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Abstract
Introduction: Many laboratories utilize Friedewald formula (FF) to analyze LDL cholesterol levels of patients 
including diabetes mellitus (DM). Therefore, it is essential to consider the coherence of results acquired by FF 
and direct measurement. The number of studies that investigated the effect of lipid parameters, especially TG/
HDL cholesterol ratio, on the difference between the two methods is limited. The study was designed to compare 
LDL cholesterol values obtained by using FF with direct measurement, and to evaluate the relationship between 
diabetes regulation and lipid profile. Material and Methods: In the cross-sectional study, 529 type 2 DM patients 
and 1703 non-DM subjects were divided into four groups regarding TG concentrations. Unlike other studies, the 
study focuses on direct LDL (DLDL) cholesterol levels obtained with the help of different DLDL cholesterol kits 
(n=20). The correlations were implemented between HbA1c and lipid profiles. Results: It was determined that the 
bias% was over 10% in 24% of patients with 100-199 mg/dL TG levels. The parameter revealed that the most sig-
nificant difference and the strongest correlation with HbA1c was TG/HDL cholesterol ratio in patients with type 2 
DM. Conclusions: In patients with type 2 DM, even if it was TG <200 mg/dL, LDL calculated with FF should be 
evaluated together with the TG/HDL cholesterol ratio. Otherwise, direct measurement can be recommended. This 
ratio is related to diabetes regulation and may be used to monitor patients..
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Introduction
Cardiovascular diseases (CVD) remain a main 
reason of morbidity and mortality. Clinical 
practice guidelines advise low density lipopro-
tein (LDL) cholesterol as the fundamental lip-
id marker for risk estimation and management 

of coronary artery disease (CAD) (1,2). Hence, 
the accurate measurement or estimation of LDL 
cholesterol is extremely significant for reliable 
evaluation of CVD risk (3). The reference meth-
od to analyze LDL cholesterol is time-consum-
ing and requires costly equipments and trained 
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personnel. For that reason, the most commonly 
utilized method for detecting LDL cholesterol 
concentration is the Friedewald formula (FF). 
However, this formula has some restrictions in-
cluding fasting condition, individuals with tri-
glyceride (TG) levels above 400 mg/dL and type 
III hyperlipoproteinemia incidents (4). Research 
suggested utilization of either direct LDL or apo 
B levels in patients with diabetes mellitus (DM), 
CVD and other high risk groups with TG levels 
>200 mg/dL and LDL cholesterol < 70 mg/dL 
estimated by FF (5,6). 
It was shown that correctness of FF decreases 
as the level of TG increases (7). Moreover, the 
accuracy of FF was suspicious in some patient 
groups such as DM (8). Diabetes-related dyslip-
idemia is generally represented as an increment 
in TG and a reduction in high-density lipoprotein 
(HDL) cholesterol levels with a predominance 
of small, dense LDL (sdLDL) particles relative-
ly normal LDL cholesterol values. Unlike LDL, 
nonHDL cholesterol can be considered as a total 
of all atherogenic apolipoprotein B including li-
poproteins. Therefore, high nonHDL cholesterol 
shows increased risk of CAD (9,10).
The ratio of TG to HDL cholesterol is a deter-
miner of LDL particle size in patients with type 2 
DM (11) and the increase in this ratio is the most 
powerful predictor of CAD among all the lipid 
parameters investigated (12).
It is important to reveal the correlation between 
diabetes regulation and dyslipidemia in order to 
give an idea about what lipid parameters will 
be useful in the follow-up of these patients. The 
number of studies that investigated the effect of 
lipid parameters, especially TG/HDL cholesterol 
ratio and nonHDL cholesterol, on the difference 
between calculated and directly measured LDL 
cholesterol are limited. Therefore, in the present 
study, it was aimed to compare LDL cholesterol 
values calculated by the FF with direct measure-
ment at distinct TG levels in patients with type 

2 DM, to investigate lipid parameters that can 
be used instead of calculated LDL cholesterol, 
and to evaluate the relationship between diabetes 
regulation and lipid profile.

Material and methods

Study population
In cross-sectional study, the lipid parameters 
were assessed on 690 patients consecutively 
with type 2 DM and 2236 non-DM subjects vis-
iting the University of Erciyes, Medical Faculty 
Hospital during October-December 2018. The 
study was approved by the ethics committee of 
the Medical Faculty of University of Erciyes 
(2018/503) and was conducted in accordance 
with the guidelines of the Declaration of Helsin-
ki (as revised in 2013). 
For lipid analyses, fasting blood samples were 
collected from subjects aged 18-85 years in 
tubes without anticoagulant. Blood specimens 
were centrifuged at 2000 g for 10 minutes. The 
measurements were completed within 8 h of 
specimen collection.
Specimens with TG >400 mg/dL, samples from 
participants whose fasting status was unknown 
and samples with lacking values of any of the 
lipid measurements were excluded from the 
study (Figure 1). The remaining 529 type 2 DM 
patients and 1703 non-DM subject samples were 
divided into four groups considering TG concen-
tration ranges as follows: <100, 100-199, 200-
299 and 300-400 mg/dL. 
Type 2 DM patients were diagnosed by the 
American Diabetic Association (ADA) 2015 cri-
teria or those who had a previous diabetic histo-
ry. Subjects with blood glucose level <100 mg/
dL were accepted as non-DM. Informed consent 
was obtained from all individuals included in 
this study.
Patients with type 2 diabetes were divided into 
two groups as HbA1c ≤7 and >7. 
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Biochemical analysis
LDL cholesterol values were obtained from lev-
els of total cholesterol, HDL cholesterol and TG 
up to 400 mg/dL using the FF. In this sudy, LDL 
(FLDL) cholesterol levels were calculated by 
using FF (FLDL cholesterol = Total cholesterol 
– (TG/5+HDL cholesterol)), and the serum LDL 
cholesterol level was measured by using direct 
homogeneous assay. In order to show that the 
difference between LDL cholesterol levels calcu-
lated by using FF and those by the direct method 
is not method-based, direct LDL (DLDL) cho-
lesterol levels were analyzed by using different 
DLDL cholesterol kits in alternative biochemical 
analyzers (n=20) in distinct TG levels. The direct 
assay utilized in the laboratory was indicated to 
provide current NCEP criteria for precision (co-
efficient of variation <4%), accuracy (bias <4%) 
and for total analytical error (<12%) (5). Intra-as-

say coefficient of variation for DLDL cholesterol 
was 0.7% at 116 mg/dL and the between-assay 
coefficient of variation was 2.6% at 100 mg/dL. 
This method has been standardized against the 
beta quantification method as described in the ad-
vice of the LDL Cholesterol Method Certification 
Protocol for Manufacturers (13).
Serum total cholesterol and TG were measured 
by using enzymatic method. In addition, serum 
HDL cholesterol was determined with the help of 
direct homogeneous assay. All biochemical lipid 
analyses were performed on Cobas c702 chem-
istry autoanalyzer (Roche Diagnostics GmbH, 
Mannheim, Germany). The nonHDL cholesterol 
value was computed by using the formula as to-
tal cholesterol minus HDL cholesterol. HbA1c 
levels were measured on Cobas c501 chemistry 
autoanalyzer (Roche Diagnostics GmbH, Mann-
heim, Germany).

Fig. 1. Scheme showing the control of the subjects according to the inclusion criteria
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Statistical Analyses
The histogram and Q-Q plot were utilised to 
detect whether the data were normally distrib-
uted. The summarized statistics of normally and 
non-normally distributed continuous variables 
were exhibited as mean ± standard deviation 
and median (25th/75th percentile), respectively. 
Summarized statistics of categorical variables 
were represented as frequency and percentage. 
The Mann–Whitney U test and independent sam-
ple t test were applied to compare two groups. 
The Spearman test was utilized for correlation 
analysis. P value that is less than 0.05 was con-
sidered statistically significant.

Results

Patients with type 2 DM were 56.98±11.44 years 
of age while 213 (40.0%) of them were men and 
316 (60.0%) women. Although there were not 
any significant differences in FLDL cholesterol 
levels; TG, total cholesterol, HDL cholesterol, 
nonHDL cholesterol, DLDL cholesterol, bias% 
and TG/HDL cholesterol values showed a statis-
tical difference in patients with DM compared to 
those of non-DM subjects (Table 1).
As demonstrated in Table 2, the present study 
showed a statistically significant increase in TG, 

TG/HDL cholesterol ratio, and a decline in HDL 
cholesterol, in patients with HbA1c >7. Although 
bias% and nonHDL cholesterol values were in-
creased in patients with HbA1c >7 compared to 
those of patients with HbA1c ≤7, no statistically 
significant difference was determined.
LDL cholesterol levels computed with FF com-
pared to DLDL cholesterol levels in subjects 
with different TG values indicated the accura-
cy of the data that FF declines as TG increases. 
Bias% between FLDL and DLDL cholesterol 
at <100, 100-199, 200-299 and 300-400 mg/dL 
TG levels were determined as -5.7, -9, -13.3 and 
-19.4, respectively in patients with type 2 DM 
(Table 3).
DLDL cholesterol levels of samples with differ-
ent TG levels were assayed by using different 
DLDL cholesterol kits through an alternative 
biochemical analyzer, but a statistically signifi-
cant difference was not detected.
A strong, significant, and positive correlation 
was found between HbA1c and TG, HDL cho-
lesterol, TG/HDL cholesterol ratio (Table 4).
In addition, it was shown in the study that there 
was a positive correlation between bias% and 
TG (p<0.001) and TG/HDL cholesterol ratio 
(p<0.001). Furthermore, although TG/HDL cho-

Table 1. The lipid profile in patients with type 2 DM and non-DM subjects 

Variables Patients with type 2DM
n=529

non-DM subjects
n=1703 p

Age (year) 56.98±11.44 55.87±11.77 0.057
Sex (men/ women)                          213 (40.0)/316 (60.0) 675 (39.6)/1028 (60.4) 0.964
TG (mg/dL)                                       137.7 (101/190.5) 116.0 (83.0/165.0) <0.001
Total cholesterol (mg/dL)                199.0 (168.0/228.3) 192.8 (163.0/222.6) 0.012
HDL cholesterol (mg/dL)                   48.6 (41.0/57.0) 50.0 (41.0/60.8) 0.021
FLDL cholesterol (mg/dL)               116.3 (93.6/143.5) 113.2 (88.7/140.8) 0.058
DLDL cholesterol (mg/dL)               130.0 (106.0/157.0) 125.0 (99.0/152.0) 0.004
Bias% -9.2 (-14.27/ -5.35) -8.14 (-12.31/ -4.87) <0.001
nonHDL cholesterol (mg/dL) 146.9 (119.9/178.1) 140.0 (111.0/170.5) <0.001
TG/HDL cholesterol 2.7 (1.9/4.2) 2.3 (1.4/3.7) <0.001
HbA1c (%)                                            7.1 (6.4/8.3) -

Data expressed as median (25th/75th percentile), n(%) and mean±sd, DLDLcholesterol: direct measured LDLcholesterol; FLDL 
cholesterol: calculated LDL cholesterol by Friedewald formula
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lesterol ratio demonstrated a correlation with 
DLDLcholesterol (p<0.001), it did not have a 

correlation with FLDL cholesterol (p=0.051) 
levels of all patients with type 2 DM.
The percentage of misclassified in risk catego-
ries for patients with DM by FF was 12.1% at 
the 100 mg/dL cut-off points (Direct measured 
LDL cholesterol was considered as the reference 
method).

Discussion

The FF has been commonly used to detect LDL 
cholesterol in routine laboratories since 1972 
(4). The advantages of FF are its simple use, 
cost-effectiveness and availability in different 

Table 2. Comparison of lipid profile parameters at different HbA1c levels
Variables HbA1c ≤7 % (n=255) HbA1c >7 % (n=274) p
TG    129 (98/178) 146.90 (105.52/197.25) 0.011
Total cholesterol (mg/dL) 199 (170/230) 198.60 (165.72/226.25) 0.761
HDL cholesterol (mg/dL) 51 (41/59) 47.0 (40-55.00) 0.036
FLDL cholesterol (mg/dL) 118.80 (95.84/145) 114.20 (91.10/142.68) 0.470
DLDL cholesterol (mg/dL) 133 (108/158) 127 (104/156) 0.499
Bias% -8.87 (-13.82/-5.36) -9.73(-14.58/-5.31) 0.332
nonHDL cholesterol (mg/dL) 146.90 (121.80/178.20) 147.00 (119/177.37) 0.864
TG/HDL cholesterol 2.54 (1.78/4.00) 3.12 (2.04/4.54) 0.006
HbA1c (%) 6.3 (5.9/6.7) 8.2 (7.6/9.6) <0.001

Data expressed as median (25th/75thpercentile)

Table 3. Comparison of FLDL cholesterol to DLDL cholesterol in patients with type 2 DM and non-DM at 
different triglyceride levels

Variables Type 2 DM Bias% (Type 2 DM) non-DM Bias% (non-DM)
TG <100 mg/dL (n=127) (n=653)
DLDL cholesterol            111.0 (95.0/136.0) 107.0 (86.5-131.0)
FLDL cholesterol             107.6 (86.0-130.3) -5.7 (-10.1/-2.6) 100.2 (80.2/123.9) -6.1 (-9.3/-3.1)
TG 100-199 mg/dL (n=290) (n=795)
DLDL cholesterol 131.0 (108.0/156.5) 132.6 (108.0/159.0)
FLDL cholesterol             119.5 (97.1/144.2) -9.0 (-13.0/-5.7) 122.0 (96.6/148.2) -8.4(-12.0/-5.3)
TG 200-299 mg/dL (n=91) (n=205)
DLDL cholesterol 146.0 (117.0/183.0) 149.0 (119.0/184.0)
FLDL cholesterol             127.8 (99.0/160.0) -13.3 (-18.3/-8.8) 128.2 (98.3/161.4) -13.4 (-17.9/-9.9)
TG 300-400 mg/dL (n=21) (n=50)
DLDL cholesterol 159.0 (122.5/177.5) 144.9 (117.5/171.8)
FLDL cholesterol             129.3 (91.0/146.0) -19.4 (-27.0/-18.1) 119.7 (86.0/143.0) -18.7 (-24.4/-13.6)

Data expressed as median (25th/75th), % Bias [(FLDL cholesterol) – (DLDL cholesterol) / (DLDL cholesterol)]*100
DLDL cholesterol = Direct measured LDL cholesterol; FLDL cholesterol = calculated LDL cholesterol by Friedewald formula

Table 4. Correlation of HbA1c to lipid profile in 
all patients with type 2 DM

Variables HbA1c
p (rho)

TG 0.003 (0.130)
Total cholesterol 0.597 (-0.023)
FLDL cholesterol 0.320 (-0.043)
DLDL cholesterol 0.374 (-0.039)
HDL cholesterol 0.003 (-0.131)
TG/HDL cholesterol                <0.001 (0.151)
nonHDL cholesterol                0.858 (0.008)
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populations. However, previous studies have 
shown that LDL cholesterol levels calculated by 
FF were different when compared to levels ob-
tained by using direct assay (14,15).
Anwar et al. (16) showed that FF overestimated 
LDL cholesterol at lower TG levels, and under-
estimated at elevated TG levels compared to that 
of the direct measurement. Lee et al. (17) found 
similar results. Many studies have proposed that 
the FF underestimates LDL cholesterol more 
than direct assay (3,18,19).
Esawya et al. (20) observed that the difference 
between FLDL and DLDL cholesterol was high-
er in patients with DM compared to non-DM 
subjects. In other studies, similar results were 
obtained (7,21). In addition, the negative bias 
between FLDL and DLDL cholesterol was noted 
even at desirable TG levels (8).
Since many laboratories utilize FF to report LDL 
cholesterol for patients including DM (22), it is 
essential to consider the concordance of results 
obtained by FF and direct measurements. 
In the present study, the negative bias% values 
for FLDL and DLDL cholesterol were 13.3 and 
19.6 mg/dL at 200 to 299 mg/dL and 300 to 400 
mg/dL TG levels, respectively in patients with 
type 2 DM. We determined that the negative 
bias% was over 10% in 24% of patients with 100 
to199 mg/dL TG levels.
In dyslipidemic patients, although LDL cho-
lesterol is the main target of treatment, current 
guidelines consider nonHDL cholesterol as the 
secondary goal in subjects with high TG (over 
200 mg/dL), the majority of whom are diabetics. 
Furthermore, nonHDL cholesterol was still an in-
dicator of CAD in nonfasting individuals (10,23).
In addition, high nonHDL cholesterol, apo B, 
and DLDL cholesterol generally reflect in-
creased concentrations of sdLDL particles that 
predominate when TG is high and HDL choles-
terol is low (24).
In the current study, although FLDL cholesterol 
did not show a significant difference, DLDL cho-

lesterol values were higher in patients with type 
2 DM compared to those of non-DM subjects. 
The LDL particles may be small and the risk of 
CAD may be increased in patients with type 2 
DM, even if the HDL cholesterol level is normal 
and TG level is <200 mg/dL. A TG/HDL choles-
terol ratio that is >3 (mg/dL) distinguishes the 
small and large LDL size pattern (11).
Our data showed that TG/HDL cholesterol ratio 
was >3 in 7.56% (40) of diabetic patients with 
normal HDL cholesterol levels (HDL >40 mg/
dL men and >50 women) and <200 mg/dL TG 
levels. In addition, when patients with DM were 
compared with those non-DM, the most signifi-
cant statistical differences were in TG, nonHDL 
cholesterol values and TG/HDL cholesterol ra-
tio. It is believed that nonHDL cholesterol and 
TG/HDL cholesterol should be reported in clini-
cal laboratories for patients with type 2 DM who 
have acceptable TG levels if LDL cholesterol is 
not measured directly.
The difference between DLDL and FLDL cho-
lesterol was higher with the higher fasting glu-
cose levels (25). Viera et al. (26) reported that 
this difference was higher in patients with HbA1c 
>8% than those with HbA1c <8%. However, in 
patients with DM, there was no significant dif-
ference between DLDL and FLDL cholesterol 
in different HbA1c and HDL cholesterol groups. 
The TG level was the primary impact factor of 
correlation between the two methods (27).
Patients with HbA1c value >7.0% had signifi-
cantly higher values of total cholesterol, TG, 
LDL cholesterol, and nonHDL cholesterol com-
pared to the patients with HbA1c ≤7.0%. How-
ever, there was no significant difference in val-
ue of HDL cholesterol between the two groups 
(28). Babic et al. (29) stated that TG/HDL cho-
lesterol ratio was significantly higher in patients 
with HbA1c ≥7% compared to patients with 
HbA1c <7%.
The current study did not reveal any significant 
difference between DLDL and FLDL cholesterol 
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in patients with HbA1c >7% compared to those 
with HbA1c ≤7%. This result may depend on the 
number of patients with high TG level and the 
difference of HbA1c values determined to form 
groups.
A more significant difference in TG/HDL choles-
terol ratio in patients with HbA1c value >7.0% 
was detected when compared to TG or HDL cho-
lesterol alone in patients with HbA1c ≤7.0%.
Mahato et al. (27) reported that HbA1c demon-
strated positive and significant correlations with 
total cholesterol, FLDL cholesterol, HDL cho-
lesterol and nonHDL cholesterol. Additionally, 
significant positive correlation was observed 
between TG/HDL cholesterol ratio and HbA1c 
(29,30).
In the present study, HbA1c showed the stron-
gest correlation with TG/HDL cholesterol ratio 
within lipid parameters in patients with type 2 
DM.
Usage the FF can lead to the misclassification 
of patients with LDL cholesterol values near 
threshold (100 mg/dL) (22). A previous study 
suggested that estimation of LDL cholesterol 
by FF may be incorrect for evaluation of CVD 
risk in patients with type 2 DM and may not be 
proper for the management of dislipidemia in 
those patients (8,31). In this previous study, the 
FF overestimated by >10% the true LDL choles-
terol concentration in 39% of patients with DM 
and underestimated the actual value in 13% of 
patients, with only 48% accuracy (31). 
Chai Kheng et al. (8) reported that 26% of pa-
tients with DLDL cholesterol ≥100 mg/dLwere 
classified as LDLcholesterol <100 mg/dL by us-
ing FF.
Twelve percent of patients determined in LDL 
cholesterol >100 mg/dL by direct measurement 
were calculated as <100 mg/dL by using FF. 
When TG/HDL cholesterol ratio >3 was used, 
half of the patients (6%), who were miscalcula-
ted, were found to be at risk. 

Limitations
Access to detailed clinical data of patients such 
as receiving statin therapy, hormone replace-
ment therapy and presence of hypertension was 
not possible. Direct measurement for LDL cho-
lesterol was not tested against reference method 
(βQ method). In addition, sdLDL cholesterol le-
vels or sdLDL particles could not be analyzed in 
the present study. If sdLDL particle levels could 
be determined, it could be clarified whether the 
TG/ HDL cholesterol ratio can be used instead 
of sdLDL.

Conclusion

Based on the abovementioned findings, it can be 
stated that in patients with type 2 DM, even if 
TG <200, the LDL cholesterol value calculated 
with FF should be evaluated together with the 
TG/HDL cholesterol ratio. This ratio is also rela-
ted to diabetes regulation and it is believed that 
this ratio may be used to monitor patients with 
type 2 DM, and may be suitable for evaluating 
CAD risk.
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