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Abstract:

Globally, diabetes mellitus is a common health problem. People with diabetes are at a greater risk of developing
cardiovascular disease due to dyslipidaemia. The aim of the present study was to determine the association of Hypertriglyceridemia
and Glycated hemoglobin among T2DM individuals. The retrospective, observational study was conducted among T2DM patients
with isolated Triglyceride from January 2020 to Oct 2021. A total of 1248 T2DM individuals with Hypertriglyceridemia were
included in the study and were assessed for isolated hyper triglyceride and Glycated haemoglobin (HbA1C). Of 1248 patients, 801
(64.18%) were males and 447 were female (35.81%). The mean age, duration of diabetes and HbA1C was 56.873+12.3years,
15.87+5.92 years and 8.53+1.78% respectively. There exist a significant difference in isolated hyper triglyceride among the various
age groups, gender and HbALC. Isolated Triglyceride levels shows a positive correlation with age (r=0.219; p= 0.000), Gender
(0.076; p=0.008), HbA1C (r=0.104; p=0.00). The current study finding highlighted that there is a significant association between
Hypertriglyceridemia and Glycated haemoglobin in T2DM individuals. The proper control of Glycated haemoglobin might prevent
the predisposition of isolated triglyceride and reducing the risk of cardiovascular disease.
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Introduction:

In a country like India with its large population and diversified cultural practices and various lifestyle choices, experiences
different challenges, specifically when it comes to non-communicable diseases such as Diabetes. Diabetes mellitus (DM) is a major
socioeconomic burden and leading cause of morbidity and mortality. According to International Diabetes Federation (IDF, 2019),
there are approximately 463 million adults with diabetes, and the number is projected to rise to 700 million by 2045 (1). There are
various metabolic disorders associated with diabetes due to decreased insulin resistance. The poor glycaemic control predisposing
to the micro vascular and macro vascular complications. Type 2 Diabetes Mellitus (T2DM) is linked with cardiovascular morbidity
and mortality. Dyslipidaemia and hypertension are major cardiovascular risk factors in diabetes (2, 3). Diabetes patients, particularly
those with hyperglycaemia, are commonly affected by hypertriglyceridemia. Triglyceride levels are often accompanied by an
increase in non-HDL cholesterol, a combination known as atherogenic dyslipidaemia of diabetes (ADD) (4). In T2DM individuals,
elevated blood sugar levels and increased insulin resistance results in increased triglycerides levels, which leads to high production

and low clearance of chylomicrons and VLDL (5).
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Insulin resistance is higher in Asian population, when compared to white population as Indians use statin and Aspirin in
managing dyslipidemia. Asians have been found to develop cardiovascular conditions at a younger age than other ethnic groups
due to older arteries than their chronological age (6, 7). Mortality due to cardiovascular disease was higher among age group less
than 70 years when compared to greater than 70 years (8). Earlier studies showed that there is a link between hyper triglyceride and
increased blood sugar levels (9, 10). Recent study showed that significant percent of T2DM patients who received statin therapy
have hypertriglyceridemia (11). Thus it is significant to understand the underlying mechanism of insulin resistance and
dyslipidaemia predisposing to CVD (12, 13). There is a paucity of data on hypertriglyceridemia and its association with HbA1C
among T2DM individuals. There is a need to get a clear understanding of disease and its risk factors to facilitate the diagnosis,
treatment initiatives and risk factor interventions so as to improve the quality of life. Thus the current study focused to determine

the association of hypertriglyceridemia and Glycated hemoglobin among T2DM individuals.
Materials and Methods:

A retrospective cross sectional study was conducted among the T2DM patients to analyse the prevalence of isolated hyper
triglyceride in an outpatient department of a tertiary care centre in Chennai from January 2020 to October 2021. The study subjects
were recruited base on inclusion and exclusion criteria. Patient with Diabetes who were mentally oriented, aged between 30 and 80
years of both the genders, T2DM individuals with pre-existing comorbid conditions were included in the study. Those individuals
who were on alternative treatment for diabetes and other serious illness pregnant women, patients with incomplete medical records
were excluded from the study. Detailed patient history and clinical examination of all the included patients were done. Demographic
and clinical characteristics including age, gender, HbAlc, Lipid profile were recorded accordingly. All biochemistry work up
(HbALC, lipid profile) were conducted using D-100 BioRad and Roche Cobas C501 chemistry analyser. Isolated hypertriglyceride
was defined as Triglyceride >200 mg/dL, HDL less than 40mg/dL, LDL < 100 mg/dL, Total cholesterol < 200 mg/dL.

The demographic characteristics were analysed and presented as means, standard deviations, and percentages. Frequency
and percentage were calculated and tabulated for demographic variables. The independent sample t-test and analysis of variance
(ANOVA) test was used as appropriate for inferential statistics. A p-value of less than 0.05 was considered to be statistically
significant. ANOVA test was used to find a correlation between triglyceride and Glycated haemoglobin. Pearson correlation
analysis was used to evaluate the relationship between hypertriglyceridemia with age, gender and HbAlc. All data were analysed

using SPSS Software version 20 (IBM corp.) P-values less than 0.05 was considered statistically significant.
Results:

A total of 23,371 patients underwent lipid profile and Glycated haemoglobin during the study period. Out of 23,371
patients, 1248 T2DM patients with Hypertriglyceridemia (all lipid parameters are in normal range, except triglyceride), who fulfilled
the inclusion criteria were included in the study. Of 1248 patients, 801 (64.18%) were males and 447 were female (35.81%).
Majority of the individuals in study population was aged between 50 and 60 years. The mean age and the duration of diabetes was
56.873+12.3years and 15.8+years respectively. About 80.76% of the study population had family history of Diabetes. HbA1C level
is used as a marker of glycaemic control. The average HbAlc of the study population was 8.53%. Among the study population,
20.03% (n=250), 47.03% (n=587) and 32.93% (n=411) of the subjects had HbA1C was less than 7%, between 7.1 to 9% and more
than 9% respectively. Clinical data and demographic characteristics were summarized in Table 1.

There exist a significant difference in Hypertriglyceridemia among the various age groups (F-15.86; p=0.001), Likewise
significant difference exist among the gender (F-8.02; p=0.005) (Table 2). The age specific prevalence of isolated hyper
Triglyceride, showed that there exist a significant difference among male and female and also among the age groups (Table3).
Isolated Triglyceride levels shows a positive correlation with age (r=0.219; p=0.000), Gender (0.076; p=0.008), HbA1C (r=0.104;
p=0.00) as shown in Table 4.
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Discussion:

Multifactorial disorders such as diabetes present a wide range of lipid abnormalities. Among T2DM individuals, the
incidence of hyper triglyceride was high when compared to other lipid abnormalities (14, 15). The current study highlighted the
existence of significant correlation among HbA1C, Gender, and age with hypertriglyceridemia. This may aid in predicting the status
of triglyceride among T2DM individuals from the level of glycaemic control and consequently helps in picking up the patients who
are at increased risk from CVD events (16, 17). Diabetes itself is an independent risk factor for CVD, and it is one of the common
cause for mortality among diabetes patient (18, 19). The current study finding ighlighted that the poor glycaemic control increases
the risk of isolated triglyceride (20). The correlation of Glycated Haemoglobin with isolated hyper triglyceride, showed that it is
direct marker for hypertriglycerimia, further it would be the indirect marker of risk assessment of CVD. The need of the hour is to
increase the awareness among the clinicians about the relationship among isolated triglyceride and poorly controlled HbA1C in
T2DM individuals. Hence the clinicians should be careful in monitoring the fasting triglycerides level in patients with poorly

controlled glycaemic levels.

Isolated triglyceride, is common among individuals with T2DM in spite of taking statins. The findings of the current study
is in line with the earlier studies (21, 22). The prevalence of isolated hyper triglyceride was higher in earlier studies, when compared
to the current study (23-25). Further there exist a significant correlation between the Glycated haemoglobin and isolated triglyceride.
This finding is in line with the study conducted by Nagqvi et al., (26). Reduce-It trail emphasized the cardiovascular benefits by
controlling Triglyceride and other lipid lowering therapies (27). To reduce triglyceride levels and achieve glycaemic control,
lifestyle changes are equally important for patients with T2DM. According to earlier studies, patients who can lose 5-10% of their
body weight experience a significant reduction in triglyceride (25%), further it is creates a greater impact on glycaemic levels (28,
29).

In combination with low carbohydrate consumption, a diet high in unsaturated fat and protein lowers triglyceride levels
(30). It is well known that carbohydrates increase TG levels in general. Interestingly, a reduction in carbohydrate consumption led
to a lower TG level and a reversed metabolic syndrome based on a recently concluded randomized controlled trial (31 -33). Likewise
resistance and aerobic exercises also exhibits a beneficial effect in lowering TG levels (34, 35). Patients with T2DM are at a higher
risk of dyslipidaemia. The condition of dyslipidaemia and the associated risks should be explained to all patients with T2DM. In
addition to monitoring blood sugar levels regularly, monitoring the lipid profile is also essential for assessing and treating
dyslipidaemia. This could dramatically reduce the cardiovascular morbidity and mortality among T2DM patients.

Irrespective of the strength of the study such as sample size, relatively heterogeneous samples of general population, there
are major limitation such as, the study lacks the longitudinal follow-up of the patient. Even though the Glycated haemoglobin has
significant impact on isolated triglyceride, it is not enough to derive a conclusion on the correlation and association using this cross
sectional study. Further multicentre study is necessary to derive a conclusion and consolidate the existing knowledge on this topic
in local settings. Despite these limitations, the present provided the valuable data on hypertriglyceridemia among T2DM patients

among Indian population.
Conclusion:

A considerable amount of T2DM individuals have isolated triglyceride and they remains a high risk category for CVD
risk. The need of the hour is that the future research should focus on the isolated triglyceride among T2DM individuals who are at
higher risk for CVD. The current study highlights the control of Glycated haemoglobin in prevention of isolated triglyceride. The
proper control of Glycated haemoglobin might prevent the predisposition of isolated triglyceride and reducing the risk of

cardiovascular disease. To conclude, the long term study should be encouraged along with the specific screening strategies at the
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early stage of diabetes and should focus on the health dietary habits, exercise and medications. An exclusive multidisciplinary

approach is needed for dyslipidemia and specifically for isolated hyper triglyceride should be encourage during the visit with

Diabetologist and diabetes educators should play a major role in creating awareness among patients with diabetes in developing

country like India. Thus timely screening and monitoring is needed to reduce the CVD risk among T2DM individuals.
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Table 1: General and Biochemical Characteristics of the study population:
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S.NO Variables Male (n=801) Female (n=447) Total (n=1248)
1 Age 30- 39 79 (9.8%) 22 (4.92%) 102 (8.17%)
40 -49 172 (21.47%) 67 (14.98%) 239 (19.15%)
50 - 59 228 (28.46%) 151 (33.78%) 379 (30.36%)
60 - 69 218 (27.21%) 134 (29.97%) 352 (28.20%)
70 -79 104 (12.98%) 72 (16.10%) 176 (14.10%)
Mean Age 56.045+12.91 58.358+11.012 56.873+12.309
2 Duration of DM 18.56+ 5.62 15.19+ 6.27 15.87+5.92
3 Family History of DM 654 (81.64%) 354 (79.19%) 1008 (80.76%)
4 BP SBP 135.25+ 20.59 137+18.25 136.52+19.36
DBP 85.24 £ 10.25 82.56+12.54 53.26+11.49
5 HbAlc 8.47+1.75 8.65+1.82 8.53+1.78
6 HbAlc <7 167 (20.84%) 83 (18.56%) 250 (20.03%)
group 7.1-9 378(47.19%) 209 (46.75%) 587 (47.03%)
>9 253 (31.58%) 158 (35.34%) 411 (32.93%)
7 Triglyceride 305.66+143.03 282.94+110.5 297.14+132.68
Table 2: Descriptive statistics of the study participants
Variable N Triglyceride
Mean £ SD F- Value P Value
Age 30- 39 102 | 331.78+152.91 15.864 0.001*
40 -49 239 | 363.43+211.34
50-59 | 379 | 259.6+135.86
60-69 | 352 | 275.13+97.919
70 -79 176 | 261.05+71.98
Gender Male 801 | 305.66+143.03 8.023 0.005*
Female | 447 | 282.94+110.5
HbA1C <7 250 | 285.89+139.43 12.675 0.000*
7.1-9 587 | 283.33+£103.32
>9 411 | 324.15+£160.26
* denotes the values are significant at p<0.05
Table 3: Age specific prevalence of isolated Triglyceride
Age Male P- value Female P- Value
30- 39 339.17+£164.77 0.0001* 313.55+147.17 0.018*
40 -49 377.01+£224.93 314.26+£117.11
50 - 59 299.56+140.06 289.82+129.76
60 - 69 281.47+106.94 265.04+80.89
70 -79 256.35+55.035 267.83+91.116

Table 4: Correlation analysis of the study variables:

Variables Triglyceride p- Value
Age 0.219** 0.000
Gender 0.076** 0.008
HbAlc 0.104** 0.000

** Pearson Correlation is significant at p<0.001
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