we conducted a study to demonstrate the trends in serum lipid levels, including
TG, TC, LDL-C, HDL-C, non-HDL-C, and AIP, and the prevalence of dyslipidemia patterns
in patients with T2D during follow-up years.

Materials and methods
Study design

This was a serial cross-sectional study using data from a cohort of patients with T2D who had
regular follow-ups every year for three years in a tertiary care hospital’s diabetes clinic affiliated
with the Tehran University of medical sciences between 2019 and 2021. The studied popula-
tion had their routine daily activity, and we did not justify them having excess exercise. All
patients received nutritional counseling at each visit by a trained dietitian. Patients who fol-
lowed their regular visits every year for three years and had complete blood lipid profiles (TG,
TC, LDL-C, HDL-C) were included. Therefore, 747 patients were enrolled. The population
was mainly homogenous, middle class, with middle to high school education levels. They had
access to healthcare facilities and insurance.

Data collection

Demographic and socioeconomic characteristics, medications in use, and duration of diabetes
variables were obtained using a structured questionnaire. Well-trained examiners conducted
anthropometric measurements, including height, weight, and waist circumference. Standing
height was established with a portable stadiometer (rounded to the nearest 0.1 cm). Using a
calibrated balance beam scale, we measured weight in the upright position (rounded to the
nearest 0.1 kg). Body mass index (BMI) is figured by dividing weight (kg) by height squared
(m2) according to the Quetelet equation. We measured the waist circumference (WC) at the
middle point between the lower borders of the rib cage and the iliac crest (rounded to the near-
est 0.1 cm) [27]. Well-trained nurses measured blood pressure (systolic and diastolic) using a
calibrated mercury sphygmomanometer. Patients who had at least 150 minutes of moderate-
intensity physical activity per week were classified as physically active and others as inactive
[28]. We measured fasting blood glucose (FBS), hemoglobinA1C (evaluated by high-perfor-
mance liquid chromatography (HPLC)), 2-hour postprandial blood glucose (2hpp), and creati-
nine, as well as blood lipid profile, including TG, TC, LDL-C, and HDL-C (determined by
direct enzymatic colorimetry using a Technicon RA- analyzer (Pars Azmoon, Karaj, Iran)).
We calculated non-HDL-C by subtracting HDL-C from TC. The atherogenic index of plasma
(AIP) was estimated according to the following equation (Log (TG/HDL-C)). The 10-year ath-
erosclerotic cardiovascular disease (ASCVD) risk score was determined based on McClelland
etal. [29] formula and categorized as low (<5%), borderline (5-7.5%), intermediate (7.5-
20%), and high risk (>20%) according to the American College of Cardiology (ACC) [30].
The estimated glomerular filtration rate (eGFR) was calculated according to the Chronic Kid-
ney Disease Epidemiology Collaboration (CKD-EPI) equation. Under standard conditions,
the patients were instructed to collect their urine in boric acid-supplied containers from 7 pm
to 7 am. Urinary albumin excretion (UAE) was measured by the latex turbidimetric immuno-
assay method using the DAKO package (Glostrop, Denmark). This study was approved by
institutional research ethics committee of Tehran University of Medical Sciences. All research
was performed in accordance with the Declaration of Helsinki. Informed consent was
obtained from all participants or their legal guardians.
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Treatment

Each patient has been prescribed either monotherapy or multiple-drug therapy, considering
their glycemic levels. Monotherapy consisted of oral anti-diabetic drugs (OAD) or insulin,
whereas treatment with two or more OAD or a combination of OAD and insulin was consid-
ered multiple-drug therapy. In this study, patients received insulin glargine or NPH insulin in
combination with mealtime insulin aspart or insulin regular. Patients with hypertension were
receiving relevant drugs. About 60% took angiotensin receptor blockers (ARBs) or angioten-
sin-converting enzyme (ACE) inhibitors. However, the entire was taking other classes of anti-
hypertensive drugs containing diuretics alone (5.2%), calcium channel blockers (CCB) alone
(1.6%), beta-blockers alone (1.4%), and a combination of them (nearly 30%). Because of its
availability and low price, approximately 95% of all patients with dyslipidemia received atorva-
statin. We did not enroll individuals receiving fibrates, ezetimibe, PCSK 9 inhibitors, or com-
bination therapy. The medication compliances of our patients were relatively homogenous.

Dyslipidemia definition

Diabetes was diagnosed with the American Diabetes Association (ADA) Criteria [31]. We
defined dyslipidemia based on NCEP ATP III (National Cholesterol Education Program-
Adult Treatment Panel IIT) and AHA/ACC (The American Heart Association/The American
College of Cardiology) guidelines [32, 33]. The patterns were as follows: high TG (>150 mg/
dl), high total cholesterol (>200 mg/dl), high LDL-C (>70 mg/dl), low HDL-C (<40 mg/dl in
men and <50 mg/dl in women), high non-HDL-C (>130 mg/dl), and high AIP (>0.24) [34].

Statistical analysis

We analyzed the data using SPSS software version 24 (SPSS, Inc.). Continuous variables were
presented as means (+SD). Categorical variables were expressed as frequency and proportion.
We investigated trends in serum lipid levels (TG, LDL-C, HDL-C, non-HDL-C) and dyslipide-
mia prevalence (high TG, high LDL-C, low HDL-C, high non-HDL-C, and high AIP) through
general linear model analysis. The Kolmogorov-Smirnov test was used to analyze the normal-
ity of TG levels distribution, demonstrating a normal distribution. Results were stratified by
sex. We considered a P-value lower than 0.05 statistically significant.

Results
Baseline characteristics

A total of 747 patients with T2D were included in this study, consisting of 469 (62.8%) women
and 278 (37.2%) men. The mean age of women and men was 58.7+9.5 and 62.1+10.5 years,
respectively. The mean duration of diabetes was 9.6+7.0 years in women and 9.4+7.4 years in
men. Over the study period, the mean BMI increased from 29.6 to 29.9 kg/m2 in women (P-
trend = 0.025) and from 27.2 to 27.9 kg/m2 in men (P-trend = 0.015). Mean WC decreased by
0.9 cm, decreasing from 96.8 to 95.9 cm (women) (P-trend = 0.106), and decreased by 0.1 cm,
decreasing from 95.2 to 95.1 cm (men) (P-trend = 0.820). There was a significant downward
trend in mean FBS, HbA1C, and 2hpp values in both women and men (P-value<0.001). SBP
did not change significantly in both women (P-trend = 0.206) and men (P-trend = 0.691), and
DBP changed significantly in women (P-trend = 0.006) and non-significantly in men (P-
trend = 0.906). The 10-year ASCVD risk score showed a significant increasing trend in
women (P-trend<0.001) and men (P-trend = 0.001). The prevalence of low 10-year ASCVD
risk (<5%) was significantly reduced from 36.8% to 32.2% in women (P-trend = 0.002), while
it was non-significantly decreased from 12.3% to 9.5% in men (P-trend = 0.090). The

PLOS ONE | https://doi.org/10.1371/journal.pone.0293410  October 25, 2023 4/15


https://doi.org/10.1371/journal.pone.0293410

PLOS ONE

Type 2 diabetes and trend of blood lipid profile

prevalence of borderline (5-7.5%) and intermediate (7.5-20%) 10-year ASCVD risk did not
show a significant trend in women and men. The proportion of high-risk (>20%) patients
increased from 18.0% to 25.5% in women (P-trend<0.001) and from 56.8% to 60.9% in men
(P-trend = 0.059) over the study period. Creatinine changed significantly in women (P-

trend = 0.007) and non-significantly in men (P-trend = 0.610). The urinary albumin excretion
increased from 16.5£29.6 to 17.9+60.6 mg/12h in women (P-trend = 0.737), whereas it
decreased from 26.3+77.6 to 25.9+68.1 mg/12h in men (P-trend = 0.910). The baseline charac-
teristics of the patients are shown in Table 1.

Trends in means of serum lipid profile levels

Mean TG levels were significantly decreased by 16.9 mg/dl, decreasing from 172.6 to 155.7
mg/dl (women) (P-value<0.001), and by 20 mg/dl, decreasing from 155.6 to 135.6 mg/dl
(men) (P-trend = 0.001) (Table 2). There was also a significant downward trend in mean levels
of TC, LDL-C, non-HDL-C, and AIP, whereas mean HDL-C levels showed no significant
trend in both women and men (Fig 1). Mean TC levels decreased by 9.9 mg/dl, decreasing
from 173.6 to 163.7 mg/dl (women) (P-value<0.001), and by 18.1 mg/dl, decreasing from
165.4 to 147.3 mg/dl (men) (P-value<0.001). Mean LDL-C levels decreased from 95.7 to 89.6
mg/dl in women (P-trend = 0.005) and 92.9 to 81.2 mg/dl in men (P-value<0.001). Mean
non-HDL-C levels decreased from the first to the last visit, from 127.7 to 117.4 mg/dl in
women (P-value<0.001) and from 123.5 to 104.8 mg/dl in men (P-value<0.001). Mean AIP
levels decreased from 0.54 to 0.49 in women (P-value<0.001) and from 0.51 to 0.46 in men (P-
value<0.001). Mean HDL-C levels increased by 0.4 mg/dl, rising from 45.8 to 46.2 mg/dl
(women) (P-trend = 0.580), and by 0.6 mg/dl, rising from 41.8 to 42.4 mg/dl (men) (P-

trend = 0.418) (Table 2).

Trends in the prevalence of dyslipidemia

The prevalence of high TG (>150 mg/dl) decreased over the study period, decreasing from
52.0% to 42.2% in women (P-value<0.001) and from 39.2% to 30.6% in men (P-trend = 0.008)
(Table 3). The prevalence of high TC (>200 mg/dl), high LDL-C (>70 mg/dl), and high non-
HDL-C (>130 mg/dl) significantly decreased from the first to the last visit, whereas there was
no significant trend in the prevalence of low HDL-C (<50 mg/dl in women, <40 mg/dl in
men) in both women and men (Fig 2). The prevalence of high TC decreased from 24.8% to
15.8% in women (P-value<0.001) and 18.9% to 9.4% in men (P-value<0.001). The prevalence
of high LDL-C decreased from 77.2% to 71.9% in women (P-trend = 0.028) and from 73.0% to
61.2% in men (P-trend = 0.001). The prevalence of high non-HDL-C decreased by 11.2%,
decreasing from 42.1% to 30.9% (women) (P-value<0.001) and by 17.8%, decreasing from
41.1% to0 23.3% (men) (P-value<0.001). The prevalence of low HDL-C increased from 68.0%
to 69.5% in women (P-trend = 0.559) and decreased from 44.6% to 42.1% in men (P-

trend = 0.449). The prevalence of high AIP (>0.24) significantly decreased from 89.8% to
85.5% in women (P-trend = 0.023) and non-significantly reduced from 84.5% to 83.1% in men
(P-trend = 0.565) (Table 3).

The success rate for blood lipid goals achievement

Seven hundred and twenty-four patients (96.9%) out of 747 had at least one lipid abnormality
in visit 1. The success rate for blood lipid goals achievement, including TG<150 mg/d],
TC<200 mg/dl, LDL-C<70 mg/dl, and non-HDL-C<130 mg/dl was 16.2% (95% CI: 13.3-
19.1%) in visit 2 (P-value<0.001) and 17.8% (95% CI: 14.8-20.7%) in visit 3 (P-value<0.001)
(Fig 3).
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Table 1. The baseline characteristics of the studied patients.

Visit 1 Visit 2 Visit 3 P-trend
‘Women
Age (years) 58.7+9.5 7 59.7+9.5 60.7£9.5 -
Duration of diabetes (years) 9.6+7.0 10.6+7.0 11.6£7.0 -
WC (cm) 96.3£12.0 96.9£14.9 96.2+14.4 0.923
BMI (Kg/m2) 29.5+4.7 30.0£6.2 29.8+4.9 0.004
SBP (mmHg) 132.8+£20.9 132.8+£20.2 134.1£17.9 0.206
DBP (mmHg) 79.3+12.5 77.4+10.8 77.5+10.2 0.006
10-Year ASCVD Risk Score 12.2+11.8 12.9+13.2 14.4+14.0 <0.001
10-Year ASCVD <%5 36.8(32.1-41.4) 36.8(32.1-41.4) 32.2(27.7-36.7) 0.002
Risk Score %5-7.5 10.8(7.8-13.8) 9.6(6.8-12.5) 9.1(6.4-11.9) 0.363
categories %7.5-20 34.4(29.8-39.0) 32.0(27.5-36.5) 33.2(28.6-37.7) 0.601
% (95% CI) >%20 18.0(14.3-21.7) 21.6(17.7-25.6) 25.5(21.3-29.7) <0.001
FBS (mg/dL) 170.1+£65.9 157.3+51.8 156.1+£55.6 <0.001
2hPP (mg/dL) 225.2+83.8 207.7+£71.2 204.8+76.9 <0.001
HbA1C (%) 7.91£1.72 7.51£1.45 7.48+1.46 <0.001
Creatinine (mg/dl) 0.91£0.23 0.92+0.23 0.94+0.29 0.007
eGFR (ml/min/1.73 m?) 76.4£19.3 74.9£18.6 73.5£19.2 <0.001
Medications (%)
Multiple Drug Therapy 59.1 71.2 71.6 -
Insulin 31.5 42.1 45.2 -
Metformin 86.8 97.0 88.8 -
Any sulfonylurea 40.3 31.8 33.5 -
Any DPP-4 inhibitor 1.1 1.5 5.1 -
Atorvastatin 83.6 95.3 96.5 -
Rosuvastatin 1.1 1.1 1.1
Antihypertensive drug 59.7 60.5 58.8 -
Physical activity (%) | Active 38.4 39.2 39.0 0.523
Men
Age (years) 62.1£10.5 63.1£10.5 64.1+£10.5 -
Duration of diabetes (years) 9.4+7.4 10.4+7.4 11.4+7.4 -
WC (cm) 95.5+10.9 96.1+11.1 95.1+10.8 0.332
BMI (Kg/m2) 27.1+6.1 27.3+6.8 27.7%7.5 0.023
SBP (mmHg) 132.8+£20.7 132.0£19.1 133.3£18.7 0.691
DBP (mmHg) 78.1+11.3 77.9+10.3 78.0+10.6 0.906
10-Year ASCVD Risk Score 25.7+£18.2 25.8+18.4 27.6+19.0 0.001
10-Year ASCVD <%5 12.3(8.2-16.5) 9.9(6.1-13.7) 9.5(5.8-13.2) 0.090
Risk Score %5-7.5 4.9(2.2-7.7) 8.6(5.1-12.2) 6.2(3.1-9.2) 0.492
categories %7.5-20 25.9(20.4-31.5) 22.6(17.3-27.9) 23.5(18.1-28.8) 0.356
% (95% CI) >9%20 56.8(50.5-63.1) 58.8(52.6-65.1) 60.9(54.7-67.1) 0.059
FBS (mg/dL) 170.4+71.4 148.2+50.8 149.0+58.0 <0.001
2hPP (mg/dL) 238.5+£98.1 216.7+£83.2 213.5+£83.2 <0.001
HbA1C (%) 7.86£1.92 7.34£1.53 7.39£1.55 <0.001
Creatinine (mg/dl) 1.12+0.29 1.12+0.31 1.11+0.30 0.610
¢GFR (ml/min/1.73 m?) 77.8+19.3 77.7+20.5 77.4+19.9 0.704
Medications (%)
Multiple Drug Therapy 50.5 73.0 74.2 -
Insulin 31.3 41.3 45.4 -
(Continued)
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Table 1. (Continued)

Metformin

Any sulfonylurea

Any DPP-4 inhibitor
Atorvastatin
Rosuvastatin
Antihypertensive drug
Physical activity (%)

? Data are mean + SD

Active

Visit 1 Visit 2 Visit 3 P-trend
78.3 94.5 87.1 -
39.3 37.9 36.7 -

1.9 2.6 9.1 -
82.4 96.1 96.4 -
1.1 1.1 1.1

54.3 55.8 54.0 -
46.4 47.8 47.5 0.318

WC:waist circumference; BMI:body mass index; SBP:systolic blood pressure; DBP:diastolic blood pressure; FBS:fast blood sugar; 2hPP:2-hour postprandial

https://doi.org/10.1371/journal.pone.0293410.t001

Discussion

According to a study published in 2011, 11.9% of individuals aged 25-70 years had diabetes in
Iran [35]. The prevalence of dyslipidemia among patients with T2D was reported to be near
75% [13]. The abnormal levels of serum lipids can lead to cardiovascular disease, cancer, and
microvascular complications of diabetes [9-12]. Hence, we investigated trends in means of
serum lipid profile levels and prevalence of dyslipidemia in patients with T2D over three years.
This study shows changes in serum lipid levels and the prevalence of dyslipidemia during fol-
low-up visits and can elucidate whether the management was adequate for the patients.

In this study, mean serum TG, TC, LDL-C, and non-HDL-C levels had a significant down-
ward trend among patients with T2D (p-trend<0.01). Our findings are consistent with studies
conducted in this region. Among Iranian patients with diabetes, mean serum TC levels signifi-
cantly decreased from 1999-2018 [36]. Also, mean serum TG, LDL-C, and non-HDL-C levels
significantly reduced from 2007-2016 among patients with diabetes in Iran [37]. Among

Table 2. Trends in mean serum lipid profiles in patients with type 2 diabetes.

Women

TG (mg/dl)

TC (mg/dl)

LDL-C (mg/dl)
HDL-C (mg/dl)
Non-HDL-C (mg/dl)
AIP

Men

TG (mg/dl)

TC (mg/dl)

LDL-C (mg/dl)
HDL-C (mg/dl)
Non-HDL-C (mg/dl)
AIP

* Data are mean + SE

Visit 1

172.6+4.4°
173.6£2.0
95.7+1.5
45.8+0.5
127.7£2.0
0.54+0.01

155.6+5.7
165.4+2.6
92.9+2.0
41.8+0.7
123.5£2.6
0.51+0.01

95% CI Visit 2 95% CI Visit 3 95% CI P-trend
164.1-181.2 157.2+3.6 150.3-164.2 155.7+£3.7 148.5-163.0 <0.001
169.7-177.6 165.1£1.8 161.6-168.7 163.7£1.8 160.2-167.2 <0.001

92.7-98.7 88.8+1.4 86.2-91.6 89.6x1.7 86.4-93.0 0.005
44.9-46.9 47.0+0.6 45.8-48.4 46.2+0.5 45.2-47.3 0.580
124.0-131.6 118.0£1.7 114.6-121.4 117.4+1.7 114.1-120.8 <0.001
0.52-0.56 0.48+0.01 0.46-0.51 0.49+0.01 0.47-0.52 <0.001
144.5-166.8 139.9+4.6 130.9-149.0 135.6+4.8 126.2-145.1 0.001
160.3-170.7 153.0+2.4 148.4-157.7 147.3+2.3 142.8-151.9 <0.001
89.0-96.9 82.3+1.8 78.8-85.9 81.2+2.2 76.9-85.5 <0.001
40.6-43.2 43.3+0.8 41.7-45.0 42.4+0.7 41.1-43.9 0.418
118.5-128.6 109.6+2.3 105.2 104.8+2.2 100.5-109.2 <0.001
0.49-0.55 0.46+0.01 0.44-0.50 0.46+0.01 0.43-0.49 <0.001

TG: triglyceride; TC: total cholesterol; LDL: low-density lipoprotein; HDL: high-density lipoprotein non-HDL: non-high-density lipoprotein (TC minus HDL-C); AIP:

atherogenic index of plasma (log (TG/HDL-C))

https://doi.org/10.1371/journal.pone.0293410.t002
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Fig 1. Trends in mean serum lipid profiles in patients with type 2 diabetes. TG: triglyceride; LDL: low-density
lipoprotein; HDL: high-density lipoprotein; non-HDL: non-high-density lipoprotein (Total cholesterol minus HDL-C);
AIP: atherogenic index of plasma (log (TG/HDL-C)).

https://doi.org/10.1371/journal.pone.0293410.9001

diabetic adults in the USA, mean TC significantly decreased from 2003-2012 [25]. Significant
decreases were reported in non-HDL-C and TC levels in patients with diabetes mellitus with-
out atherosclerotic cardiovascular disease in the USA from 1999-2016 [23]. Additionally, an
analysis of patients with diabetes from 2007 to 2018 in the USA showed that TG, TC, and
LDL-C decreased significantly [38].

We also found favorable trends in the prevalence of high TG, high TC, high LDL-C, and
high non-HDL-C (P-trend<0.01). Among adults in China, the prevalence of high LDL-C sig-
nificantly decreased from 2009-2015; high TC and high TG showed no significant changes in
this study. They suggest several reasons for these changes, including improvement of eco-
nomic and health awareness and more investment in medical and health services [22]. The
prevalence of high TG declined in the adult population in the USA from 1999-2010 [39].
Increasing trends in the prevalence of high TC and high LDL-C and no significant changes in
the prevalence of high TG and high non-HDL-C were reported in Korean adolescents. Dietary
fat or dairy consumption changes have been reported as possible reasons for this trend [21].
Among adults with newly diagnosed T2D in China from 2003-2012, the prevalence of TC had
significantly increased. However, no significant changes were observed in the trend of high
TG and high LDL-C prevalence [40].
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Table 3. Trends in the prevalence of dyslipidemia in patients with type 2 diabetes.

Visit 1 95% CI Visit 2 95% CI Visit 3 95% CI P-trend
Women
TG >150 mg/dl %52.0 ° %47.5-56.5 %46.3 %41.9-50.7 %42.2 %37.8-46.6 <0.001
Total Cholesterol >200 mg/dl %24.8 %21.0-28.6 %15.4 %12.3-18.5 %15.8 %12.7-18.9 <0.001
LDL-C >70mg/dl %77.2 %73.3-81.1 %71.2 %67.0-75.4 %71.9 %67.6-76.1 0.028
HDL-C (<40 in men, <50 in women) %68.0 %63.7-72.4 %64.8 %60.4-69.2 %69.5 %65.2-73.8 0.559
Non-HDL-C >130 mg/dl %42.1 %37.6-46.6 %33.8 %29.6-38.0 %30.9 %26.9-35.1 <0.001
AIP >0.24 %389.8 %86.8-92.7 %384.4 %381.2-87.7 %385.5 %382.2-88.8 0.023
Men
TG >150 mg/dl %39.2 %33.4-45.0 %33.1 %27.3-38.9 %30.6 %24.9-36.3 0.008
Total Cholesterol >200 mg/dl %18.9 %14.0-23.9 %10.2 %6.1-14.2 %9.4 %5.4-13.5 <0.001
LDL-C >70mg/dl %73.0 %68.0-78.1 %62.9 %57.5-68.4 %61.2 %55.7-66.6 0.001
HDL-C (<40 in men, <50 in women) %44.6 %39.0-50.2 %43.2 %37.5-48.9 %42.1 %36.5-47.7 0.449
Non-HDL-C >130 mg/dl %41.1 %35.2-46.9 %26.5 %21.1-32.0 %23.3 %18.0-28.6 <0.001
AIP >0.24 %84.5 %380.7-88.4 %384.9 %380.6-89.1 %83.1 %78.8-87.3 0.565

* Data are prevalence (%)
TG: triglyceride; LDL: low-density lipoprotein; HDL: high-density lipoprotein non-HDL: non-high-density lipoprotein (Total cholesterol minus HDL-C); AIP:
atherogenic index of plasma (log (TG/HDL-C))

https://doi.org/10.1371/journal.pone.0293410.t003

The significant downward trends in the prevalence of dyslipidemia patterns and the mean
values of TG, TC, LDL-C, and non-HDL-C in this study may be caused by lifestyle modifica-
tion or lipid-lowering drugs. Also, diabetes management and improved blood glucose control
may have facilitated this process [41]. Due to the availability and low price of lipid-lowering
medications, adults with T2D had a high rate of adherence to statins in the current study.
Regarding enhanced access to social media, socioeconomic groups’ awareness of medical
issues has increased in past decades worldwide [42]. As a result, dyslipidemia has received
more attention, and patients are more interested in their lipid profile evaluation during fol-
low-up visits.

Earlier studies have shown that low HDL-C is common among the Iranian population,
both with and without diabetes [43]. On the other hand, impaired HDL-C serum levels have
been shown to elevate the risk of cardiovascular disease and other conditions, including cancer
[44, 45]. In this study, mean serum HDL-C levels did not significantly change in women and
men (The p-trend in men and women was 0.418 and 0.580, respectively). Studies on trends in
HDL-C levels are controversial. In US adults, mean HDL-C remained constant over the ten
years [24]. Also, no significant changes were noted in HDL-C levels in adults with diabetes in
the USA from 1999-2016 [23]. In addition, Chen et al. showed no significant changes in
HDL-C levels in patients with diabetes in the USA from 2007-2018 [38]. However, Mercado
et al. reported that mean HDL-C significantly decreased among diabetic adults taking choles-
terol-lowering medication in the USA [25]. Malekzadeh et al. reported an adverse trend in
HDL-C levels among Iranian patients with diabetes [37].

In this study, no significant changes were observed in the prevalence of low HDL-C over the
study period. As with trends in HDL-C levels, reports on trends in the prevalence of low
HDL-C are arguable. An overall decline in the prevalence of low HDL-C among adults in the
general population in the USA has been observed [39]. Among newly diagnosed T2D patients
in China, the prevalence of low HDL-C increased significantly [40]. Moreover, an increasing
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Fig 2. Trends in the prevalence of dyslipidemia in patients with type 2 diabetes. TG: triglyceride; LDL: low-density
lipoprotein; HDL: high-density lipoprotein; non-HDL: non-high-density lipoprotein (Total cholesterol minus HDL-C);
AIP: atherogenic index of plasma (log (TG/HDL-C)).

https://doi.org/10.1371/journal.pone.0293410.9002

prevalence of low HDL-C among adults in China has been reported [22]. In contrast, the preva-
lence of low HDL-C decreased significantly among adolescents in Korea from 2007-2018 [21].

McTaggart et al. reported increased HDL-C levels by 4-10% after statin treatment in a
review article published in 2008 [46]. Even a 2.8% decrease in HDL-C after statin treatment
has been reported [47]. A study among European patients treated for dyslipidemia showed
that despite lipid-modifying treatment, the prevalence of low HDL-C was more than 30% [48].
Vaisar et al. showed that HDL-C is a complex mixture of proteins that function in lipid metab-
olism (22 proteins), proteinase inhibition (8 proteins), complement activation (6 proteins),
and the acute-phase response (23 proteins) [49]. HDL-C is a relatively stable molecule and has
fewer fluctuations. Impaired HDL-C function has been reported in T2D [50]. Unlike other
serum lipid profile components, therapeutic efforts aim to increase HDL-C, although the pub-
lished literature does not show promising success in this case [23-25, 37].

Also, we investigated the trend of AIP, which, despite its high prevalence in patients with
T2D [51], has not been studied yet. AIP has been shown to predict cardiovascular risk better
than its components alone (TG, HDL-C) [34]. There was a significant downward trend in the
mean values of AIP in women and men. The prevalence of high AIP in women decreased sig-
nificantly. No significant change was observed in the prevalence of high AIP in men. Although
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mean levels and prevalence have decreased, values remained high, and AIP should therefore
be considered a critical lipid disorder.

In the current study, the 10-year ASCVD risk score showed a significantly increasing trend
in women and men. The prevalence of low 10-year ASCVD risk (<5%) was significantly
reduced in women, while it was non-significantly decreased in men. However, the proportion
of high-risk (>20%) patients increased significantly in women and non-significantly in men
over the study period. Our findings are consistent with previous studies [52, 53]. Ling et al.
showed that the prevalence of high ASCVD risk had an increasing trend in patients with T2D
[52]. Another study found that the ASCVD risk score and the proportion of high-risk partici-
pants increased from 1999 to 2018 in the United States [53].

The success rate of dyslipidemia treatment was also assessed in the current study. A total of
17.8% of patients achieved blood lipid goals, including TG<150 mg/dl, TC<200 mg/dl,
LDL-C<70 mg/dl, and non-HDL-C<130 mg/dl over the study period. Studies on achieving
ABC goals in diabetes have focused primarily on LDL-C control [54]. The overall control rate
of LDL-C and non-HDL-C among patients with T2D in China has been reported at 43.1% and
19.8%, respectively [55]. Among patients with T2D in Iran, the achievement of LDL-C <100
mg/dl was 48.1% [56]. In the current study, patients were from a tertiary care hospital. This
may be a factor in the low success rate in the present study. Also, achieving a normal lipid pro-
file, including TG< 150, TC<200 mg/dl, LDL-C<70 mg/dl, and non-HDL-C<130 mg/dl, may
be difficult.
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A key strength of the current study was that in addition to TG, LDL-C, and HDL-C, which
are usually emphasized as diabetic dyslipidemia, we also studied the trends of non-HDL-C and
AIP.

There are several limitations to this study:

1. The study period was only three years.

2. Patients who were followed up on their regular visits for three years may have been more
compliant with treatment and lifestyle modification than patients who did not.

3. The number of patients was relatively small.

Conclusions

A decreasing trend was observed in the mean level and prevalence of TG, TC, LDL-C, non-
HDL-C, and AIP. HDL-C did not change significantly. The success rate in achieving a com-
plete normal lipid profile during follow-up years was not promising and continues to be
challenging.
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