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Summary

Background: Type 2 diabetes is a common condition that causes the level of sugar (glucose) in the blood
to become too high. It can cause symptoms relative insulin deficit, whether due to beta-cell damage, insulin
resistance. The study of carnitine and LDH levels in diabetic patients is significant because both play
important roles in the metabolism of glucose and fatty acids. Carnitine is a compound that transports fatty
acids into the mitochondria for energy production, while LDH (lactate dehydrogenase) is an enzyme involved
in the conversion of glucose to lactate. Humans with type 2 diabetes develop lipid accumulation due
to carnitine depletion. LDH is an essential physiological molecule in the glycolytic pathway, and its
concentration may be indicative of the condition of cellular metabolism.

Aim: For measuring and evaluating the levels of serum carnitine and LDH in all study groups.

Method: A case-control study was done in the Al-Zahraa Teaching Hospital, Kut, Iraq on 150 Iraqi
males and females as patients and control between (April 2022 and January 2023). Their ages ranged between
44 and 77 years. Among them were 120 patients divided into 4 groups 30 type 2 diabetes mellitus; 30 diabetic
cardiomyopathies; 30 diabetic nephropathies; 30 diabetic retinopathies and 30 control group where control
group's age and gender matched those of the patient groups. All patients gave written informed consent
to participate in the clinical study. ELISA was used to measure carnitine and LDH.

Result: In present study, it was confirmed that carnitine was significantly lower than the control group
and that LDH was significantly higher than the control group. the study demonstrated significant differences
in fasting blood sugar and HbA1C levels among the control group, DM2, DCM, DNP, and DRP groups.

Conclusion: This case-control study revealed significant differences in carnitine levels, LDH, FBS,
and HbA 1C levels among patients with Type 2 diabetes mellitus (T2DM) and their complications compared
to the control group. These findings suggest alterations in energy metabolism and cellular damage in patients,
indicating poorer glycemic control, and supporting the presence of uncontrolled diabetes.
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Introduction

Diabetes mellitus is simply described as having high blood sugar levels brought on by a whole or relative insulin
deficit, whether due to B-cell damage, insulin resistance, or both. Although diabetes is divided mainly into type 1
diabetes (T1DM) and type 2 diabetes mellitus (T2DM), there are other types of diabetes, such as monogenic
diabetes, gestational diabetes(GD) (1), and a late-onset autoimmune form latent autoimmune diabetes in adults
(LADA) (2). Carnitine and lactate dehydrogenase (LDH) are two important factors involved in the development
and management of diabetes. Carnitine is a compound that plays a crucial role in the transportation of fatty acids
into the mitochondria, where they are oxidized to produce energy. Carnitine deficiency has been observed
in individuals with diabetes, which can impair the utilization of fatty acids as an energy source.

Lactate dehydrogenase (LDH) is an enzyme involved in the conversion of lactate to pyruvate during anaerobic
glycolysis. In individuals with diabetes, there can be an increased production of lactate due to impaired glucose
utilization and mitochondrial dysfunction. This elevated lactate production can lead to a condition called lactic
acidosis, which is characterized by an accumulation of lactate in the blood. TIDM is a severe chronic autoimmune
condition that develops when the pancreatic cells fail to secrete endogenous insulin (typically as a result of B-cells
loss) (3). TIDM is also known as insulin dependent diabetes mellitus (IDDM) (Amiri, et al., 2021). Adult-onset
diabetes, or non-insulin dependent diabetes, also known as T2DM, is a metabolic condition that is characterized
by insulin resistance and pancreatic -cell failure as a result of uncontrolled hyperglycemia. GD is a condition
of impaired glucose tolerance that is identified during pregnancy in women who were not previously known to have
such a condition (4). A serious hyperglycemia is indicated by polydipsia, polyuria, and loss of weight, occasionally
paired with polyphagia and blurred vision (5). The idea that the development of insulin resistance and T2D
is correlated with tissue lipid accumulation and dysregulated fatty acid metabolism is supported by scientific findings
L-carnitine transfers long-chain fatty acids from the cytosol to mitochondria, which is necessary for beta-oxidation.
Fat cannot be used as fuel when carnitine is absent, so carnitine plays a significant role in the metabolism of fatty
acids (6). Many theories contend that type 2 diabetic patients are at a higher risk of carnitine deficiency. However,
a deficiency of carnitine leads to a deficit in energy metabolism and reduced energy output. Humans with type 2
diabetes develop lipid accumulation due to carnitine depletion (7). In people with diabetes type 2 and heart disease,
carnitine has been shown to improve insulin resistance and vascular function (8). Lactate is an essential physiological
molecule in the glycolytic pathway, and its concentration may be indicative of the condition of cellular metabolism (9).
Its high content may represent an early indicator of insulin resistance (10). Individuals with T2DM have greater
fasting plasma lactate concentrations than non-diabetics (11). Fasting plasma lactate concentrations are higher
in diabetic patients with obesity than in obese non-diabetics (12).

Materials and methods

A case-control study was done in the Al-Zahraa Teaching Hospital, Kut, Iraq on 150 Iraqi males and females
as patients and control between (April 2022 and January 2023). Their ages ranged between 44 and 77 years. Among
them were 120 patients divided into 4 groups 30 type 2 diabetes mellitus; 30 diabetic cardiomyopathies; 30 diabetic
nephropathies; 30 diabetic retinopathies and 30 control group where control group's age and gender matched
those of the patient groups. All patients gave written informed consent to participate in the clinical study. Carnitine
and LDH were measured by ELISA technique. ELISA Kit components for carnitine estimation are Standard (Freeze
dried), Biotin-antibody (100 x concentrate), HRP-avidin (100 x concentrate), Biotin-antibody Diluent, HRP-avidin
Diluent Sample Diluent, Wash Buffer (25 x concentrate), TMB Substrate, and Stop Solution. While ELISA Kit
Components for LDH Estimation are Standard, Sample Diluent, HRP-Conjugate Reagent, 20 x Wash solution,
Stop Solution, Chromogen Solution A, and Chromogen Solution B. Also fasting blood sugar and HbA1C were
measured by automated Cobas E411/Roche. Patients were asked questions via an anonymous questionnaire form
that included information such as age, height, weight, and others. Verbal informed consent was obtained from all
participants.

Sample Collection

Five milliliters of blood were taken from each participant's venous puncture in sterile gel tubes and left
to coagulate for a few minutes at room temperature before separating the serum from the clot by centrifugation
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for 10 minutes at 2012 xg. Then they were divided into several Eppendorf tubes and immediately frozen at -80 °C
until used in the bioassays.

Exclusion Criteria

Exclusion of Individuals with secondary causes of diabetes, such as pancreatic disease, hormonal disorders,
or drug-induced diabetes. Pregnant women or individuals with gestational diabetes. Individuals with impaired
glucose tolerance (IGT) or impaired fasting glucose (IFG) without meeting the diagnostic criteria for diabetes.
Individuals with incomplete or insufficient medical records or information. Individuals with a history of severe illness
or comorbidities that may impact the study outcomes or interpretation. Individuals with age, gender, compensation
of DM, current pharmacotherapy of DM, disease duration. Patients were not included if they had type 1 diabetes,
diabetic nephropathy, thyroid disorders, liver disorders, and autoimmune disorders.

Characteristics of the control group

It include: similar demographic characteristics, Similar baseline characteristics, no exposure to the intervention
or treatment being studied, placebo or standard of care treatment, randomization, and overall.

Tests and markers Kits were used in this study

Human carnitine and Human lactate dehydrogenase (LDH) ELISA Kit (MyBioSource, USA), Glucose kit
and HbA1C kit (Roche, Switzerland).

Diagnostic criteria for diabetes: Fasting Plasma Glucose (FPG) Test

Normal: FPG < 100 mg/dL, Prediabetes: FPG between 100-125mg/dL, Diabetes: FPG > 126mg/dL.
Hemoglobin A1C (HbA1C) Test

Normal: HbA1C < 5.7%, Prediabetes: HbA1C between 5.7-6.4%, and Diabetes: HbA1C > 6.5%.
Medication use by diabetic patients

Regarding medication use by diabetic patients, it depends on the individual's specific condition and management
plan. Medications are commonly prescribed to help control blood sugar levels and manage the symptoms
and complications of diabetes. The type of medication and its usage will vary based on factors such as the type
of diabetes (Type 1 or Type 2), the individual's overall health, and their response to lifestyle modifications.
Statistical analysis

The results were conducted according to GraphPad prism 9.2.1 and statistical package for social sciences (SPSS)
version 25 were used together, summarize, analyze, and present data. ANOVA was performed to determine
the significance of differences between groups. The data were expressed as mean + standard deviation (SD)
and P value<0.05 was considered statistically significant, while P-values equal to or less than 0.01 were considered
high significance using Tukey multiple comparisons.
Results
1. Determination of FBS and HbA1C between control and patient groups

A Comparison of fasting blood sugar and HbA1C among the control, DM2, DCM, DNP, and DRP groups was
shown in (Table 1). There was a significant difference in mean fasting blood sugar concentration among patients

and control groups (p < 0.001). The mean fasting blood sugar of the control group was significantly lower than
the mean of DM2, DCM, DNP, and DRP groups (p < 0.001) (Table 1) (Figure 1), while there was a significant
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difference in mean HbA1C value among patients and control groups (p < 0.001). The mean HbA1C of the control
group was significantly lower than the mean of the DM2, DCM, and DRP groups (p < 0.001) (Table 1) (Figure 2).

Table 1. Comparison of fasting blood sugar and HbA1C among control, DM2, cardiomyopathy, nephropathy and retinopathy
groups. There are differences between DM2 with DCM, DNP, DRP.

Characteristic | Control DM2 DCM DNP DRP P
n=230 n =30 n =30 n=230 n=30

FBS (mg/dL)

Mean +SD 88.8 £7.0 | 241.4+48.2 | 275.1£60.5 | 283+62.8 | 271.1+63.6 a0
<0.001

Range 80 - 100 150 - 350 180 - 420 190 - 400 182 -418

HbAI1C (%)

Mean £SD 5.26+0.25 | 8.46+1.28 9.64+1.67 | 9.4+£1.35 | 9.20£1.516 0.00
<0.001

Range 49-54 6.7-12 7.3-14 7.7-14.3 7-14.4

n: number of cases; SD: standard deviation; *: significant at p < 0.05; **: significant at p < 0.01; ***: significant at p < 0.001;
NS: not significant; DM2: diabetic mullites type 2; DCM: diabetic cardiomyopathy; DNP: diabetic nephropathy; DRP: diabetic
retinopathy; FBS: fasting blood sugar.
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Figure 1. Comparison of mean FBS among control group, DM2 group, DCM group, DNP group and DRP group. There are
differences between DM with DCM, DNP, DRP.
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Figure 2. Comparison of mean HbA1C among control group, DM2, DCM, DRP and DNP groups. There are differences between
DM with DCM, DNP, DRP and DNP.
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2. Determination of Carnitine and LDH between control and patient groups

A Comparison of carnitine and LDH among the control, DM2, DCM, DNP, and DRP groups are shown
in (Table 2). There was a significant difference in mean serum carnitine concentration among patients and control
groups (p <0.001). The mean serum carnitine of the control group was significantly higher than the mean of DM2,
DCM, DNP, and DRP groups (p < 0.001) (Table 2) (Figure 3), while there was a significant difference in mean
serum LDH activity among patients and control groups (p < 0.001). The mean serum LDH of the control group
was significantly lower than the mean of DM2, DCM, DNP, and DRP groups (p < 0.001) (Table 2) (Figure 4).

Table 2. Comparison of results of Carnitine and LDH biochemical markers among control group, DM2 group, DCM group,
DNP group, DRP group, and DRP group, There are differences between DM with DCM, DNP, DRP.

Characteristic Control DM2 DCM DNP DRP P
n=30 n =30 n =30 n=30 n=30
Carnitine (pmol/L)
Mean £SD 49.30 £6.47 | 32.70+6.8 38.13+8.3 | 34.50+10.1 33.40+9.2
<0.001
Range 40-74 20-51 26-62 22-60 21-61
LDH (U/L)
Mean £SD 161.54£31.7 | 230.8 £43.6 | 245.6 £47.6 | 251.4 £ 41.5 | 258.6 +45.3
<0.001

Range 115-225 134 -297 132-308 197 - 367 185-377

n: number of cases; SD: standard deviation; O: one way ANOVA; *: significant at p < 0.05; **: significant at p < 0.01;
*%%: significant at p < 0.001; NS: not significant; DM2: diabetic mullites type 2; DCM: diabetic cardiomyopathy; DNP: diabetic
nephropathy; DRP: diabetic retinopathy; LDH: lactate dehydrogenase.
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Figure 3. Comparison of mean Serum (S) Carnitine among control group, DM2 group, DCM group, DNP group and DRP
group. There are differences between DM with DCM, DNP, DRP. There are differences between DM2 with DCM, DNP, DRP.

Discussion

Since these patients had diabetes mellitus type 2 and insulin resistance, fasting blood sugar would be higher
at morning (13) (14). A study in the north of Iran by (15) showed a high significant FBS concentration in diabetic
retinopathy patients as compared with healthy people. Also, a case-control observational study done by (16)
on diabetic nephropathy patients showed high levels of FBS in these patients. The high HbA1C in the DM2 group
(8.46%) indicates these patients have impaired glycemic control, and this value increases with the DCM and DRP
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Figure 4. Comparison of mean LDH among control group, DM2 group, DCM group, DNP group and DRP group. There are
differences between DM2 with DCM, DNP, DRP.

groups, which means these patients have poor glycemic control due to increased blood sugar concentration, which
increases glycated protein, thus increasing HbA1C (17). A study by showed that HbA1C values were highly
significant in the diabetic type 2 group as compared with the non-diabetic group. Another cross-sectional study
done on 288 Saudi patients with DM2 by (18) showed these patients had poor glycemic control.

Diabetes is a condition linked with altered lipid and carbohydrate metabolism, resulting in oxidative stress.
Carnitine enhances the oxidation of long-chain acyl CoA in the mitochondria, which is considered to be the source
of insulin resistance in the heart and muscles; hence, it has substantial impacts on glucose metabolism. Additionally,
carnitine influences the activity of glycolytic and gluconeogenic enzymes. Finally, carnitine improves glucose
consumption in cells through changing the expression of genes involved in the insulin signaling cascade (19).
In type II diabetes, more carnitine is used to remove the intermediates of fatty acid oxidation, which contribute
to insulin resistance. Consequently, it is hypothesized that carnitine levels may be lower in people with type 11
diabetes compared to healthy (20). Another study showed that the serum carnitine concentrations in diabetic
individuals with complications were lower than those of diabetic individuals without complications. Also, a study
by (21) was found that there was a low level of carnitine in diabetic patients as compared with healthy people.

Since T2D is characterized by insulin resistance and obesity, obesity results in the production of a significant
amount of lactate by adipose tissue. Reduced blood supply to adipose tissue causes hypoxia and increased lactate
generation in obese individuals (22). Moreover, when adipocyte size rises and approaches the diffusion limit
of oxygen, lactate generation increases. Therefore, reduced oxygen availability in adipocytes may be largely
responsible for the excessive lactate generation associated with obesity. A case-control study done on 571 Singapore
Chinese patients with DM2 by (23) found that LDH had no significant association between LDH and DM2.

Conclusion

This case-control study revealed significant differences in carnitine levels and LDH levels among patients
with Type 2 diabetes mellitus (DM2) and their complications compared to the control group. The findings showed
that patients with T2DM and their complications had decreased carnitine levels, while LDH levels increased
significantly. These findings suggest alterations in energy metabolism and cellular damage in patients with T2DM
and their complications. Additionally, the study demonstrated significant differences in fasting blood sugar
and HbA1C levels among the control group, DM2, DCM, DNP, and DRP groups. FBS and HbA 1C levels were higher
in the patient groups compared to the control group, indicating poorer glycemic control, and supporting the presence
of uncontrolled diabetes. Overall, this study provides valuable insights into the biochemical changes associated
with DM2 and its complications. The observed differences in these tests highlight the importance of monitoring
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these parameters in the management and assessment of DM2 patients. It is recommended to monitor carnitine,
LDH, FBS and HbA1C levels in DM2 patients. Also, Glycemic control and the importance of a comprehensive
assessment should be made.
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