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AN OBSERVATIONAL CASE CONTROL STUDY TO ASSESS THE CAROTID INTIMA-MEDIA THICKNESS WITH LIPID PROFILE AMONG TYPE 2 DIABETICS


ABSTRACT    
Background: Type 2 diabetes Mellitus (T2DM) and dyslipidemia work synergistically to cause increased intima-media thickness (IMT), atherosclerosis and acute vascular events. Relating IMT to serum cholesterol levels in our environment can help in predicting patients at risk of plaque formation. 
Materials and method: Ultrasound of both carotid bulbs and the common carotid arteries were carried out on T2DM patients and controls using ultrasound machine with high frequency linear transducer. Fasting serum cholesterols were collected and estimated. The data was analysed using SPSS version 25.0. Descriptive analysis, crosstabulation, independent samples t-tests, and Pearson correlation tests were carried out. P values ≤ 0.05 were considered statistically significant.
Results: There is dyslipidemia in 90.4% of the T2DM group, with 87.7% of the patients with dyslipidemia having reduced high density lipoproteins(HDL). Significant difference in means is noted between T2DM patients and the controls with regards to serum total cholesterol(TC) (P=0.04), triglyceride(TG) (P = 0.011), HDL (P = 0.019), but not with low density lipoproteins (LDL) (P = 0.694). IMT was thickened in 89.0% of the T2DM group; CIMT was significantly thicker among the cases in all the measured carotid vessels (P ≤0.05). Atheromatous plaque was present in 46.9% of the T2DM patients with CIMT thickening. No plaque was seen in the control group but 44.6% of the cases had plaques. Among those with plaques, IMT was thickened in  90.9%, while both dyslipidemia and thickened IMT were present in 87.9%. There was significant correlation between RtCCAIMT vs HDL(P = 0.040), LtCCAIMT vs LDL(P = 0.050), and between LtCB vs LDL(P = 0.025), but not between the lipid profile and the size of the plaque.
Conclusion: The findings support the utility of ultrasonographic measurement of CIMT as a means of early cardiovascular risk assessment in T2DM patients with dyslipidemia.
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 INTRODUCTION 
Diabetes mellitus (DM) is a metabolic disease marked by elevated blood sugar which may be due to insufficient insulin production or resistance to insulin1-4. It is classified into types 1 and 2. Type 1 DM (T1DM) is sometimes called insulin dependent DM (IDDM) and is said to be of childhood or juvenile onset, while type 2 DM (T2DM) is sometimes called noninsulin dependent DM (NIDDM) and is said to be of adult onset1-4. Type 2 diabetes mellitus (T2DM) is commoner than type 1, having a prevalence of 9.3% of DM worldwide. In Nigeria, it has a pooled prevalence of 7.0% and accounts for ˃90% of cases of DM5-6. In 2017, it was said to have a world-wide prevalence rate of 6059 cases per 100,000 and this was projected to increase to 7079 individuals per 100,000 by 20307. 
Atherosclerosis is a chronic disease characterized by progressive thickening and hardening of arterial walls due to accumulation of lipids, inflammatory cells and fibrous tissues.  Arterial intima injury leads to accumulation of lipid deposits under the intima, this results in atherosclerosis, vascular wall calcification and decreased compliance of the vessel8-11. The hallmark of arthrosclerosis is the formation of atheromatous plaque. Thus, atherosclerosis is the precursor of plaque formation. A plaque may be defined as a localized protrusion of the internal part of the vessel wall into the lumen with a thickness of >1.5 mm between the intima-lumen and media-adventitia interface12. 
Atherosclerosis is a disease of large and medium sized arteries like carotid arteries and the coronary artery5. The plaques so developed may grow and narrow the arterial lumen or may rupture, leading to thrombus formation. Either of these may result in acute cardiovascular events like myocardial infarction or stroke10,13. The predisposing factors to atherosclerosis include diabetes mellitus (both types 1 and 2), high cholesterol, hypertension, smoking and genetic factors5,10,13,14. Both T1DM and T2DM are said to constitute major and independent risk factors for atherosclerosis, plaque formation and atherosclerotic cardiovascular disease14.
A major aetiopathogenetic pathway of atherosclerosis in DM is through metabolic syndrome which results in hyperlipidemia. T2DM is said to be more strongly linked to metabolic syndrome than T1DM and thus, has a higher disposition to hyperlipidemia. When hyperlipidemia exists with DM, the effect is synergistic, leading to worsening atherosclerosis, more extensive and aggressive atheromatous plaque formation, increased plaque instability, with more likelihood of rupture and cardiovascular events10,15. 
Dyslipidemia may be defined as a fasting serum total cholesterol (TC) level of >5.17mmol/L, triglyceride (TG) level of >1.69mmol/L, low-density lipoprotein (LDL) level of >3.10mmol/L and a high-density (HDL) lipoprotein level of 0.90-1.55mmol/L16. 
Among the cholesterols, elevated LDL is said to play key role in atherosclerosis and plaque formation, hence some authorities refer to it as ‘bad cholesterol’; while elevated HDL is said to have protective effect and is referred to as ‘good cholesterol’ by some authorities17-18.

A worse prognostic combination of cholesterol levels is elevated LDL with elevated triglyceride (TAG) and lowered HDL. These lead to plaque formation, exacerbation of endothelial dysfunction and promotion of plaque progression and instability13,18,19, thus increasing the likelihood of acute cardiovascular events like myocardial infarction or stroke10,13,18,19. Apart from the traditional cholesterols (TC, TG, LDL and HDL), other non-traditional lipids are being implicated in atherosclerosis and cardiovascular events11.
 In a studies involving patients with ischaemic stroke, Nwafor et al. found the overall prevalence of dyslipidemia to be 97%, the most common form being reduced HDL (57.6%), followed by elevated LDL (21.2%)20; Gul et al21. found the percentage of dyslipidemia to be lower (55%); with elevated LDL  being the most common (70%), and Ammad et al22. found the frequency of hyperlipidemia to be 79%.

Among a group of healthy participants who underwent both screening lipid profile measurements and carotid ultrasonography, Minsoo et al23. reported the prevalence of dyslipidemia to be 28.2%. They further found the mean levels of TC, TG, HDL, and LDL as; 200.8±43.4 mg/dL(5.2±1.1mmol/L), 137.4±89.3 mg/dL  (1.6±1.0mmol/  L), 55.3±13.4 mg/dL(1.4±0.3mmol/L) and 122.5±36.3 mg/dL, (3.2±0.9mmol/L) respectively. 
Guo et al24. found the levels of TC, TG and LDL to be statistically higher in T2DM patients than control group, while level of HDL was statistically lower. Preetha et al25. found the lipid profile including TC, TG, and LDL to be higher and HDL to be lower, in diabetic stroke patients than non-diabetic stroke patients.

According to the report by Guo et al24., the intima-media thicknesses (IMT) of the internal carotid artery and bilateral common carotid arteries of the patients in the experimental group (diabetic group) were significantly thicker than those in the healthy control group. Gateva et al15. found higher incidence of dyslipidemia among patients with abnormal CIMT. Furthermore, Guo et al24., found significant positive correlation between TC, TG, and LDL with the mean IMT of bilateral common carotid arteries and negative significant correlation of HDL levels with the mean IMT of these carotid arteries. Some other authors also found positive correlation between CIMT and TC, TG, and LDL and negative correlation between CIMT and HDL26,27,28. 

Preetha et al25. reported the mean carotid intima media thickness (CIMT) to be significantly higher in diabetic stroke patients than non-diabetic stroke patients, Bettegowda et al29. and Mashaba et al28. reported the mean CIMT of diabetic subjects to be significantly higher than those of the nondiabetic subjects in their studies, and Preetha et al25. observed significant positive correlation between CIMT and TC and TG among diabetes stroke patients. In addition, Preetha et al25. found negative correlation between CIMT and TC, TG. HDL, and LDL among nondiabetic stroke patients. 
Both Minsoo et al23. and Zhuchao  et al30.  noted DM and dyslipidemia to be of significantly higher prevalence among those with  plaques than those without. Minsoo et al23. also reported triglycerides levels to be significantly higher, while HDL levels were significantly lower among the participants with carotid artery plaque. This is in agreement with the idea of low HDL predisposing to atherosclerosis and plaque formation. However, contrary to the findings of many, and to the concept of increased level of LDL being a predisposing factor; they found LDL levels to be significantly lower in the group with carotid artery plaques.

Because atherosclerosis causes progressive thickening and hardening of arterial walls, intima-media thickness (IMT) has been widely used as one of the parameters for assessing atherosclerosis31. Carotid artery atherosclerosis as measured by IMT is an independent risk factor for stroke and myocardial infarction. The presence of carotid artery plaque as well as the plaque morphology are also related to the risk of stroke31,32. Carotid IMT and plaque are thus recognized markers of subclinical atherosclerosis and strong independent predictors of future cardiovascular or embolic event risk33.
In asymptomatic DM patients, IMT is considered to provide a superior first line screening method for detecting cardiovascular and cerebrovascular complications34. Carotid artery ultrasound is a common imaging modality that is performed for the diagnosis/evaluation of carotid artery disease, notable among which are carotid artery atherosclerosis and carotid stenosis35. Both of these can be easily assessed using ultrasonography due to the superficial location of carotid arteries, as well as their relatively large size and their relative immobility33
For the purpose of this study, the main aim of carotid artery ultrasonography is to assess for carotid artery atherosclerosis by measurement of the CIMT and by detection of the presence, location and characteristics of carotid plaque. 

Increased CIMT is indicative of early atherosclerotic changes, whereas plaque presence is reflective of more advanced atherosclerotic process36. Both CIMT and carotid plaques can be measured during a single ultrasound examination and provide complementary prognostic information. The ready availability and relatively inexpensive advantage of ultrasound has encouraged several research works in the clinical use of CIMT measurement. Quantitative measures of plaques such as plaque number, plaque thickness, plaque area, and 3-dimensional assessment of plaque volume has been shown to be progressively more sensitive in predicting CV risk than mere assessment of plaque presence37.
This study aims to evaluate the carotid intima-media thickness among T2DM patients and correlate these values with the lipid profile as well as determine the presence, pattern, and size of carotid plaque among these patients.

METHODOLOGY
This is an observational hospital-based case-control study of 148 patients (74 diabetics and 74 healthy adults), conducted in the Radiology department of Nnamdi Azikiwe University Teaching Hospital (NAUTH), Nnewi, Nigeria. Serum cholesterol estimation was done by the Chemical Pathology department of the same hospital. NAUTH is a federal government owned tertiary referral hospital located in Nnewi, Nigeria. Ethical approval was obtained from the hospital’s ethics board (reference number: NAUTH/CS/66/VOL.15/VER.3/316/2021/097)

The diabetic group were selected from among the pool of known adult type 2 diabetic patients who visited the Endocrinology clinic of hospital, using simple random sampling method. The control group consisted of apparently healthy adults with no clinical history of diabetes mellitus who were asymptomatic of any clinical symptoms of diabetes mellitus. They were randomly selected from among patients’ relatives and staff of the hospital. The selected individuals were informed about the nature and purpose of the study and a written consent obtained prior to recruitment.
Relevant clinical history and information was obtained from the patient or relatives and recorded in a study data sheet. All recruited adult type 2 diabetic mellitus patients as well as those in the control group had blood fasting lipid profile done for them and also recorded in the study data sheet. Each selected individual was counseled on the ultrasonographic examination and written informed consent obtained before the scans. The selected individuals then had carotid ultrasound scans done and findings/measurements documented. 

The inclusion criteria included: known type 2 diabetes mellitus patients (for cases), age of 18 years and above for both type 2 diabetics and controls, and consent to be included. Those excluded from the study were patients with gestational diabetes, those who were unable to cooperate fully during the ultrasound examination as well as patients with established clinically symptomatic macro-vascular complication or in severe clinical state like acute stroke or myocardial infarction, and subjects who declined consent to participate in the study. 
A MindRay DC-32 Diagnostic Ultrasound System (Shenzhen, China, 2019) equipped with a curvilinear transducer (frequency 3.5 – 5MHz), a linear transducer (frequency 7 - 10MHz) and ultrasound coupling gel as well as  disposable tissue paper/wipe was used for this study.
Patient was positioned supine with the head slightly hyperextended. The patient’s head was turned to face opposite to the side at 45 degrees to be sonographically examined with the researcher comfortably seated at the patient’s side. A coupling gel was applied to the transducer scanning surface. Longitudinal and transverse views was done through an anterior, lateral and posterolateral approach. 
Carotid intima-media thickness (CIMT) was measured as the thickness of the double-line pattern of the far wall in a longitudinal image at right angle to the ultrasound beam, from the lumen-intima interface to the media-adventitia interface; at the carotid bulb and common carotid artery at least 1cm proximal to the carotid bifurcation. The CIMT measurements were done in a region free of plaque. Serial measurements were taken and averaged on the right and left side. The presence, number, echogenicity, thickness and surface of any carotid plaque visualized at the carotid bifurcation and the common carotid artery was noted. (See fig.1).  
All findings were carefully recorded in the study data sheet. Relevant images was saved and printed.
Data obtained from the study was recorded and entered into a Microsoft Excel spreadsheet. Data analysis was done using SPSS Version 25.0 (IBM Corp. Released 2017, IBM SPSS Statistics for Windows, Armonk, NY: IBM Corp.). 
Sociodemographic characteristics (e.g. gender) of patients were presented in frequency tables and charts where necessary. Continuous numerical variables like; lipid profile (serum level of various cholesterol: TC, TG, HDL, LDL), IMT of various carotid arteries (RtCCA, RtCB, LtCCA, LtCB), and sizes of plaques, were displayed as mean ± standard deviation. Secondary categorical data, like the presence of dyslipidemia, the presence of thickened IMT and the presence of plaque among the case group and the control group, were generated from the primary data and displayed in tables as frequencies and percentages. Cross-tabulations of the obtained categorical data were also carried out and displayed in tables as frequencies and percentages.
Independent sample t-test was carried out to test for differences in means between the case group and the control group with regards to the serum levels of the various cholesterols as well as for the CIMT of the various carotid arteries. 
Pearson correlation analysis was used to determine the level of linear correlation between the serum cholesterol levels and the CIMT of various carotid arteries. P-values ≤0.05 were considered statistically significant.
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Figure 1: Marked intima-medial thickening of 1.5mm



RESULTS
A total of one hundred and forty-eight (148) participants were recruited for the study. They were divided into type 2 diabetic mellitus (T2DM) group and control group at a ratio of 1:1.That is 74 T2DM Patients and 74 apparently healthy subjects. Among the diabetics, twenty nine (39.2%) were males and forty five (60.8%) were females; while among the control group thirty five (47.3%) were males and thirty nine (52.7%) were females. 
For the case group (T2DM group), the ages ranged from 32 – 80 years and for the control group the range was from 19 – 56 years. The mean age of the case group was 57.96 ± 10.94 (std deviation) years, while for the control, the mean was 36.63 ± 10.77 years. The mean age of the T2DM group was statistically significantly higher than that of the control (P < 0.001). 
	
Of the entire population, 14.4% had normal cholesterol levels while 85.6% had dyslipidemia. Of the T2DM group, 9.6% had normal cholesterol levels and 90.4% had dyslipidemia, while among the control group, 19.2% had normal levels of cholesterol and 80.8% had dyslipidemia. The 85.6% of the entire population that had dyslipidemia were distributed as follows: high TC in 13.7%, high TG in 6.8%, high LDL in 9.6% and low HDL in 82.2%. So that low HDL constituted most of the dyslipidemia. Some of the participants had dyslipidemia with regards to more than one cholesterol.
Among the T2DM subjects that had dyslipidemia, 11.0% had high TC, 12.3% had high TG, 12.3% high LDL and 87.7% had low HDL. So that low HDL constituted most of the dyslipidemia. Among the control group that had dyslipidemia; 16.4% had high TC, 1.4% had high TG, 16.8% high LDL and 76.7% had low HDL. So that low HDL constituted most of the dyslipidemia. 
The mean of the cholesterol levels both for the T2DM group and the control group are shown in table 1. The case group has higher levels of TG and lower levels of HDL as well as lower levels of total cholesterol (TC) and LDL than the control group. Independent sample t-test (table 1), shows significant difference in means between T2DM patients and the controls with regards to serum TC (P =0.04), TG (P = 0.011), HDL (P = 0.019), and no significant difference in means with regards to LDL (P = 0.694).

Table 1: Independent samples t-test for difference in means of serum cholesterol level between diabetic and control groups. 
	Variables	
	       Study group (Mean±SD)
	t-value
	p-value

	
	    Control 
     (n=74)
	   Diabetics 
    (n=74)
	
	

	TC (mmol/L)
	4.49± 0.55
	4.25± 0.86
	2.06
	0.040*

	TG (mmol/L)
	1.11± 0.24
	1.23± 0.32
	-2.55
	0.011*

	HDL (mmol/L)
	1.35± 0.23
	1.26± 0.23
	2.36
	0.019*

	LDL (mmol/L)
	2.18± 0.58
	2.14± 0.79
	0.39
	0.694


Notes: Values reported are means (M) ± standard deviations (S.D.).
*=significant P-values 0.05

Among the T2DM subjects with dyslipidemia, 87.9% had thickened CIMT and 48.5% had atheromatous plaques, while 85.7% of T2DM subjects with normal lipid profile had thickened CIMT and 14.3% had plaques. 


Overall 52.7% of the study population had thickened IMT with regards to one or more vessels. 
Among the T2DM cases, 89.0% had thickened CIMT. The thickening occurred in the various locations as follows: 39.7% of RtCCA IMT, 75.3% of RtCB IMT, 44.4% of LtCCA IMT, and 76.7% of LtCB IMT. See table 2. Among the control group, the IMT was thickened in 16.4%. It was thickened in 1.4% of RtCCA, 4.1% of RtCB, 1.4% of LtCCA, and 15.1% of LtCB. See table 2

For the T2DM patients, the mean CIMT (in cm) were as follows: 0.09±0.02 for RtCCA, 0.11± 0.03 for RtCB, 0.10 ±0.06 for LtCCA and 0.12± 0.03for LtCB. For the control group, the mean CIMT were: 0.07±0.12 for RtCCA, 0.07 ±0.01 for RtCB, 0.07± 0.01for LtCCA and 0.07 ±0.02 for LtCB. The result of the independent t-test for difference in means shows that the mean CIMT among the diabetic group was significantly higher than that of the control in all the carotid vessels measured. That is, statistically significant differences are observed in the mean values obtained for RtCCA IMT (P <0.001), RtCB IMT (P <0.001), LtCCA IMT (P <0.001) and LtCB IMT (P <0.001) between the diabetic group and the control group.

                                      






Table 2: Comparison of values of carotid artery intima-media thickness among type 2 diabetic patients and control group.
	Variables
	 Percentage(%) of Thickened IMT
	    Independent sample t-test

	
	Diabetics (n=74)
	Control (n=74)
	t-value
	p-value

	RtCCA IMT
	      39.7
	    1.4
	7.61
	<0.001*

	RtCB IMT
	      75.3
	    4.1  
	13.31
	<0.001*

	LtCCA IMT
	      44.4
	     1.4      
	4.02
	<0.001*

	LtCB IMT
	      76.7
	   15.1  
	11.31
	<0.001*


Values reported are means (M) ± standard deviations (S.D.).
*=significant P -values 0.05.

Among the T2DM Patients, 90.6% of those with thickened CIMT had dyslipidemia and 9.4% had normal lipid level. With regards to the specific locations, 93.1% of the T2DM patients with RtCCAIMT thickening had dyslipidemia; likewise 94.5% of those with RtCBIMT thickening, 90.6% of those with LtCCAIMT thickening and 89.3% of those with LtCBIMT thickening. 
Atheromatous plaque was present in 46.9% of the T2DM patients with CIMT thickening.

No plaque was seen in the control group. In the case group (T2DM group), 33 subjects (44.6%) had plaques. Among the 33 T2DM subjects with plaques, 32(97)% had dyslipidemia. This comprised of 51.5% with 1 plaque each, 33.3% with 2 plaques each, and 12.1% with 3 plaques each. (See table 3). The thickness of largest plaque detected in the various carotid arteries ranged from 2.10mm to 4.3mm, with a mean of 3.10± 0.62mm


Table 3: Percentage of patients with dyslipidemia among patients with 
               plaque in T2DM group
	No of plaques 
	Range of maximum plaque thickness(mm)
	Total no of. T2DM patients with plaques
	No of T2DM patients with plaques and  dyslipidemia 

	No ofT2DM  patients with plaques and  normal lipid profile

	1
	2.1 - 4.2
	17(51.5%)
	17(51.5%)
	0(0.0%)

	2
	2.5 - 4.3
	12(36.4%)
	11(33.3%)
	1(3.0%)

	3
	3.0 - 4.2
	  4(12.1%)
	  4(12.1%)
	0(0.0%)

	Total
	
	33 (100.0%)
	32(96.9%)
	1(3.0%)





 

Among the 33 T2DM patients that had plaques (irrespective of the location); 30(90.9%) had thickened IMT, 29 (87.9%) had both dyslipidemia and thickened IMT, 3(9.1%) had dyslipidemia but normal IMT, while 1(3.0%) had normal cholesterol level but thickened IMT. 
The total number of plaques detected in the 33 patients was 73. The plaques were in single vessel in some patients and in multiple vessels in others. The plaque locations were in this order of increasing frequency in the vessels: 1(1.4%) in LtCCA, 17(23.3) in RtCCA, 27(37.0%) in LtCB, and 28(38.4%) in RtCB . See table 4

Table 4: Location of the plaques among the vessels
	Carotid Artery
	Number of Plaques seen
	Percentage

	RtCCA
	                  17
	23.3

	RtCB
	                  28
	38.4

	LtCCA
	                    1
	  1.4

	LtCB
	                  27
	37.0

	                     Total
	                  73
	100



In the case subgroup, Pearson correlation test (See table 5), for correlation between intima-media thickness (IMT) with TG, HDL and LDL, showed significant correlation of the right common carotid artery intima-media thickness (RtCCAIMT) with HDL, but no significant correlation with TG and LDL. The test also showed significant correlation between the left common carotid artery intima-media thickness (LtCCAIMT) and LDL but not with TG or HDL. It further showed 
significant correlation between the left CB IMT and LDL, but not with TG or HDL; and no significant correlation between the right carotid bulb (CB) IMT and any of TG, HDL or LDL.
No significant correlation was seen between the thickness of the largest plaques and TG, HDLC or LDL.

 Table 5: Pearson correlation test for linear relationship between carotid artery intima-media thickness with the fasting lipid profiles (TG, HDLC & LDLC (mmol/L) in type 2 diabetes mellitus patients.  
	Variables
	TG Correlation coefficient (p-value)
	HDLC Correlation coeff00icient (p-value)
	LDLC
Correlation coefficient (p-value)

	RtCCA IMT
	 0.053 (0.648)
	0.098 (0.040)*
	0.120 (0.307)

	LtCCA IMT
	-0.042 (0.719)
	-0.028 (0.812)
	0.079 (0.050)*

	RtCB IMT
	-0.181 (0.122)
	-0.065 (0.581)
	0.168 (0.151)

	LtCB IMT
	-0.077 (0.509)
	0.199 (0.089)
	0.260 (0.025)*

		


 *=significant P -values≤0.05
	
	
DISCUSSION
From our study, the minimum and maximum ages of the T2DM subgroup were 32 years and 80 years respectively, while that of the control group were 19 years and 56 years respectively with the mean age of the case group being significantly higher than that of the control (P < 0.001). 
This finding of the minimum age of T2DM group being 32 years despite our inclusion range to cover 18 years and above, is in keeping with the designation of T2DM as a disease of adult onset1-4. On the other hand, the minimum age of the control group being 19 years is due to the fact that the ages of some of the patient relations and some staff of the hospital who volunteered as control fell within that region.
The finding of the maximum age of T2DM group being 80 years and that of the control group being 56 years reflects the nature of the recruitment. Patient relations and civil servant are usually not elderly and even if a patient relation is elderly, such a relation is not likely to volunteer for our type of study. On the other hand, patients can be elderly and can volunteer for the study or the relation can give approval for him where applicable and necessary.
The above differences in age distribution also explains why the mean age of the case group was significantly higher than that of the control.
All the values of serum cholesterol obtained from the controls in our study for the various cholesterols: TC, TG, HDL and LDL (see table 1), were lower than that obtained by Minsoo et al23. in a study involving healthy participants in Korea, Asia [mean levels of TC, TG, HDL, and LDL of, 200.8±43.4 mg/dL, 137.4±89.3 mg/dL, 55.3±13.4 mg/dL, and 122.5±36.3 mg/dL, respectively (equivalent to  5.2±1.1mmol/L,  1.6±1.0mmol/L, 1.4±0.3mmol/L,  3.2±0.9mmol/L  respectively)].
Furthermore, even all the mean values obtained from the case groups in our study (see table 1) for the various cholesterols, were lower than the values they obtained from healthy participants in theirs. We do not have a definite evidence of the reasons for these disparities. However, it is likely that genetic /racial factors may play a role as their population of study was from Asia while ours was from Africa. Another factor that may play a role among others is the dietary pattern among the two populations. Consumption of food richer in cholesterol among their population relative to ours may be a contributory factor. A study that involves multiracial or intercontinental populations will help to resolve this point. Such a study and similar studies in other parameters may necessitate a second look or redefinition of normal / abnormal values, ranges and variants that captures multiethnic / multiracial /intercontinental variations. 

Easy access to and use of cholesterol lowering medications by our people may be a factor as some of the patients in our study have been on cholesterol lowering drugs from various medical outlets and were poorly monitored. Such a practice may have effect which may have altered the pattern obtainable in our environment.
The finding of significantly higher level of TG in the T2DM group in our study than the control group is in keeping with that of both Guo et al24., who found the levels of TG to be statistically higher in T2DM patients than control group.
However, our finding of lower levels of total cholesterol (TC) and LDL in the case group than the control group is at variance with theirs which further reported the levels of TC and LDL to be statistically higher in their case group than the control.

The finding of HDL lower in the case group than in the control in our study agrees with the assertion that T2DM predisposes to dyslipidemia which includes low HDL, and that HDL is a good cholesterol which when elevated, has a protective effect against plaque formation and hence against cardiovascular events like stroke17,18.
However, the finding of lower LDL among the case group in our study than the control is contrary to the assertion that increased levels of LDL is a predisposing factor17,18.

Minsoo et al23. in a study in Asia, found dyslipidemia in 28.2% of their study population which was made up of healthy subjects. This is less than the 80.8% obtained among the control group of our study (which can be considered healthy patients). However, it is noteworthy that all the values they obtained in the serum cholesterol levels of their subjects were higher than the ones we obtained even from our case group. Besides, since 76.7% of case group of our study had dyslipidemia due to low HDL and  their population had higher HDL than ours, the proportion of their study that have dyslipidemia due to low HDL will be greatly reduced, accounting for lower prevalence of dyslipidemia in their study. 

The finding of the frequency of dyslipidemia among T2DM case group to be 90.4%, with reduced levels of HDL as the commonest form of dyslipidemia (87.7%), and TC being the least common (11.1%) among them in our study; is similar to the pattern recorded by Nwafor et al20. in their study of a population of patients with ischaemic stroke where they found the overall prevalence of dyslipidemia to be 97%, the most common form being reduced HDL (57.6%) and the least being TC (9.1%). The overall similarity of the pattern is remarkable despite the differences in the absolute values obtained and in the nature of the two populations studied. The reason for the similarity may be due to the two studies being done in the southern part of Nigeria. This once more emphasizes the need for multiethnic and multi-national studies.  
The pattern varies with that reported by Muhammadu et al21. in a study in Faisalabad (in Pakistan, Asia), of similar group of population to that of Nwafor et al20. above (namely patients who presented with ischaemic stroke), where they found dyslipidemia  in 55% of patients, with elevated LDL being the most frequent (70%) and elevated TG being the least (16%). The cause(s) of these variations in pattern and absolute values are not obvious to us (as mentioned already) and further studies will be helpful in this regard. 

In our study, the finding of significant difference in means between T2DM patients and the controls with respect to serum TC, TG, and HDL and no significant difference in means with regards to LDL differs from that of Guo et al24., who in addition to finding significant difference in means of the levels of TC, TG, HDL between T2DM patients and the control group, also found significant difference between their means with regards to LDL.

Our study found the CIMT among the diabetic group significantly higher than the control in all the carotid vessels, a finding in keeping with that of Bettegowda et al29. who reported the mean CIMT of diabetic subjects to be significantly higher than those of the non-diabetic subjects and with that of Preetha et al25. who found that mean CIMT was significantly higher in diabetic stroke patients than non-diabetic stroke patient.

The finding of significant positive correlation between LtCCA IMT and LDL (0.05) and between LtCB IMT and LDL (0.025) in our study are similar to that of Guo et al 24. who reported significant positive correlation between LDL and the mean IMT of bilateral common carotid arteries. Ours are also similar to the report of other authors who found positive correlation between CIMT and LDL26,27,28. However, ours differs from both by finding no significant correlation (whether positive or negative) between the following pairs: RtCCA IMT and any of the cholesterols, RtCB IMT and any of the cholesterols, LtCCA IMT and TG or HDL, LCB IMT and TG or HDL. Our study did not include the various lipoprotein subclasses like the one conducted in Japan involving 20 such subclasses and their cholesterol and triglyceride content and which found medium and small LDL to be associated with higher maximum CIMT levels38. 
[bookmark: _GoBack]The finding of no plaque among the control group and the presence of dyslipidemia in 97% of those with plaques among the case group in our study is in consonant with the report by Minsooo et al23. that both DM and dyslipidemia were  of significantly higher prevalence among those with  plaques than those without plaques, but is at variance with their report that cholesterol and LDL levels were significantly lower in the group with carotid artery plaques. 

Though dyslipidemia was more frequent both among those with IMT thickening and those with plaques, Pearson correlation test showed no linear correlation between lipid profile and the size of largest plaque detected. This indicates that the though dyslipidemia leads to plaque formation and increment in size, the relationships between lipid profile and the size of the plaque is not linear in nature. This may be due to other contributory factors like DM, hypertension, smoking, and use of lipid regulating drugs.


CONCLUSION
Both increased IMT and the presence of plaques are commoner among T2DM patients with dyslipidemia than those with normal cholesterol levels. Plaques are commoner among T2DM patients with thickened CIMT. The findings support the utility of ultrasonographic measurement of CIMT as a means of early cardiovascular risk assessment in T2DM patients with dyslipidemia.
.


RECOMMENDATION
Collaborative and more in-depth studies involving multinational and multi-ethnic groups, are recommended for more global application of results.

Abbreviations:
CB = Carotid bulb      
CCA = Common carotid artery     
CIMT = Carotid intima-media thickness                 
HDL = High density lipoprotein            
IMT = Intima-media thickness   
LDL = Low density lipoprotein      
LtCB = Left carotid bulb  
LtCCA = Left common carotid artery
RtCB = Right carotid bulb
RtCCA = Right common carotid artery   
T1DM = Type 1 diabetes mellitus  
T2DM = Type 2 diabetes mellitus 
TC = Total cholesterol  
TG = Triglyceride      
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