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ABSTRACT

Objective: There is lack of data regarding lipid patterns and the relationship of the atherogenic index of plasma (AIP with glycemic control in
Malaysian diabetes patients. This study aimed to assess the lipid patterns and association of AIP with HbAlc in diabetes patients at a tertiary care
hospital in Malaysia.

Methods: The study was conducted on 72 diabetes patients who were randomly chosen and agreed to participate in the study. AIP values were
calculated using log triglycerides/high-density lipoprotein (TG/HDL) ratio. Data were analysed using SPSS 23.

Results: Mean age and body mass index (BMI) of the participants were 56.88+8.89 (years) and 28.81+4.78 (kg/m?) respectively.
Hypercholesterolemia, hypertriglyceridemia, high low-density lipoprotein (LDL) values were found in 55.5 %, 41.7 %, 45.5 % of total participants
respectively and less than desirable HDL values were observed in 25% of total participants. Overall, 37.5% patients were categorised into high-risk
AIP category. BMI categories had a significant association with AIP category (p = 0.05). There was a significant positive correlation of AIP with
HbA1lc (r = 0.34; p = 0.0 04). HDL was negatively correlated with AIP (r = 0.27; p = 0.02). Duration of diabetes and ethnicity showed no significant
association with AIP risk values.

Conclusion: Diabetes patients in this study exhibited significant lipid abnormalities with increased AIP. AIP was significantly correlated with

HbAlc.
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INTRODUCTION

Presence of type 2 diabetes is associated with two to four folds
increased risk of coronary heart disease (CHD) [1] and leads to
decreased quality of life. The gravity of the CHD risk in diabetes was
demonstrated in a study which concluded that “diabetes without
prior myocardial infarction and prior myocardial infarction without
diabetes indicate similar risk for CHD death in men and women” [2].
The National Cholesterol Education Program (NCEP) guidelines
classify diabetes mellitus as a coronary artery disease “risk
equivalent” therefore diabetes is considered an important risk factor
for CHD [3]. Insulin resistance is a core defect in diabetes mellitus
that contributes to the development of lipid abnormalities by
altering the enzymatic pathways and key enzymes in lipid
metabolism, therefore, increasing the risk of CHD [4].

Diabetic atherogenic lipoprotein profile that develops as a result of
dyslipidemia is characterised by a high ratio of low-density
lipoprotein cholesterol (LDL-C) to high-density lipoprotein
cholesterol (HDL-C) and increased level of triglycerides (TG’s) [3]. A
number of lipoprotein ratios have been wused to predict
cardiovascular disease (CVD) risks such as LDL cholesterol/apoB
ratio, non-HDL cholesterol/HDL cholesterol ratio, apolipoprotein
B/apolipoprotein A-I ratio, total cholesterol (TC)/HDL cholesterol
and LDL/HDL cholesterol ratios [5]. The atherogenic index of plasma
(AIP) is a relatively new indicator of plasma atherogenicity used to
predict the risk of CHD and defined as the logarithm of the ratio of
plasma triglyceride to HDL-C levels. It is derived from precise
measurements of atherogenic lipoprotein profiles namely fractional
esterification rate HDL (FERHDL) and LDL particles size and can be
used widely as TG and HDL measurements are commonly available
[6]. AIP values of<0.1 are associated with low cardiovascular risk,

values between 0.1 and 0.24 are related to medium cardiovascular
risk, and>0.24 are related to high cardiovascular risk [7].

Reports on CVD-related mortality in Malaysia showed that CVD
contributed to the 32 % of total deaths caused by non-
communicable diseases (WHO 2011) [10]. In 2010, 25.4% of deaths
in Malaysian government hospitals were caused by cardiovascular
diseases and it was the leading cause of the premature deaths with
about 35% of CVD-related deaths in occurring in the age group
below sixty [11]. Although diabetes is a significant risk factor for
CVD in Malaysia, there is a paucity of data on lipid profile patterns
and API studies amongst diabetes patients in local healthcare setup.
Studies that investigate the lipid patterns, the association between
glycemic control, AIP and patients’ characteristics can facilitate the
understanding of CHD risk in indigenous diabetes patients. The aim
of this study was to evaluate the lipid patterns and association
between HbAlc and AIP values in type 2 diabetes patients at a
tertiary care hospital in Malaysia.

MATERIALS AND METHODS

The present study analysed the data of diabetes patients from a
randomised controlled study conducted at a tertiary care hospital in
Malaysia [12]. The study was approved by the University
Kebangsaan Malaysia’s research ethics committee (UKMREC) (Ref
No. UKM 1.5.3.5/244/NF-018-2012). Patients recruited were
indigenous Malaysians who agreed to be part of the study and
signed the consented forms. Dyslipidemia was defined using
National Cholesterol Education Program - Adult Treatment Panel III
(NCEP - ATP III). Body mass index (BMI) was derived from weight
and height of the participants and BMI categories were based on
WHO classification. Healthy weight category had BMI values 18.50-
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2499 kg/m? Overweight category range was 25 - 29.99
kg/m?and obesity was categorised as having = 30 kg/m2BMI
values. Data were entered and analysed using SPSS version 23.
For descriptive analysis, sociodemographic and clinical data of
participants were presented as a percentage, mean and standard
deviations. Pearson’s correlation test was performed to assess
the various correlations and independent sample T-Test and
ANOVA were applied to compare means between various groups.
Pearson’s chi-square and Fisher exact test were performed to
find out the correlation between categorical variables. All
necessary statistical assumptions were checked and compiled
before running all SPSS tests. Missing data were imputed using
SPSS imputation command.

HbA1lc was used as an outcome to study the glycemic control of
the participants. Currently, it is the best marker to reflect the
glycemic control of the diabetes patients during the past 6 to 8
w. The value of HbA1lc correlates well with the circulating blood
glucose levels [13].

AIP was calculated by using base 10 logarithms of the ratio of TG to
HDL, formula = log (TG/HDL). Patients were classified into
low/medium risk and high-risk group based on their AIP values.
Low/medium risk group included participants with AIP values less
than 0.24 and the high-risk group had participants with AIP values
more than 0.24 [7].
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RESULTS

Our study included a total of 72 diabetes patients, of which 41
percent were male and 58.3 percent were female. Mean age of the
participants was 56.88+8.89 y. The mean BMI for the participants
was 28.81+4.78 kg/m?; 27 patients in our study were classified as
obese according to WHO classification (BMI>30 kg/m?). Among the
72 participants, 41 were Malay, 17 were Indian and 14 were
Chinese. No significant differences in lipid profiles of the patients
were found between male and female participants. Results of HbAlc
assay showed only 9 patients had a controlled value of less than 7
percent. Table 1 and 2 entail the detailed results of demographic and
biochemical profiles of the patients. Among all the participants,
hypercholesterolemia was found in 55.5 %, high LDL values in
45.5 %, less than desirable HDL values in 25%, and
hypertriglyceridemia in 41.7 % of the total participants. Table 3
shows the results of correlation analysis of glycaemic control and
lipid profiles. There was a significant and positive correlation
between AIP values, triglycerides and HbAlc values. HDL profile
had a negative correlation with HbAlc (p-value = 0.054). Analysis
of lipid parameters using ANOVA revealed there were no
significant differences in lipid parameters amongst ethnicities.
Sub-analysis of BMI groups indicated non-significant differences
between glycaemic control of the patients in three categories
(healthy weight = 9.23+1.22, overweight = 9.12+1.68, obese =
8.63+1.49; p = 0.32).

Table 1: Demographic characteristics of the participants and their classification according to AIP values

Characteristics All (n=72) Low/med risk (n = 45) High risk (n =27) tTotal P value
45 (62.5%) 27 (37.5 %)

Age (y) 56.88+8.89 56.51+8.46 57.70+9.77 0.58

Gender

Male 30 (41.7 %) 16 (53.3 %) 14 (46.7 %) 100 % 0.22

Female 42 (58.3 %) 29 (69 %) 13 (31 %) 100 %

BMI (kg/m?) 28.81+4.78 28.66%4.26 28.90+5.64 0.83

Healthy 22 (30.6 %) 11 (50 %) 11 (50 %) 100 % 0.05"

Over weight 23 (31.9 %) 19 (82.6 %) 4 (17.4 %) 100 % (X?=5.99)

Obese 27 (37.5 %) 15 (55.6 %) 12 (44.4 %) 100 %

Ethnicity

Malay 41 (56.9 %) 22 (53.7 %) 19 (46.3 %) 100 % 0.12

Indian 17 (23.6 %) 14 (82.4 %) 3(17.6 %) 100 %

Chinese 14 (19.4 %) 9 (64.3 %) 5(35.7 %) 100 %

Duration of diabetes (y)

<5 18 (25.0 %) 12 (66.7 %) 6 (33.3%) 100 % 0.64

5to 10 27 (37.5 %) 18 (66.7 %) 9 (33.3 %) 100 %

More than 10 27 (37.5 %) 15 (55.6%) 12 (44.4%) 100 %

“Statistically significant at p < 0.05; values are expressed as mean*SD for age and BMI and their p values are derived from T-test; other p values are
from Pearson’s chi square test; med = medium, *Total column contains the percentages of low/medium risk and high risk columns added together,

Number of experiments (n = 1)

Table 2: Lipid profiles parameters categorized by AIP risk values

Characteristics All (n=72) Low/med risk (n = 45) High risk (n = 27) tTotal P value
HbAlc % 8.92+1.53 8.84+1.40 9.18+1.63 0.35

<7 9 (12.5 %) 6 (66.7 %) 3(33.3%) 100 % 0.78

>7 63 (87.5 %) 39 (61.9 %) 24 (39.1 %) 100 %

TC mmol/1 5.28+1.45 5.15+1.42 5.53+1.51 0.29
<5.2 40 (55.5 %) 28 (70 %) 12 (30 %) 100 % 0.14
>5.2 32 (45.5 %) 17 (53.1 %) 15 (46.9 %) 100 %

LDL mmol/1 3.11+1.22 3.03%£1.28 3.27+1.13 0.42
<2.6 32 (45.5 %) 23 (71.9 %) 9(28.1%) 100 % 0.14
>2.6 40 (55.5 %) 22 (55%) 18 (45 %) 100 %

HDL mmol/1 1.37£0.40 1.52+0.35 1.09+0.32 <0.0001"
>1 54 (75 %) 39 (72.2 %) 15 (27.8 %) 100 % <0.0001"
<1 18 (25 %) 6 (33.3 %) 12 (66.7 %) 100 %

TGs mmol/1 1.69+0.99 1.27+0.46 2.50+1.08 <0.0001"
<17 42 (583 %) 37 (88.1 %) 5(11.9 %) 100 % <0.0001"
>1.7 30 (41.7 %) 8 (26.7 %) 22 (73.3 %) 100 %

“Statistically significant; values are reported as mean+SD and percentages; TC = total cholesterol; med = medium, *Total column contains the

percentages of low/medium risk and high risk columns added together, Number of experiments (n = 1).
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Table 3: Lipid profiles parameters characterized by the gender

Parameter Targets Means values P value
Males Females

Age (years) 58.66+7.00 55.74+9.98 0.17

TC mmol/1 <5.2 5.05+1.29 5.47+1.55 0.23

LDL mmol/1 <2.6 2.93+0.96 3.25+1.38 0.28

HDL mmol/1 1.28+0.34 1.42+0.43 0.16

Males >1

Females >1.2

TG mmol/l <1.7 1.74+1.06 1.73+0.89 0.97

HbAlc % <7% 9.07+1.68 8.89+1.35 0.63

BMI (kg/m?) 28.63+5.62 28.83+4.18 0.86

Number of experiments (n = 1); values are expressed as mean+SD

Table 4: Correlation studies between the blood glucose and serum lipid profile variables of the participants

Parameter HbA1lc r (P value) BMI r (P value)
API 0.34"(0.004) 0.11 (0.36)

TC 0.10 (0.39) -0.12 (0.31)
LDL 0.98 (0.41) -0.14 (0.25)
HDL -0.23 (0.054) 0.07 (0.52)

TG 0.277(0.02) -0.13 (0.29)
BMI -0.257(0.04)

“Statistically significant at p < 0.05; r = Pearson’s correlation coefficient

DISCUSSION

In our study 58.3% of total participants were females and 41.7 % were
males. Women with diabetes have a higher risk for cardiovascular
complications; the risk of fatal CHD is 50 % greater in female diabetes
patients than their male counterparts [14]. However, in our study
subanalysis revealed a higher percentage of total females (69 %) in
low risk group and a higher proportion of total males (53.3 %) in high-
risk group. In view of the observation that values of AIP correlated
positively with the HbAlc value in our study (table 4), a greater
percentage of males in the high-risk group can be attributed to a
higher mean HbA1c value in males compared to the females (table 3).

The analysis in table 2 shows the values of total cholesterol, HDL,
and LDL were higher in females compared to their male
counterparts; however, the difference did not reach statistical
significance. This finding is similar to the previous studies reporting
higher mean values of the aforementioned lipid variables in females
[15, 16]. The lipoprotein metabolism variations during the course of
men and women'’s lives present as the differences in CHD risks at
various stages of life. The lipoprotein differences between both the
sexes are hypothesised to be partially responsible for the lower risk
of cardiovascular events observed in premenopausal women as
compared with similarly aged men [17]. However, postmenopausal
women are reported to have different and more atherogenicity
prone lipid profiles than premenopausal women [18]. In our study
the mean age of women fell in the postmenopausal range (more than
40 y) therefore raised lipid parameters may be explained by post-
menopausal changes together with a better glycemic control in
females than the male counterparts in this study (although the
difference was statistically non-significant).

Duration of diabetes and ethnicity showed no significant association
with AIP risk values. Previous studies reveal mixed results; some
showed no or little role of diabetes duration in determining the risk
of dyslipidemia and CHD [19, 20], others demonstrated a positive
correlation of duration with CHD risk [21, 22]. Previously, Davis et
al. and Zhang et al. found important ethnic differences in lipid
profiles of diabetes patients, their results showed distinct patterns of
lipid profiles amongst various ethnicities [23, 24]. In the past,
Malaysian studies showed mixed results with some studies showing
no significant ethnic preference for dyslipidemia in diabetes patients
[25, 26] and others reporting a significant preference [27, 28].
Regarding AIP, studies that evaluate the AIP amongst Malaysian
ethnicities are unavailable for comparison due to paucity of data. We

recommend more such studies to ascertain the ethnic differences in
CHD risks using AIP values.

Of the total 72 patients, 45 (62.5 %) were categorized as medium/low
risk and 27 (47.5 %) as high risk patients. Correlation analysis showed a
significant positive relationship between HbAlc and AIP values. These
results suggest an association between the appearance of increased CHD
risk and hyperglycaemia. It may be hypothesised that worsening of
glycemic control reflected by HbAlc may also independently reflect the
increased CHD risk. It supports the previous data regarding the use of
HbAlc as a potential biomarker of CHD risk [16]. The results are in
agreement with previous studies that found a similar association
between glycemic control and cardiovascular risk predicted by lipid
profiles [16, 29]. High-risk group had a higher HbAlc value (9.18) than
low risk group (8.84). Amongst the patients with<7 % HbAlc, 66.7 % fell
in the low/medium risk category compared to 61.9 % of patients with>7
% HbA1c in the same category. However, both these differences were
statistically non-significant. One reason for non-significance could be the
small proportion of patients with<7 % HbA1c, only 9 patients in total
had maintained the target of<7 % HbA1c. These observations reaffirm
that a better glycemic control in diabetes leads to a better lipid profile,
therefore, decreasing the CHD risk.

In our study, overweight patients significantly took dominance in
low risk category and there was no significance correlation between
AIP, TC, HDL, LDL, TG, and BMI. On the contrary, other studies have
shown a positive correlation of BMI with AIP and/or lipid profiles
[30, 31]. As part of the routine care, the patients in the present study
setting were referred to a dietician if they experienced difficulties
with their weight control. The more favourable AIP risk scores of
overweight patients in our study can be partially explained by the
advised lifestyle changes and diet modifications delivered by their
dietician in view of their increasing weights. Further sub analysis
revealed that there was a negative correlation between glycaemic
control and BMI in the present study, patients in healthy weight
category had the highest HbAlc (healthy weight = 9.23+1.22,
overweight = 9.12+1.68, obese = 8.63+1.49; p = 0.32). Although the
difference was non-significant, it supports our notion that patients in
overweight and obese categories received a relatively intense advice
to control their disease. It is not unlikely that overweight patients
would be more concerned about their health risks than healthy
weighing patients and would seek lifestyle advice more actively.
However, obesity is an established risk of coronary heart disease
and patients should be advised to maintain a healthy BMI regardless
of their risk scores calculated at one point of time only.
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Our results reflect that most common lipid abnormality in the
participants was LDL elevation (55.5%) followed by TC (45.5%) and
TG elevation (41.7%). Reduced HDL was observed in 25% patients.
These results are supported by the previous studies that
demonstrated lipid abnormalities in diabetes patients [27, 19, 29,
16]. As shown in table 2, TC and LDL values were higher in the high-
risk category than low/medium risk category although the
difference was not statistically significant (p = 0.42). There is a
possibility that substantial differences might not have been detected
due to the inadequacy of sample size. This observation shows more
studies with larger sample size should be conducted at multiple
centres to evaluate the results with more statistical power. Among
these parameters, only TG was significantly correlated with HbAlc
in our study. HDL showed a negative correlation with HbAlc but p
value failed to reach statistical significance (p = 0.054). This suggests
that association of CHD risk and glycemic control can be reflected by
the log (TG/HDL) ratio apart from individual lipid parameters.
Recent studies have supported the usefulness of AIP value to predict
CVD risk and shown it to be a reliable predictor of CHD [30, 31]. The
presence of lipid abnormalities renders the diabetes patients more
prone to cardiovascular risk and cerebrovascular diseases;
therefore, it is essential that diabetes patients and caregiver work
together to chalk out appropriate interventions for the management
of dyslipidemia. In addition, previous studies have provided
evidence that the cost of diabetes with complications produces
almost double burden compared to the presence of diabetes alone
[32]. Better management of dyslipidemia can prove helpful in
reducing the healthcare burden.

Limitations of the study

This study had certain limitations; there was no investigation of the
influence of various confounding factors on the correlation of HbAlc
with AIP. This study had the relatively smaller sample size and
included the majority of poorly controlled diabetes patients. Studies
with improved experimental design, a control group and larger
sample size must be conducted in future to further investigate the
associations observed in the present study. However, it can serve as
the pilot study for such investigations.

CONCLUSION

Lipid abnormalities are frequently found in diabetes patients and
are associated with increased risk of CHD. The most common lipid
abnormality in the participants was LDL elevation (55.5%) followed
by TC (45.5%) and TG elevation (41.7%). AIP is a relatively new CHD
risk predictor; our findings indicated that according to AIP
categorization 37.5% participants were at a high risk of CHD in the
present study. AIP was significantly correlated with HbA1lc values in
diabetes patients. Overweight patients took dominance in the low
risk category. No association was observed between duration, age,
ethnicity and AIP values.
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