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A B S T R A C T

Introduction: Type 2 Diabetes Mellitus has characteristic dyslipidemia. Low-density lipoprotein cholesterol (LDL-
C) measurement plays a role in cardiovascular risk assessment and management. Friedewald equation (FE) has
several limitations. This study aims to evaluate the effectiveness of Martin equation (ME) in Egyptian patients,
especially those with type 2 diabetes.
Methods: A cross-sectional study was conducted on 454 diabetic and non-diabetic patients who were referred to
the internal medicine outpatient clinic. Lipid profile was assessed by Cobas 8000 Modular Analyzer.
Results: The LDL-C was estimated by both FE and ME. In diabetic patients, LDL-C estimated by FE was under-
estimated with a bias of −3.9 ± 5.3mg/dL (p= .04). But LDL-C estimated by ME was not significantly dif-
ferent compared to directly measured LDL-C. FE underestimate LDL-C with a bias of −4.6 ± 6.4mg/dL
(p= .042) in uncontrolled diabetic patients. A non-significant difference in both uncontrolled patients and
controlled ones was detected by ME. FE had lower sensitivity and specificity (80% and 88.9 respectively)
compared to the ME (95.9% sensitivity, and 95.6% specificity). ME was not influenced by triglyceride levels
(p= .34).
Conclusion: The ME improves concordance of calculated LDL-C with a direct LDL-C assay in Egyptian diabetic
patients.

1. Introduction

Type 2 Diabetes Mellitus has characteristic dyslipidemia [high tri-
glycerides, normal or slightly increased total cholesterol, low level of
high-density lipoprotein cholesterol (HDL-C), a predominance of low-
density lipoprotein cholesterol (LDL-C), and abnormal very low-density
lipoprotein (VLDL-C)] [1,2]. These changes cause the development of
premature atherosclerosis and coronary heart disease [3]. LDL-C mea-
surement plays a role in cardiovascular risk assessment. Also, LDL-C
measurement is applied in case of risk management decision and
therapy monitoring [4–6].
Direct methods for LDL-C measurement are available [7], but many

laboratories use the equation of Friedewald et al. [8] for estimating
LDL-C. Generally, the Friedewald equation (FE) works well for most of
the patients. But it is still inaccurate when it is applied to some patients
including (diabetes, metabolic syndrome, liver and kidney disease)
[9–13].

FE has several limitations. FE requires fasting blood samples, and it
is not recommended if triglyceride level > 400mg/dL [14]. FE un-
derestimates LDL-C at low levels of LDL-C ([15] and with high trigly-
ceride levels [16]. Inaccurate estimation of LDL-C can be problematic as
it may delay treatment or impose unnecessary medication. For these
reasons, many studies attempted to modify FE [17].
Martin et al. [18] have developed a new equation for estimating

LDL-C. Martin equation (ME) uses an adjustable factor for the trigly-
ceride/VLDL-C ratio. This factor determines the possibility of using
triglyceride and non-HDL-C concentrations. ME showed a more accu-
rate LDL-C estimation [19,20].
This study attempts to evaluate the effectiveness of ME and FE for

LDL-C estimation in Egyptian patients, especially those with type 2
diabetes. The accuracy of these equations was evaluated in comparison
with that of the direct method.
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2. Subjects and methods

2.1. Subjects

This cross-sectional study was conducted on 454 diabetic and non-
diabetic patients who were referred to the internal medicine outpatient
clinic, Zagazig University Hospital. The study was carried out in
Clinical Pathology Department, Faculty of medicine, Zagazig University
(from August 2018 to January 2019). This study was approved by the
Institutional Research and Ethics Committee of Faculty of Medicine,
Zagazig University. All patients were informed about the study and
written consents were obtained.

2.2. Method

After 12 h of fasting, blood samples were collected by venipuncture
into BD Vacutainer® plastic EDTA and plain tubes. Whole blood HbA1c
testing was done on the Cobas 6000-C501 (Roche Diagnostics,
Mannheim, Germany). Serum levels of Cholesterol, Triglycerides HDL-C
and LDL-C were measured using the Cobas 8000 Modular Analyzer
series/C702 (Roche Diagnostics, Mannheim, Germany). All patients
were restricted to triglyceride levels below 400mg/dL. LDL-C was di-
rectly measured by Roche LDL-Cholesterol plus 2nd generation reagent.
It is a homogenous enzymatic cholesterol assay by using cholesterol
esterase and cholesterol oxidase/peroxidase. The reaction was modified
in order to increase its selectivity. This was made by adding magne-
sium, non-ionic detergent, and sugar compound. The calibration of the
tests was performed according to the manufacturer requirements using
the calibration materials from Roche Diagnostics. The daily quality
control was performed in accordance with controls provided by the
manufacturer.
LDL-C was calculated by FE=Cholesterol− (HDL-

C+Triglyceride/5). LDL-C was calculated by
ME=Cholesterol− (HDL-C+Triglyceride/adjustable factor). ME was
coded into an online calculator (http://ldlcalculator.com/).

2.3. Statistical analysis

Shapiro-Wilk test shows normal data distribution, so continuous
variables are expressed as mean and standard deviations (SD). In this
regard, categorical variables are expressed as numbers and percentages.
Student t-test and one-way ANOVA test were used to evaluate the level
of significance difference in two and multiple comparisons respectively.
The agreement between measured and estimated LDL-C was evaluated
using Bland-Altman plots, and Bias was calculated as the mean differ-
ence between estimated and measured LDL-C. The calculation of
agreement limits is done in terms of (bias ± 1.96 SD). Linear regres-
sion analyses were also performed to detect the significance of the es-
timation of LDL-C. Receiver operating characteristic (ROC) curve de-
termines the clinical utility of equations in finding LDL-C treatment
level (LDL-C levels at 100mg/dL). The area under the ROC curve (AUC)
assesses the performance. Then, sensitivity and specificity were calcu-
lated for each formula. Statistical analysis was carried out using SPSS
software “version 17.0” (SPSS Inc., Chicago, IL, USA). Significance was
considered at p-value lower than 0.05.

3. Results

Overall, 47.4% of the study subjects had type 2 diabetes mellitus.
The mean hemoglobinA1c (HbA1c) levels among diabetic patients were
6.2 ± 1%. The characteristics of study subjects and laboratory results
are shown in Table 1. Triglyceride levels were 161.6 ± 65.1 and
117.5 ± 50.1mg/dL, in diabetic and non-diabetic patients respec-
tively. Diabetic patients showed a cholesterol level of
206.1 ± 54.9mg/dL and non-diabetic patients showed a cholesterol
level of 187 ± 64.9. HDL-C levels were 43.5 ± 11.5 and

43 ± 6.3mg/dL in diabetic and non diabetic patients respectively.
LDL-C levels were 134.2 ± 47.4 and 120.8 ± 57.8mg/dL in diabetic
and non diabetic patients respectively.
In diabetic patients, the LDL-C estimated by FE was systematically

underestimated (Fig. 1). Bias was −3.9 ± 5.3mg/dL (p= .04) and
−0.3 ± 2.2mg/dL (p= .09) in patients with or without diabetes re-
spectively. LDL-C estimated by ME was not significantly different since
the bias was −0.2 ± 1.3mg/dL (p= .96) in patients with diabetes and
−0.1 ± 0.5mg/dL (p= .22) in patients without diabetes.
In diabetic group, 91 patients had HbA1c above 6.5% and were

considered an uncontrolled patient group (7.3 ± 0.44). LDL (F) was
underestimated when compared with LDL (D) and had bias of
−4.6 ± 6.4mg/dL (p= .042) and −3.6 ± 4.3mg/dL (p= .56) in
uncontrolled and controlled patients respectively. A non-significant p
value of LDL (M) in both uncontrolled and controlled patients was
detected. Bias was −0.3 ± 1.8mg/dL (p= .54) and −0.1 ± 0.7mg/
dL (p= .13) respectively (Fig. 2). There was no statistically significant
difference between triglyceride levels in controlled and uncontrolled
patients (167.2 ± 65.1 and 155.7 ± 66.7mg/dL respectively,
p= .25). Moreover, no statistically significant difference between HDL-
C levels in controlled and uncontrolled patients was detected
(43.1 ± 12.2 and 43.8 ± 10.6mg/dL respectively, p= .86).
ROC analysis determined the performance of LDL measurement

with FE and ME in diabetic patients at cut-off point 100mg/dL (Fig. 3).
A higher AUC for LDL (M) [AUC: 0.992; 95%CI: 0.981–1.001] when
compared to LDL (F) [AUC: 0.968; 95%CI: 0.946–0.990] was found
(p < .0001). LDL (F) had lower sensitivity and specificity (80% and
88.9% respectively) in comparison with the LDL (M) (95.9% sensitivity,
95.6% specificity). The analysis at the cut-off point 70mg/dL (the
therapeutic target) LDL (F) had sensitivity and specificity (98.2% and
100%, respectively) while the LDL (M) had sensitivity and specificity
both of 100%.
As both equations use triglyceride and HDL-C levels as variables,

comparison of the means and SDs of differences in LDL estimations at
different HDL-C and triglyceride values, which were categorized by the
National Cholesterol Education Program Adult Treatment Panel III
(NCEP-ATP III) guidelines, was presented in Table 2. When triglyceride
increased, the difference of LDL estimated by FE tended to increase
significantly (p < .0001), but ME was not influenced by triglyceride
levels (p= .34). Both FE and ME were not influenced by HDL-C levels
(p= .47 and p= .44, respectively).

Table 1
Characteristics of the subjects.

Parameter Subjects (No.= 454)

Age (years) 45.4 ± 9.9
Sex: Male/Female 203/251 (44.7/55.3)
Diabetic patients 215 (47.39)
HbA1c (%) 6.2 ± 1

Cholesterol (mg/dL) 196.2 ± 61.2
Triglyceride (mg/dL) 138.7 ± 62.2
HDL-C (mg/dL) 43.2 ± 9.2
LDL-C (mg/dL)
LDL (D) 127.3 ± 53.48
LDL (F) 125.3 ± 53.52
LDL (M) 127.2 ± 53.51

No.: number of subjects; HbA1c: Hemoglobin A1c; HDL-C: high-
density lipoprotein cholesterol; LDL-C: Low-density lipoprotein
cholesterol; LDL(D): directly measured LDL-C; LDL(F): LDL-C level
estimated by Friedewald equation; LDL(M), LDL-C level estimated
by the Martin equation.
Data are presented as No. (%) or mean ± SD.
HBA1C values were only measured in diabetic patients.
Conversion for cholesterol, HDL-C and LDL-C from mg/dL to SI (in
mmol/L): multiply by 0.0259. Conversion for triglyceride from mg/
dL to SI units (in mmol/L): multiply by 0.0113.
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4. Discussion

Coronary heart disease is a common chronic diabetes mellitus
complication. DM had a 4-fold higher risk of mortality from heart dis-
ease [21]. Over decades, studies confirm the role of LDL-C as a risk of
coronary heart disease [22–25]. The concentration of LDL-C helps in
the assessment of cardiovascular risk and is confirmed as a target in the
therapy decisions [26].
Although Beta-quantification by ultra-centrifugation is the golden

standard reference method for measuring the LDL-C concentration, it
has many limitations to be used in the routine laboratories. Beta-
quantification is a laborious, time consuming and expensive technique
[27]. So, LDL-C concentration is estimated through equations rather
than direct measurements. FE is the most widely used equation for LDL-
C concentration estimation in laboratory practice in spite of its limita-
tions [28,29]. So, many researchers attempt to modify FE in order to
have a more accurate formula [18,30,31]. Martin et al. [17] use ad-
justable novel factors instead of a fixed ratio of 5 in FE. This formula
significantly improves the accuracy of LDL-C estimation [32]. The ob-
jective of this study is to evaluate the effectiveness of ME in Egyptian
patients, especially those with type 2 diabetes.
In an unprecedented move, this study demonstrated the usefulness

of ME for the Egyptian patients with and without diabetes. This study
found that estimated LDL-C using FE mostly gives false lower LDL-C
values in diabetic patients. This goes in agreement with previous stu-
dies which have detected the underestimation of LDL-C by FE in dia-
betic patients [13,33–35]. Rubies-Prat et al. [9] found that FE over-
estimate LDL-C levels in 39% of diabetic patients, while 13% of patients

were underestimated. Differently, Whiting et al. [36] found that FE can
accept accuracy in measurement of LDL-c in both diabetes mellitus
types.
In this study, the researchers found that LDL-C estimated by ME was

not significantly different from the one that was directly measured (in
diabetic patients). Chaen et al. [37] showed a stronger correlation of
LDL-C estimation by ME than that was shown by FE in diabetic patients.
Regarding HbA1c level, diabetic patients were rearranged into

controlled and uncontrolled groups (HbA1c below and above 6.5%
respectively). FE significantly underestimates LDL-C when compared
with the direct method in uncontrolled patients. This confirms that
diabetic patients with good control have a good correlation between FE
estimated and directly measured LDL-C [34]. However, a non-sig-
nificant difference in LDL-C between direct measured values and those
estimated by ME in both uncontrolled patients and controlled patients
was detected. So performing ME in all diabetic patients is acceptable.
This study showed that FE had lower sensitivity and specificity

(80% and 88.9 respectively) in comparison with the ME (95.9% sen-
sitivity, 95.6% specificity) at 100mg/dL cutoff point. Razi et al. [38]
found that FE at100 mg/dL level can misclassify diabetic patients and it
is not recommended to not use FE for evaluation of risk in diabetic
patients.
The Difference of LDL estimated by FE tended to increase sig-

nificantly when triglyceride level increased. This limitation of FE was
overcome by ME which was not influenced by triglyceride levels. In
agreement with the previous studies, the researchers found LDL-C es-
timated by ME was less influenced by triglyceride than that was esti-
mated by FE [16].

Fig. 1. Bland and Altmann plots of the average between measured and estimated LDL-C versus difference between them. (A) FE in non-diabetic patients (B) FE in
diabetic patients (C) ME in non-diabetic patients (D) ME in diabetic patients.
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This study limitation was the use of direct method (Roche) instead
of beta quantification of LDL-C. However, Tanno et al. [39] re-
commended LDL-C measured by the direct assay in the epidemiological
studies. Roche direct LDL-C measurement method is standardized
against the reference method and Nauck et al. [40] reported that Roche
assay meets the currently established analytical performance goals, so it
is useful for both diagnosis and management decision in hyperlipidemic
patients. Yamashita et al. [41] found that the selective solubilization
method as used in Roche kit exhibited the highest correlation with the
β-quantification method.
Further studies are recommended to evaluate a larger number of

participants in multi-centers as ME can easily be incorporated in the

laboratory data system with no additional cost. This also helps in the
evaluation of ME validity in higher triglyceride levels (TG≥400mg/
dl).

5. Conclusion

Compared to direct LDL-C assay, FE underestimates LDL-C levels in
diabetic patients, especially in patients with high triglyceride levels and
patients with uncontrolled diabetes. The ME improves concordance of
calculated LDL-C with a direct LDL-C assay in Egyptian diabetic pa-
tients. So, ME is applicable in LDL-C estimation in order to assess the
cardiovascular risk in type 2 diabetic patients.

Fig. 2. Bland and Altmann plots of the average between measured and estimated LDL-C versus difference between them. (A) FE in controlled diabetic patients (B) FE
in uncontrolled diabetic patients (C) ME in controlled diabetic patients (D) ME in uncontrolled diabetic patients.

Fig. 3. ROC curves to validate estimated LDL-C from direct method in type 2 diabetes. (A) FE and (B) ME.
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Table 2
Comparison of estimated LDL-C and directly-measured LDL-C by different triglyceride and HDL-C levels in diabetic patients.

Triglyceride (mg/dL)

<100 (No.= 44) 100–149 (No.= 49) 150–199 (No.= 55) >͟ 200 (No.= 67)

LDL (D) (mg/dL) 105.4 ± 46 129.3 ± 53.9 134.1 ± 30.6 157.6 ± 43.8
LDL (F) (mg/dL) 106.2 ± 47 128.1 ± 55.8 129.9 ± 32.9 148.8 ± 46.8
Difference⁎ 1.5 ± 0.98 2.7 ± 2.14 4.4 ± 2.87 8.8 ± 5.37

LDL (M) (mg/dL) 105.1 ± 46 129.3 ± 54 134 ± 30.9 157.2 ± 43.5
Difference 0.6 ± 0.61 1 ± 1.24 0.7 ± 0.79 0.9 ± 1.17

HDL-C (mg/dL)

< 40 (No.= 65) 40–49 (No.= 99) 50–59 (No.= 22) ≥60 (No.= 29)

LDL (D) (mg/dL) 146.2 ± 38.7 120.7 ± 45.8 130 ± 49.4 158 ± 55
LDL (F) (mg/dL) 141.7 ± 38.8 117.5 ± 46.3 124.5 ± 50.6 154.5 ± 58
Difference 4.84 ± 4.1 4.3 ± 4.1 5.8 ± 7.5 5.3 ± 3.6

LDL (M) (mg/dL) 146.2 ± 38.7 120.4 ± 45.8 129.6 ± 49.1 158.4 ± 54.9
Difference 0.66 ± 0.6 0.9 ± 1.2 0.7 ± 0.9 0.9 ± 1

No.: number of subjects; HDL-C: high-density lipoprotein cholesterol; LDL(D): directly measured LDL-C; LDL(F): LDL-C level estimated by Friedewald equation; LDL
(M), LDL-C level estimated by the Martin equation.
Data are presented as mean ± SD; Difference expressed as absolute number.
Conversion for cholesterol, HDL-C and LDL-C from mg/dL to SI (in mmol/L): multiply by 0.0259. Conversion for triglyceride from mg/dL to SI units (in mmol/L):
multiply by 0.0113.

⁎ Significant using one-way ANOVA (P < .0001).
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