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Abstract: Objective To detect the blood lactate levels in patients with type 2 diabetes mellitus (T2DM) and analyze its
correlation with various cardiac function indexes. Methods A cross-sectional study was conducted on 188 T2DM patients
treated in the Department of Endocrinology, the Second Affiliated Hospital of Zhengzhou University from April to July 2023.
Based on whether the blood lactate level was greater than 2.5 mmol/L, they were divided into T2DM+ elevated blood lactate
group (n=100) and T2DM + normal blood lactate group (n=88). On the next day of admission, all enrolled patients underwent
fasting venous blood tests for biochemical analysis, myocardial enzyme markers, and echocardiography to measure left
ventricular ejection fraction (LVEF), left ventricular end-diastolic diameter (LVEDD), and other related cardiac function indexes.
The correlations between blood lactate levels and cardiac function indexes in patients with T2DM were analyzed. Results
Compared with the T2DM+normal blood lactate group, the T2DM+elevated blood lactate group was younger, and had a
higher proportion of males (P< 0.05); Fasting blood glucose (FBG), glycated hemoglobin (HbA1c), insulin resistance index,
triacylglycerol (TG), very low density lipoprotein cholesterol (VLDL-C) increased (P<0.05), and 25 hydroxyvitamin D [25-(OH) D]
decreased (P< 0.05); LVEDD increased (P< 0.01)，while LVEF decreased (P< 0.01). Spearman correlation analysis showed that
blood lactate level was positively correlated with FBG, HbA1c, insulin resistance index, VLDL-C, TG, and LVEDD (r=0.204, 0.203,
0.213, 0.282, 0.324, 0.600, P<0.05), respectively; and negatively correlated with gender and LVEF (r=-0.172, -0.646, P<0.05),
respectively; but not with age or 25-(OH) D (r=-0.131, -0.084, P>0.05). Multiple linear regression analysis showed that LVEF
and LVEDD were influencing factors of blood lactate (P<0.05). Conclusion In patients with T2DM, an increase in blood lactate
levels is associated with a decline in cardiac function.
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Latest data show that type 2 diabetes mellitus
(T2DM) accounts for over 90% of diabetes cases [1].
Plasma lactate concentration correlates with glycolytic
rate, with mitochondrial oxidative capacity being critical
to glycolytic rate [2]. In patients with T2DM, sustained
hyperglycemia promotes the release of inflammatory
factors, leading to chronic subclinical inflammation. This
condition may impair mitochondrial function, affecting
glycolytic rate and increasing the risk of lactate
accumulation [3]. Skeletal muscle and myocardium are
the primary tissues producing lactate. In cases of heart
failure, impaired cardiac pumping can lead to inadequate
circulatory blood volume, resulting in tissue hypoxia. In
this scenario, glycolytic rate slows down, leading to
increased lactate production and reduced metabolism in
tissues and organs, thus causing lactate accumulation.
Consequently, blood lactate levels in the body continue to
rise, resulting in hyperlactatemia and potentially even
lactic acidosis. Although research now indicates a
relationship between lactate and T2DM, studies on the
correlation between elevated lactate levels and heart
failure in T2DM patients are limited. This study analyzes
blood lactate levels and related factors in T2DM patients,

and evaluates the correlation between blood lactate levels
and heart failure.

1 Materials and methods

1.1 Study subjects

This cross-sectional study included 188 T2DM
patients who visited The Second Affiliated Hospital of
Zhengzhou University from April 2023 to July 2023. All
patients underwent blood lactate testing and were divided
into high lactate group (n = 100) and normal lactate group
(n = 88) based on whether their blood lactate level
exceeded 2.5 mmol/L. The study was approved by the
Ethics Committee of The Second Affiliated Hospital of
Zhengzhou University (Approval No. 2023081). Study
subjects provided informed consent and signed clinical
research informed consent forms.

1.2 Study methods

General information of all subjects was recorded,
including age, sex, height, weight, systolic blood pressure,
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diastolic blood pressure, etc. Body mass index (BMI) was
calculated. After a 10-hour overnight fast, fasting venous
blood was collected on the morning of admission. Fasting
blood glucose (FBG), glycated hemoglobin (HbA1c),
fasting insulin, fasting C-peptide, lipid profile,
electrolytes, 25-hydroxy vitamin D [25-(OH)D], creatine
kinase (CK), creatine kinase isoenzyme (CK-MB), and
lactate dehydrogenase (LDH) were measured on the same
day. Homeostatic model assessment for insulin resistance
(HOMA-IR) was calculated as fasting insulin × fasting
glucose / 22.5. Doppler ultrasound (Philips, models EPIQ
7C and IE33, probe frequency 1-5 MHz) was used to
measure left ventricular ejection fraction (LVEF), left
ventricular end-diastolic diameter (LVEDD),
interventricular septal thickness (IVST), and left
ventricular posterior wall thickness (LVPWT).

1.3 Exclusion criteria

(1) Use of exogenous insulin; (2) History of
congenital heart disease; (3) History of cardiac-related
diseases such as coronary heart disease, valvular heart
disease, etc.; (4) Presence of infection; (5) Use of drugs
known to affect lactate metabolism such as metformin; (6)
Abnormal liver or kidney function, gastrointestinal
diseases, malignancies; (7) Mobility impairment, elderly
frailty, communication barriers, inability to complete all
tests; (8) Family history of hereditary diseases.

1.4 Statistical methods

SPSS 25.0 software was used for statistical analysis.

Normally distributed continuous data were presented
as x± s and analyzed using independent sample t-tests.
Non-normally distributed continuous data were presented
as M (P25, P75) and analyzed using non-parametric tests.
Count data were presented as case and analyzed using
chi-square tests. Spearman rank correlation analysis was
used to assess the correlation between blood lactate and
various indicators. Multiple linear regression analysis was
used to assess the linear dependence of blood lactate on
various indicators. P<0.05 indicated statistical
significance.

2 Results

2.1 Comparison of age, sex, BMI, and biochemical
indicators between two groups

Compared to the normal lactate group, patients in
high lactate group had younger age, higher proportion of
males, increased FBG, HbA1c, insulin resistance index,
triglycerides (TG), very low-density lipoprotein
cholesterol (VLDL-C), and decreased 25-(OH) D
(P<0.05). See Table 1.

2.2 Comparison of cardiac function indicators
between two groups

LVEDD was higher and LVEF was lower in T2DM
patients with elevated blood lactate compared to those
with normal lactate (P<0.01). See Table 2.

Tab. 1 Comparison of general information and biochemical indexes between two groups

Note：a represented as x ±s; b represented as M（P25, P75）; Body mass index (BMI); High density lipoprotein cholesterol (HDL-C); Low density lipoprotein

cholesterol (LDL-C).

Indicator Normal lactate group（n=88） High lactate group（n=100） t/χ2 /Z value P value

Blood lactate (mmol/L)a 2.35±0.69 2.88±0.76 3.276 0.001
Age（years）a 65.57±12.20 60.56±14.32 2.564 0.011
Male/female (case） 36/52 64/36 10.020 0.001
BMI（kg/m2）a 24.47±3.24 25.03±3.25 1.181 0.239
FBG（mmol/L）b 7.36（6.16，9.80) 8.46(7.10,10.84) 2.205 0.027
HbA1c（%）b 7.35（6.45，8.71) 8.36(7.27,10.31) 2.598 0.009
Insulin （uU/mL）b 6.34（4.65，10.60) 7.41(5.19,12.06) 1.314 0.189
C-peptide （ng/mL）b 3.34（2.45，5.00) 3.61(2.48,4.72) 0.572 0.567
HOMA-IRb 2.19（1.28，3.89） 2.96（1.79，4.59） 2.082 0.037
25-（OH）D（ng/mL）a 18.61±6.64 15.82±6.53 2.335 0.021
TC（mmol/L）a 4.12±1.19 4.42±1.24 1.359 0.176
TG（mmol/L）b 1.04（0.87,1.52） 1.49（1.07,2.27） 3.075 0.002
HDL-C（mmol/L）a 1.28±0.34 1.30±0.35 0.386 0.700
LDL-C（mmol/L）b 2.34（1.72,3.17） 2.52（1.99，3.45） 1.312 0.190
VLDL-C（mmol/L）b 0.60（0.43,0.82） 0.77（0.55，1.39） 2.865 0.004
Uric acid （μmol/L）a 269.59±74.39 293.60±97.03 1.463 0.146
Creatinine （μmol/L）b 66.50（58.00，77.75） 60.00 (50.50，72.00) 1.757 0.079
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Tab.2 Comparison of cardiac function indexes between two groups

Note：a represented as x ±s; b represented asM（P25, P75）.

2.3 Spearman correlation analysis between blood
lactate and various indicators

Blood lactate levels were positively correlated with
FBG, HbA1c, HOMA-IR, VLDL-C, TG, and LVEDD
(r=0.204, 0.203, 0.213, 0.282, 0.324, 0.600; P<0.05);
blood lactate levels were negatively correlated with sex
and LVEF (r=-0.172, -0.646; P<0.05); there was no
correlation between blood lactate levels and age or
25-(OH) D (r=-0.131, -0.084; P>0.05).

2.4 Multiple linear regression analysis of factors
influencing blood lactate

Indicators that showed statistically significant
correlation with blood lactate were included in multiple
linear regression analysis, and the result showed that
LVEF and LVEDD were influencing factors for blood
lactate (P<0.01). See Table 3.

Tab.3 Multiple linear regression analysis affecting blood

lactate levels

Factors β（95％CI） β’ t value P value

Constant 2.306（0.246，4.366） 2.214 0.028
Female -0.025（-0.243，0.193） -0.016 -0.223 0.824
FBG -0.007（0.246，4.366） -0.027 0.275 0.784
HbA1c 0.036（-0.030，0.101） 0.098 1.079 0.283
HOMA-IR 0.038（-0.007，0.082） 0.126 1.681 0.095
LVEF -0.030（-0.046，-0.013） -0.343 -3.547 0.001
LVEDD 0.033（0.009，0.056） 0.275 2.759 0.007
TG -0.046（-0.156，0.064） -0.146 -0.828 0.409
VLDL 0.187（-0.126，0.500） 0.210 1.180 0.240

3 Discussion

This study investigated blood lactate levels in 188
patients with T2DM and found that 69.4% of T2DM
patients had elevated blood lactate levels, with males
showing higher levels than females. Eljaaly et al. [4]
reported higher uric acid concentrations in male diabetic
patients compared to females, suggesting that gender may
influence metabolic functions. Previous studies have
indicated a positive association between blood lactate and
elevated estradiol, and a negative association between
blood lactate and testosterone levels [5]. In contrast, our

study's results may be biased due to the selected data,
necessitating further research to validate underlying
mechanisms. The study found that the age of the high
lactate group was slightly younger than the normal lactate
group, but Spearman correlation analysis showed no
correlation. Similar conclusions were drawn by Xiang et
al. [6], suggesting lower blood lactate levels in elderly
patients compared to younger and middle-aged patients,
indicating a negative correlation with age. Although
research on blood lactate levels across different age
groups is limited, it is speculated that elevated lactate
levels are associated with aging and declining metabolic
levels, potentially influenced by data biases in this study,
requiring further investigation.

Most studies suggest correlations between blood
lactate and FBG, HbA1c, and pancreatic function [7].
Elevated blood glucose levels in diabetic patients can
impair mitochondrial activity, increase intracellular
glycolysis processes, leading to lactate accumulation,
ultimately raising blood lactate levels [8]. A prospective
study of Japanese T2DM patients showed a positive
correlation between blood lactate levels and FBG and
HbA1c [2], consistent with our findings: different blood
lactate level groups showed differences in FBG, HbA1c,
and insulin resistance index, while insulin and C-peptide
levels did not significantly differ, suggesting a closer
relationship between blood lactate and blood glucose
concentrations than pancreatic function.
Clinical studies have demonstrated a negative

correlation between circulating 25-(OH)D levels and
HbA1c [9]. In this study, the high lactate group had
higher HbA1c and lower 25-(OH)D levels compared to
the normal group, similar to previous research findings.
Vitamin D appears to be a potential regulator of insulin
secretion, with active vitamin D participating in insulin
biosynthesis and secretion. In a study involving 417
Japanese individuals at risk of diabetes, significant effects
of alfacalcidol in preventing T2DM were observed,
especially in participants with insufficient insulin
secretion [10]. Additionally, vitamin D supplementation
can improve insulin secretion [11], reducing diabetes risk
by approximately 11%.

Blood lactate is associated with blood lipid
parameters. in this study, the high lactate group had
higher TG and VLDL levels than the normal lactate group,
and Spearman correlation analysis showed a positive

Indicator Normal lactate group（n=88） High lactate group（n=100） t/Z value P value
LDH（u/L）a 174.66±40.58 168.03±38.82 1.144 0.254
CK（u/L） 78.50（52.50,111.25) 63.50(50.25,95.00) 1.119 0.230
CK-MB（u/L） 12.50（9.25,15.75) 11.00(9.00,15.19) 0.895 0.371
LVEF (%)a 62.23±5.42 47.07±5.28 19.402 <0.001
LVEDD (mm) a 44.16±4.38 54.77±4.07 17.210 <0.001
IVST(mm) b 10.50（10.00,12.00) 11.00(10.00,12.00) 0.217 0.828
LVPWT(mm) b 10.00（9.00,10.00) 10.00(9.00,11.00) 1.079 0.281
Systolic blood pressure（mmHg）
b

133.00(126.00,146.00) 134.00（126.25，150.75) 0.421 0.674

Diastolic blood pressure (mmHg）
b

79.00（75.00，86.00) 80.00(76.00,86.00) 0.478 0.632
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correlation between blood lactate and TG, VLDL. There
is a certain correlation between blood lactate and blood
lipids. A study injecting lactate into mouse muscles and
administering forskolin, an activator of the cAMP-PKA
pathway, via intramuscular and intraperitoneal routes,
investigated the role of the cAMP-PKA pathway in
lactate-induced intramuscular TG accumulation and
increased mitochondrial content; after 5 weeks of lactate
injection, TG levels increased in mouse gastrocnemius
muscles. The study suggested that lactate-induced
intramuscular TG accumulation is achieved by inhibiting
lipolysis, regulated by the cAMP-PKA pathway [12]. In
this study, T2DM patients in the high lactate group had
higher blood lipids, and interventions such as diet control
and moderate exercise to reduce blood lipids may benefit
metabolism and lower blood lactate levels.

The study results also showed that the high lactate
group had significantly lower LVEF and higher LVEDD
compared to the normal lactate group, with a negative
correlation between blood lactate levels and LVEF, and a
positive correlation with LVEDD. Multiple linear
regression analysis results indicated that LVEF and
LVEDD are factors influenced by blood lactate,
suggesting a correlation between T2DM patients with
elevated blood lactate and impaired cardiac function; the
higher the blood lactate, the lower the LVEF and the
larger the LVEDD, indicating worse cardiac function and
prognosis. Increasing evidence suggests that impaired
mitochondrial oxidative phosphorylation is associated
with decreased oxidative capacity, which correlates with
insulin resistance and T2DM [13]. In T2DM patients,
insulin resistance-induced inhibition of insulin signaling
can trigger a series of immune reactions, exacerbating
inflammatory states [14], potentially further impairing
mitochondrial function and affecting oxidative capacity.
Elevated blood glucose in T2DM accompanied by high
lactate levels results in the formation of advanced
glycation end products (AGEs); AGEs are glycosylated
proteins or lipids exposed to glucose for prolonged
periods. AGEs can crosslink with extracellular matrix
proteins, increase fibrosis, impair myocardial relaxation,
activate intracellular damage through AGE receptors,
increase cytoplasmic reactive oxygen species (ROS), and
activate inflammation pathways through NF-κΒ signaling.
ROS can mediate mitochondrial uncoupling, and
mitochondrial damage leads to impaired intracellular
calcium handling. Sarcoplasmic reticulum calcium
transport ATPase (SERCA-2) enters the sarcoplasmic
reticulum to reuptake calcium, which is an
energy-dependent process. Insufficient energy may lead
to abnormal cardiac contraction and relaxation [15],

increasing the likelihood of heart failure before and after.
In summary, there is a certain correlation between

T2DM accompanied by elevated blood lactate and cardiac
dysfunction, but the specific mechanisms require further
study. For patients with T2DM, achieving standard blood
glucose and lipid levels are important measures to reduce
blood lactate levels and maintain cardiac function.

The authors report no conflict of interest
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