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D ABsTRACT

Objective: To determine the frequency of hypertriglyceridemia in type 2 di-
abetic patients who are on statin therapy and its correlation with glycemic
control.

Methodology: This cross sectional study was conducted from December 2019
to July 2020 in the outpatient department of Endocrinology unit, Hayatabad
medical complex Peshawar. A total of 99 diabetic patients, who were regularly
taking statins for hypertriglyceridemia, were included using non probability
consecutive sampling technique. All eligible patients were assessed for hyper-
triglyceridemia and glycemic status. Data was analyzed with SPSS version 23.
Results were presented as tables and bar charts.

Results: Mean age of the patients was 53.2 (SD + 10.1) years. Males were
54%. The mean duration of diabetes was 5.8 (SD + 2.1) years, with 59.6% of
the patients having duration of diabetes of more than 5 years. The mean body
mass index of samples was 26.7 (SD= + 3.0) kg/m?. The mean value of gly-
cated haemoglobin (HbA1c) of samples was 8.1% (SD * 0.05). The frequency
of hypertriglyceridemia was 35.4%. HbA1c level had a statistically significant
positive correlation with hypertriglyceridemia. Body mass index and duration
of diabetes also correlated positively with hypertriglyceridemia, although the
correlation was not significant.

Conclusion: A significant percentage of type 2 diabetic patients rceiving sta-
tin therapy have hypertriglyceridemia, with glycemic control having a signifi-
cant impact on triglycerides level.
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raised non HDL cholesterol, and this combination of

D 'NTRODUCTION

Diabetes mellitus is a major socioeconomic burden
and leading cause of morbidity and mortality. In a survey
done by international diabetes federation (IDF) in 2019,
around 463 million adults were estimated to have di-
abetes and they also estimated this number to rise to
700 million by 2045". In Pakistan, an estimated 20 mil-
lion people are affected by diabetes?. Currently Pakistan
stands 4th in global prevalence of diabetes and is ex-
pected to surpass USA by 2045. Pakistan also has one of
the highest mortality from complications of diabetes?.

Hypertriglyceridemia is a common problem in di-
abetics, particularly the uncontrolled ones*. High tri-
glycerides (TGs) are also commonly accompanied by
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lipid abnormalities is described as atherogenic dyslipid-
emia of diabetes (ADD)*. In Type 2 diabetes both raised
blood sugar and insulin resistance leads to raised TG
levels. These factors result in increased production and
decreased clearance of chylomicrons and VLDLE. These
TG rich lipoproteins, in addition to LDL, are responsible
for formation and progression of atheroma in diabetic
patients®. So the ADD puts patient at a 3-4 times higher
cardiovascular disease risk in comparison to those with-
out diabetes’.

Hypertriglyceridemia is one of the modifiable cardio-
vascular disease (CVD) risk factors in T2DM. In order to
reduce the CVD risk, TG levels should be less than 150
mg/dI®. statins are commonly used in management of
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dyslipidemia in diabetics. Almost 32 % of US adults (12
million) who were receiving statins were found to have
raised TGs™. A large multi-center audit conducted in UK
found that 46.3 % diabetic patients had high TGs’, de-
spite taking statin therapy'™. In another study the fre-
guency of hypertriglyceridemia was found to be 36% in
type 2 diabetic patients on statin therapy'.

American heart association task force on clinical
guidelines indicate that all patients with diabetes 40 to
75 years of age with an low density lipoprotein (LDL)-C
more than 70 mg/dl should be treated with a statin'.
Although statins effectively reduce the LDL and total
cholesterol levels, they may not be as effective in con-
trolling serum triglyceride levels. Also total triglycerides
may be a more powerful predictor of coronary heart dis-
ease than total cholesterol in type 2 diabetic subjects’.
Thus, it is possible that hypertriglyceridemia is a better
marker of risk in this group of subjects'™. For this reason
it is also important to address hypertriglyceridemia on
equal footing with LDL-C to address this residual CVD
risk in Type 2 diabetics.

The purpose of this study was to assess the burden
of hypertriglyceridemia in Type 2 diabetes despite them
being on statins. This particular subject (where patients
are already on statins) has not been explored in local
settings. This shall help us in devising a cumulative ap-
proach towards managing this independent CVD risk
factor in local type 2 diabetic population

I wmeTHODOLOGY

This descriptive cross-sectional study was conducted
in the outpatient department of Diabetes and Endocri-
nology, Hayatabad Medical Complex, Peshawar from
December 2019 to July 2020. Sample size was estimat-
ed using online sample size calculator for proportion ,
available at www.openepi.com, version 3.01, taking 36%
prevalence of hypertriglyceridemia, 10% margin of error
and 95% confidence interval, thus requiring at least n
= 89 samples for this study. However we took 99 pa-
tients'. It was approved by the institutional research
and ethical committee. A written informed consent
was obtained from all patients. Using non probability
consecutive sampling technique, Patients aged 30 - 75
years, either gender, with type 2 diabetes, on statin ther-
apy for at least 03 months were included. All the rele-
vant information including demographics details, body
mass index (BMI), duration of diabetes, triglycerides
levels, and HbA1c were obtained on a pre-designed
pro-forma. Dose requirement was 10-20 mg atorvas-
tatin or equivalent. Patients with any concomitant dis-
order or confounder (factors that can significantly alter
triglycerides levels) like significant renal impairment
(eGFR <30ml/1.73m?), associated uncontrolled hypo-
thyroidism, drugs use such as estrogens and alcohol ad-
diction were excluded. Also patients with HbA1c more
than 9.0, incomplete medical record, poor compliance
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and smoking were excluded. All biochemistry work up
(including HBA1C, lipid profile, urea, creatinine, elec-
trolytes and thyroid stimulating hormone levels) were
conducted using Roche Cobas C501 chemistry analyzer.
Hypertriglyceridemia was defined as serum TGs’ level of
more than 150 mg/dl.

Data was stored and analyzed using IBM SPSS ver-
sion 23.0. Counts with percentages were given for qual-
itative data sets, mean with standard deviation were
determined for all quantitative parameters. Pearson
correlation analysis was used to check correlation of hy-
pertriglyceridemia with duration of diabetes, body mass
index (BMI) levels and HbA1c. Independents sample
t-test was used to compare the mean between hyper-
triglyceridemia and non-hypertriglyceridemia samples.
P-values less than 0.05 was considered statistically sig-
nificant. Results were presented in the form of tables
and charts.

D RresuLts

There were 99 patients having mean age of 53.2 (SD
+£10.1) years, including 54 male and 45 females. The
mean duration of diabetes was 5.8 (SD + 2.1) years, with
59.6% of the patients having duration of diabetes of
more than 5-years. The mean BMI of samples was 26.7
(SD= + 3.0) kg/m?, among them 63.6% had BMI of more
than 23 kg/m?2. The mean value of HbA1c of samples
was 8.1% (SD + 0.05), among them 55.6% had an HbA1c
range of 8.1 = 9.0 %. The mean level of serum triglycer-
ide levels was 150.6 mg/dl (SD + 49.8). The Frequen-
cy of hypertriglyceridemia was 35.4 %. Table 1 shows
hypertriglyceridemia and normal triglycerides samples
with respect to studied parameters. Triglyceride levels
gave 15% positive correlation with age, 19.3% positive
correlation with BMI and 28.4% positive correlation with
HbA1c as shown in Table 2. The mean values for age,
BMI, duration of diabetes, HbA1c and TGs' were found
higher among patients with Hypertriglyceridemia as
compared to patients with normal triglycerides (Table
3).

I piscussion

Our study found that hypertriglyceridemia is com-
mon among people with T2DM visiting tertiary care
center despite taking statin therapy. The results of our
study are consistent with some studies conducted in-
ternationally®'. In other studies the prevalence of hy-
pertriglyceridemia in diabetics patients receiving statins
was much higher as compared to our study''>"7. We
also found a significant correlation between hypertri-
glyceridemia and HBA1c. Similar results were reported
in a study conducted at a tertiary care centre of Karachi
but those patients were not on statins therapy®.

In the present study, Rosuvastatin was the most fre-
quently prescribed statin, the other being Atorvastatin
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Table 1: Hypertriglyceridemia with respect to studied parameters

Hypertriglyceridemia
Parameters Yes No
(n=35) (n=64)
n % n %
Duration of < 5 years 11 314 29 453
Diabetes >5 years 24 68.6 35 54.7
BMI < 23 kg/m2 12 343 24 375
> 23 kg/m2 23 65.7 40 62.5
<7% 1 2.9 2 3.1
HbA1c 7.1-80% 12 343 29 453
81-9.0% 22 62.9 33 51.6
Table 2: Correlation analysis of studied variables
Parameters Triglycerides p-value
Age Pearson Correlation 0.015 0.88
BMI Pearson Correlation 0.193 0.19
HbA1c Pearson Correlation 0.284 0.004*
*p<0.05 was considered statistically significant for correlation
Table 3: Mean comparison of studied parameters
Hypertriglyceridemia Non-Hypertriglyceridemia )
Parameters (n=35) (n=64) p-value
Mean SD Mean SD
Age (years) 53.9 11.6 529 9.2 0.64
BMI ( Kg/m2) 27.0 3.0 26.6 3.0 0.52
Duration of Diabetes ( Years) 6.2 2.2 5.7 2.1 0.27
HBA1C ( %) 83 0.6 8.1 0.6 0.08
Triglycerides (mg/dl) 206.3 38.2 120.2 204 <0.01*
*p<0.05 was considered statistically significant using Independent sample t-test
Figure 1: Baseline characteristics of studied parameters (n=99)
87.5
70
52.5
35 -
0 .
Duration of Duration of BMI Level <=23 BMI Level >=23 HbA1c <=7 HbA1c 7.1 -8.0 HbA1c8.1-9.0
Diabetes <=5 Diabetes >5 years kg/m2 kg/m2
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M Total (n=99) W Hypertriglyceridemia (n=35) Non-Hypertriglyceridemia (n=64))
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and in some patients, simvastatin. In our study, the min-
imum / moderate intensity statin therapy was used (10-
20 mg atoravastatin or equivalent)". Similar differences
in statin prescription were observed in another study, i.e.
Dyslipidemia International Study (DYSIS-Middle east) in
which simvastatin 20-40 mg/d| or equivalent was most
commonly prescribed regimen and the frequency of hy-
pertriglyceridemia was reported to be 48.5%'®.

We used a cut off of 150 mg/dI for triglycerides while
there are studies investigating the CVD risk at lower lev-
els. This was noted in a study conducted in Denmark,
where patients with TGs' levels between 89-176 mg/dI
had a significantly increased risk of CVD as compared to
those with levels less than 89 mg/dI™.

The cardiovascular benefits of triglycerides control
and need for further lipid lowering therapies was also
addressed in the famous Reduce-It trial, where the use
of marine omega 3 (Icosapent ethyl (IPE)) resulted in
lower triglyceride levels and significant CVD risk reduc-
tion in patients who were already receiving statin thera-
py. These benefits were consistent in diabetics as well*°.

No other lipid lowering agents have been shown
to reduce cardiovascular risk when given in addition
to statins. Two large cardiovascular outcome trials in
hypertriglyceridemic patients (AIM-HIGH and HPS2-
THRIVE ) studied the use of extended release Niacin
added to statins and both failed to show any significant
CVD benefit?"®. Pemafibrate is a new fibrate under in-
vestigation in diabetics patients and may show benefits
for TGs and possibly CVD risk reduction®.

Lifestyle measures are equally important in patients
with type 2 diabetes in order to achieve glycemic con-
trol, as well as reduce TG levels. Studies have found that
there is a significant (25 %) TG reduction in patients who
are able to lose 5-10 % of body weight with expected
beneficial effects on glycemic control as well®2>.

Higher intake of unsaturated fat and proteins along
with low carbohydrates results in lower triglyceride
levels®. In general, carbohydrates in all forms are well
known to cause raised TG levels. This was demonstrat-
ed in a recently concluded randomized controlled trial,
where a reduction in carbohydrate intake lead to low
TG level and reversal of metabolic syndrome?-2°. Simi-
larly both aerobic and resistance exercises have shown
benefits in lowering TG levels individually as well as en-
hanced efficacy in combination33'.

I concLusion

A large proportion of diabetic patients have hy-
pertriglyceridemia and they remain at high CVD risk
regardless of statin use. A comprehensive approach
including good glycemic control, lifestyle modification
and medication adherence, in addition to statin therapy

JPMI VOL. 34 NO. 4

is required. Additionally, the benefits of novel evidence
based treatments for hypertriglyceridemia like Icos-
apent ethyl, need to be explored in local population.

D LiviTATIONS

Our study has certain limitations. The cross section-
al nature of this study prevents any assessment of the
dose response relationship between statins and tri-
glyceride levels. Although glycemic control had a signif-
icant impact on triglyceride levels, it is difficult to obtain
a definitive conclusion about associations and correla-
tions in a small cross sectional study. Conducting such
a study on a large multi-center level shall further help
overcome these limitations and consolidate our knowl-
edge about this topic in local settings.

D REFERENCES

1. Whiting DR, Guariguata L, Weil C, Shaw J. IDF diabetes
atlas: global estimates of the prevalence of diabetes for
2011 and 2030. Diabetes Res Clin Pract 2011; 94:311-21.

2. Aamir AH, Ul-Haq Z, Mahar SA, Qureshi FM, Ahmad |,
Jawa A et al. . Diabetes prevalence survey of Pakistan
(DPS-PAK): prevalence of type 2 diabetes mellitus and
prediabetes using HbA1c: a population-based survey
from Pakistan. Br Med J Open 2019; 9:e025300.

3. IDF Diabetes Atlas, 9th Ed. Brussels, Belgium: Int Diabetes
Feder; 2019. Available at: https://www.diabetesatlas.org/
en/

4. Ahmad B, Aziz K, ul Hassan N, Kaiser RM, Alvi KY. Fre-
quency of hypertriglyceridemia in newly diagnosed type
2 diabetics. Pak Arm Forces Med J 2017; 66:88-1.

5. Leiter LA, Lundman P, da Silva PM, Drexel H, Junger C,
Gitt AK. Persistent lipid abnormalities in statin-treated
patients with diabetes mellitus in Europe and Canada:
results of the Dyslipidaemia International Study. Diabet
Med 2011; 28:1343-51.

6. Hirano T. Pathophysiology of Diabetic Dyslipidemia. J
Atheroscler Thromb 2018; 25:771-82.

7. Stamler J, Vaccaro O, Neaton JD, Wentworth D. Diabetes,
other risk factors and 12 year cardiovascular mortality for
men screened in the multiple risk factor intervention trial.
Diabetes Care 1993; 16:434-44.

8.  Jellinger PS, Handelsman Y, Rosenblit PD, Bloomgarden
ZT, Fonseca VA, Garber AJ et al. American Association of
Clinical Endocrinologists and American College of Endo-
crinology guidelines for management of dyslipidemia
and prevention of cardiovascular disease: executive sum-
mary. Endocr Pract 2017; 23:479-97.

9. Fan W, Philip S, Granowitz C, Toth PP, Wong ND. Prev-
alence of US Adults with triglycerides> 150 mg/dl:
NHANES 2007-2014. Cardiol Ther 2020; 9:207-13.

10. Feher M, Greener M, Munro N. Persistent hypertriglyceri-

256



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

FREQUENCY OF HYPERTRIGLYCERIDEMIA IN TYPE 2 DIABETIC PATIENTS RECEIVING STATIN THERAPY

demia in statin-treated patients with type 2 diabetes mel-
litus. Diabetes Metab Syndr Obes 2013; 6:11-5.

Oh RC, Lanier JB. Management of hypertriglyceridemia in
statin-treated type 2 diabetic patient. Am Fam Physician
2007; 75:1365-71.

AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/
ASPC/NLA/PCNA guideline on the management of blood
cholesterol: a report of the American College of Cardi-
ology/American Heart Association task force on clinical
practice guidelines. Circulation 2019; 139:e1082-143.

Krobot KJ, Wagner A, Siebert U. Risk factor levels, risk
factor combinations, and residual coronary risk: popula-
tion-based estimates for secondary prevention patients
using statins. Eur J Prev Cardiol 2011; 19:109-17.

Hamilton SJ, Chew GT, Davis TME, Stuckey BGA, Watts GF.
Hypertriglyceridaemia in statin-treated type 2 diabetic
patients. Prac Diabetes Int 2011; 28:257-60.

Bruckert E, Baccara-Dinet M, Eschwege E. Low HDL-cho-
lesterol is common in European Type 2 diabetic pa-
tients receiving treatment for dyslipidaemia: data from a
pan-European survey. Diabet Med 2007; 24:388-91.

Naqvi S, Naveed S, Ali Z, Ahmad SM, Khan RA, Raj H et al.
Correlation between glycated hemoglobin and triglycer-
ide level in type 2 diabetes mellitus. Cureus 2017; 9:e1347.

Al Sifri SN, Almahmeed W, Azar S, Okkeh O, Bramlage
P, Jinger C et al. Results of the dyslipidemia internation-
al study (DYSIS)-Middle East: clinical perspective on the
prevalence and characteristics of lipid abnormalities in
the setting of chronic statin treatment. PLoS One 2014;
9:€84350.

Stone NJ, Robinson JG, Lichtenstein AH, Merz CNB, Blum
CB, Eckel RH et al. 2013 ACC/AHA guideline on the treat-
ment of blood cholesterol to reduce atherosclerotic car-
diovascular risk in adults: a report of the American College
of Cardiology/American Heart Association task force on
practice guidelines. J Am Coll Cardiol 2013; 63:2889-934.

Pedersen SB, Langsted A, Nordestgaard BG. Nonfasting
mild-to-moderate hypertriglyceridemia and risk of acute
pancreatitis. JAMA Intern Med 2016; 176:1834-42.

Bhatt DL, Steg PG, Miller M, Brinton EA, Jacobson TA,
Ketchum SB et al. Cardiovascular risk reduction with icos-
apent ethyl for hypertriglyceridemia. N Engl J Med 2019;
380:11-22.

AIM-HIGH Investigators. The role of niacin in raising
high-density lipoprotein cholesterol to reduce cardiovas-
cular events in patients with atherosclerotic cardiovascu-
lar disease and optimally treated low-density lipoprotein
cholesterol Rationale and study design. The atherothrom-
bosis intervention in metabolic syndrome with low HDL/
high triglycerides: impact on global health outcomes
(AIM-HIGH). Am Heart J 2011; 161:471-7.

JPMI VOL. 34 NO. 4

22.

23.

24.

25.

26.

27.
28.

29.
30.

31.

Landray MJ, Haynes R, Hopewell JC, Parish S, Aung T, Tom-
son J et al. Effects of extended-release niacin with laropip-
rant in high-risk patients. N Engl J Med 2014; 371:203-12.

Pradhan AD, Paynter NP, Everett BM, Glynn RJ, Amarenco
P, Elam M et al. Rationale and design of the Pemafibrate
to Reduce Cardiovascular Outcomes by Reducing Tri-
glycerides in Patients with Diabetes (PROMINENT) study.
Am Heart J 2018; 206:80-93.

Wing RR, Lang W, Wadden TA, Safford M, Knowler WC,
Bertoni AG et al. Benefits of modest weight loss in im-
proving cardiovascular risk factors in overweight and
obese individuals with type 2 diabetes. Diabetes Care
2011; 34:1481-6.

Maraki MI, Aggelopoulou N, Christodoulou N, Anas-
tasiou CA, Toutouza M, Panagiotakos DB et al. Lifestyle
intervention leading to moderate weight loss normalizes
postprandial triacylglycerolemia despite persisting obesi-
ty. Obesity 2011; 19:968-76.

Appel LJ, Sacks FM, Carey VJ, Obarzanek E, Swain JF, Mill-
er ER et al. Effects of protein, monounsaturated fat, and
carbohydrate intake on blood pressure and serum lipids:
results of the omniheart randomized trial. ] Am Med As-
soc 2005; 294:2455-64.

Hyde PN, Sapper TN, Crabtree CD, La Fountain R, Bowling
M, Buga A et al. Dietary carbohydrate restriction improves
metabolic syndrome independent of weight loss. J Clin
Invest Insight 2019; 4:e128308.

Berglund L, Brunzell JD, Goldberg AC, Goldberg 1J, Sacks
F, Murad MH et al. Evaluation and treatment of hypertri-
glyceridemia: an endocrine society clinical practice guide-
line. J Clin Endocrinol Metab 2012; 97:2969-89.

2019 ESC/EAS Guidelines for the management of dyslipi-
daemias: lipid modification to reduce cardiovascular risk.
Eur Heart J 2020; 41:111-88.

Gordon B, Chen S, Durstine JL. The effects of exercise
training on the traditional lipid profile and beyond. Curr
Sports Med Rep 2014; 13:253-9.

Mann S, Beedie C, Jimenez A. Differential effects of aer-
obic exercise, resistance training and combined exercise
modalities on cholesterol and the lipid profile: review,
synthesis and recommendations. Sports Med 2014;
44:211-21.

CONTRIBUTORS
ZU conceived the idea, wrote initial manuscript,

collected data and finalized the draft. SEM and TG
helped correction of the proposal, literature search,
data collection, interpretation and overall supervision
of the project. SK, AN and AA provided technical sup-
port, helped in data interpretation and provided ex-
pert guidance where needed. All authors contributed
significantly to the submitted manuscript.

257



