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Objective: One of the earliest echocardiographic features of the left ventricle explored extensively was left ventricular hypertrophy 
(LVH). Numerous studies have identified a few risk factors for LVH, however, there are few for people with diabetic kidney disease 
(DKD). Therefore, we evaluated the risk factors in DKD patients with LVH by analyzing laboratory data and clinical traits.
Methods: In total, 500 DKD patients in the Baoding area from February 2016 and June 2020 were admitted and classified as an 
experimental group (240 cases, LVH group) and a control group (260 cases, non-LVH group). The clinical parameters and laboratory 
tests of the participants were collected and analyzed retrospectively.
Results: Compared with the control group, low-density lipoprotein (LDL), body mass index (BMI), intact parathyroid hormone 
(iPTH), systolic blood pressure, and 24-hour urine protein were higher in the experimental group (all P<0.01). Multivariable logistic 
regression analysis results confirmed that high BMI (OR=1.332, 95% CI 1.016–1.537, P=0.006), LDL (OR=1.279, 95% CI 1.008– 
1.369, P=0.014) and 24-hour urine proteins (OR=1.446, 95% CI 1.104–1.643, P=0.016) were statistically significant. The ROC 
analysis illustrated that the optimum cutoff value of BMI, LDL, and 24-hour urine proteins for diagnosis of LVH in patients with DKD 
was 27.36 kg/m2, 4.18 mmol/L, and 1.42 g respectively.
Conclusion: The increase in BMI, LDL, and 24-hour urine proteins quantification are independent risk factors for LVH in patients 
with DKD.
Keywords: diabetic kidney disease, chronic kidney disease, risk factors, left ventricular hypertrophy

Introduction
Chronic kidney disease (CKD), which is defined as chronic kidney structural dysfunction caused by various reasons such 
as increased urinary albumin excretion or abnormal glomerulus filtration rate, has become a serious threat to public 
health as a result of the prevalence of diabetes and hypertension. Diabetic kidney disease (DKD) is the most common 
type of CKD.1–3 Left ventricular hypertrophy (LVH) is characterized by myocyte hypertrophy and interstitial fibrosis and 
is a common target organ in cardiovascular diseases (CVDs).4–6 LVH is an adaptive change of the body to long-term 
increased hemodynamic load, which is manifested by thickening of the ventricular wall, remodeling of the myocardium, 
and myocardium weight gain, leading to severe heart failure and malignant ventricular arrhythmia. LVH is identified as 
an independent risk marker for many kinds of CVDs and is extremely frequent in CKD.7 However, the pathogenesis of 
LVH is complicated, since it can be caused by many factors including hemodynamic factors, neurohumoral factors, and 
family genetic factors. It is closely related to a variety of cardiac arrhythmias and early intervention can decrease the risk 
of cardiovascular events and fatalities.8–10 Hence, early diagnosis and prevention of LVH have important clinical value. 
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Numerous research reports have revealed some risk factors for LVH, however, for patients with DKD, the data is lacking. 
Therefore, we assessed potential risk factors for DKD by analyzing clinical and laboratory data from patients with this 
disease.

This research aimed to identify potential risk factors for LVH in patients with DKD by collecting clinical and 
laboratory data from participants.

Methodology
Research Design and Subjects
This retrospective and multi-center study recruited patients with DKD in the Baoding area, between February 2016 and 
August 2020 from Baoding No. 1 Central Hospital, Baoding People’s Hospital, and Affiliated Hospital of Hebei 
University. This research was undertaken in compliance with the directions provided by the ethics committee of 
Baoding No. 1 Central Hospital (ethical approval number:2020079) to protect human subjects. Every procedure 
was carried out in conformity with the applicable policies, standards, and regulations.

Procedures
The clinical, laboratory, and cardiac color Doppler examination data of the patients were collected from electronic 
medical records by a group of medical researchers. The DKD patients were classified into the LVH group (experiment 
group) and the non-LVH group (control group).3,4 Five hundred patients with type 2 DKD from the Baoding area were 
included and confirmed by diagnostic standards published by American Diabetic Association′s standards for diagnosis 
and treatment of DKD in 2019. The inclusion criteria were as follows: a proteinuria was diagnosed with the urinary 
albumin to creatinine ratio (UACR) >30mg/g; b renal biopsy with clear pathological results without other CKD 
c estimated glomerular filtration rate (eGFR) >90mL/min/1.73m2. These patients all underwent renal biopsy, complete 
blood count, biochemistry, and infection indices tests. We recorded anthropometric parameters such as age, sex, weight, 
height, duration of diabetes, personal history, comorbidities, and therapy. In addition, blood pressure data were also 
obtained. The body mass index (BMI) was derived by dividing an individual’s total body weight by the square of their 
height (kg/m2).

Cardiac color Doppler examination included inter-ventricular septal thickness (IVST), left ventricular posterior 
diameter by echocardiography wall thickness (LVPWT), left ventricular end-systolic diameter (LVDs), and left ventri-
cular end-diastolic diameter (LEVDD). Every echocardiographic examination was carried out because it was medically 
necessary, and cardiologists verified the measurement information. According to the echocardiographic results, the 
relative wall thickness (RWT), and the left ventricular mass index (LVMI), four patterns of left ventricular geometry 
have been identified: concentric remodeling (elevated RWT but normal LVMI), eccentric LVH (elevated LVMI but 
normal RWT), eccentric LVH (elevated LVMI but normal RWT), and normal (normal LVMI and RWT). LVMI > 95 g/m2 

and > 115 g/m2 for women and men, correspondingly, was typically used to designate LVH.4

Exclusion criteria: ① Diabetic ketoacidosis, hyperosmolar nonketotic coma, urinary tract infection, heart, liver, and acute 
kidney insufficiency, rheumatic diseases, and other systemic diseases. ② Pregnant, lactating women or women of childbearing 
age who intend to become pregnant. ③ Renal artery stenosis. ④ History of kidney transplantation. ⑤ Decompensated stage 
of liver cirrhosis, or a history of hepatic encephalopathy. ⑥ Congenital heart disease, pulmonary heart disease, and myocardial 
infarction.

All of the patients who participated in the research submitted their written informed consent prior to participation.

Statistical Analysis
Mean±standard or median (inter-quartile range) were utilized to present continuous variables based on the normality of the 
data. Counts and proportions were used to present categorical variables, which were subjected to comparison with χ²-test or 
Fisher’s exact test between control and experiment groups. Univariate analysis was undertaken to examine patients’ clinical 
features, whereas binary logistic regression was employed to examine the multivariate differences (variations). Then, ROC 
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curves of relevant potential markers were drafted. Two-tailed p value <0.05 denoted the significance level. The analyses of 
all statistical data were executed with SPSS, version 25.0 (IBM SPSS).

Results
Demographics and Characteristics
Five hundred participants were included in the research (Table 1). The mean age was 59.2 for the experimental group and 
61.7 for the control group. Most patients had comorbid conditions, which include hypertension (n=176 [73.5%] for the 
experiment group and n=180 [69.1%] for the control group), CVDs (n=66 [27.5%] for the experiment group and n=75 
[29.1%] for the control group). Most (n =242 [92.7%] for the experiment group and n=240 [91.5%] for the control group) 
patients need hypoglycemic agents. Moreover, around half of all need ACEI or ARB (n =123 [51.2%] for the experiment 
group and n=126 [48.6%] for the control group), lipid-lowering agents (n =153 [63.7%] for the experiment group and 
n=163 [62.5%] for the control group) and β blocking agents (n =160 [66.3%] for experiment group and n=156 [65.0%] 
for the control group). As opposed to the control patients, systolic blood pressure, BMI, low-density lipoprotein (LDL), 
intact parathyroid hormone (iPTH), and 24-hour urine proteins were elevated in the experimental group (all P<0.01).

Laboratory Examinations
Laboratory results at admission are inducted in Table 2. The LDL was elevated for patients of the experiment group (3.45 
±1.12), whereas that of the control group (2.85±0.76) remained at a normal level (p<0.001). The 24 h-Upros of the 
experiment group (1.85±0.62) was substantially higher than the control group (1.23±0.46) (p<0.001). The PTH of the 
experiment group (82.7[62.7, 96.3]) was also higher than that of the control group (73.6 [58.4, 82.3]) (p<0.001).

Prognostic Value of Laboratory Findings
The statistically significant univariate variables above (p<0.05) were incorporated into the binary logistic regression analysis 
model. We analyzed the differences to find independent risk factors for predicting the disease outcome (Table 3). Multivariable 

Table 1 Clinical Characteristics of Patients with Diabetic Kidney Disease

Variables Experiment Group 
(n=240)

Control Group 
(n=260)

P value

Gender

Male (n, %) 132 (55.0) 140 (53.8) 0.480
Age, median (IQR), years 59.2±12.3 61.7±11.9 0.105

BMI (kg/m²) 27.40±4.8 23.50±2.1 <0.001*

SBP (mmHg) 150.8±18.5 139.2±11.4 <0.001*
DBP (mmHg) 84.4±9.8 84.1±9.2 0.138

Diabetic duration (years) 9.2±3.4 8.9±2.9 0.172

Comorbidities (n, %)
Hypertension 176 (73.3%) 180 (69.2%) 0.484

Cardiovascular diseases 66 (27.5%) 75 (28.8%) 0.798

Personal history (n, %)
Smoking 105 (43.8%) 113 (43.5%) 0.954

Drinking 84 (35.0%) 85 (32.7%) 0.715
Treatment (n, %)

ACEI or ARB agents 123 (51.2%) 126 (48.5%) 0.944

Hypoglycemic agents 222 (92.5%) 240 (92.3%) 0.320
Lipid-lowering agents 153 (63.7%) 163 (62.7%) 0.837

β blocking agents 160 (66.7%) 156 (60.0%) 0.107

Note: *P<0.05. 
Abbreviations: BMI, body mass index; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; 
ACEI, Angiotensin-converting enzyme inhibitor; ARB, Angiotensin receptor blockers.
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analysis results illustrated that high BMI (OR=1.332, 95% CI 1.016–1.537, P=0.006), LDL (OR=1.279, 95% CI 1.008–1.369, 
P=0.014) and 24-hour urine proteins (OR=1.446, 95% CI 1.104–1.643, P=0.016) were statistically significant. Then, ROC 
curves of relevant potential markers were drafted (Figure 1), and we found that LDL, BMI, and 24 h-Upros all showed better 

Table 2 Laboratory Findings of Patients with Diabetic Kidney Disease

Variables Reference values Experiment Group (n=240) Control Group (n=260) P value

Hb (g/L) 110–160 135.36±12.45 143.27±16.56 0.548

WBC (×109/L) 3.5–9.5 5.32±2.15 5.19±1.98 0.819

PLT (×109/L) 125–350 298.4±78.6 292.5±69.4 0.802

LDL (mmol/L) 1.81–3.42 3.45±1.12 2.85±0.76 <0.001*

Triglyceride (mmol/L) 0.56–1.7 1.81±0.72 1.78±0.65 0.174

Total cholesterol (mmol/L) 3.1–5.2 5.51±2.16 5.42±1.98 0.204

High density lipoprotein (mmol/L) 1.04–1.55 0.81 ±0.25 0.79±0.22 0.185

Serum phosphate (mmol/L) 0.81–1.45 0.88±0.34 0.85±0.38 0.239

HbAlc (%) 4.0–6.0 6.7 (5.5, 7.9) 6.5 (5.1, 7.5) 0.104

24 h-Upro (g) 0–0.15 1.85±0.65 1.23±0.46 <0.001*

CRP (mg/L) 0.0–8.0 6.83±2.84 7.11±2.59 0.795

ALB (g/L) 1.20–2.40 37.44±9.55 36.52±8.89 0.658

Scr (μmol/L) 58–110 72.51±18.25 74.19±16.58 0.917

Serum uric acid (μmol/L) 208–420 418.4 (258.4, 456.9) 405.7 (262.3, 462.1) 0.335

Serum calcium (mmol/L) 2.11–2.52 2.11±0.25 2.23±0.31 0.226

Serum phosphorus (mmol/L) 0.8–0.1.4 1.22±0.41 1.19±0.37 0.459

iPTH (pg/mL) 15–75 82.7 (62.7, 96.5) 73.6 (58.4, 82.3) <0.001*

Vitamin D 25 (ng/mL) 30–100 52.5 (34.6, 69.3) 55.6 (29.8, 72.1) 0.248

LVMI (g/m2) 50–95 128.8 (113.4, 147.1) 78.1 (62.6, 88.7) 0.241

Note: *P<0.05. 
Abbreviations: Hb, Hemoglobin; WBC, White blood cells; PLT, Platelets; LDL, low-density lipoprotein; HbAlc, HemoglobinA1c; CRP, C-reactive protein; ALB, 
Albumin; iPTH, intact parathyroid hormone; 24h-Upro, 24-hour urine proteins; LVMI, left ventricular mass index.

Table 3 Results of Multivariate Analysis for LVH in DKD 
Patients

Variables P OR 95% CI

SBP 0.084 0.883 0.767–1.017

BMI 0.006* 1.332 1.016–1.537
iPTH 0.247 0.948 0.865–1.038

24h-Upro 0.016* 1.446 1.104–1.643
LDL 0.014* 1.279 1.008–1.369

Note: *P<0.05. 
Abbreviations: SBP, Systolic blood pressure; BMI, body mass index; 
iPTH, intact parathyroid hormone; 24h-Upro, 24-hour urine proteins; 
LDL, low-density lipoprotein.
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performance. The ROC analysis confirmed that the optimum cut off value of BMI, LDL, and 24-hour urine proteins for 
diagnosis of LVH in patients with DKD was 27.36 kg/m2, 4.18 mmol/L and 1.42 g respectively (Table 4).

Discussion
LVH is an increase in the volume and the long axis of the heart during systolic or diastolic periods and can be divided 
into centripetal and centrifugal hypertrophy. Patients with CKD are predominantly affected by LVH, making it the most 
frequent structural heart lesion, and the prevalence of LVH in stage 1–3 CKD patients has exceeded 50%, which is 
significantly higher than the general population.11 LVH is a compensatory response of cardiomyocytes to strength 
training and aerobic exercise, as well as a pathological response to hypertension and cardiovascular disease. 
Cardiovascular events account for up to 43% of deaths in CKD patients, hence, the early intervention of LVH can 
effectively reverse LVH and improve the survival rate of CKD patients.12

The results of our research may have been influenced by numerous variables, which include BMI, LDL, and 24 
h-Upros.

Urine Albumin is a sensitive detection marker for kidney and CVDs, indicating early renal damage in patients with 
hypertension and diabetes. Several research reports have illustrated that urine albumin is associated with LVH, however, 
most of them are single-center retrospective studies and need to be further confirmed by large-sample multi-center 
prospective studies.13 Jørgensen et al14 found that among 912 patients with type 2 diabetes who had no history of CVDs, 
both microalbuminuria and macroalbuminuria subjects had impaired diastolic function, however, the impaired systolic 

Figure 1 ROC curves of various indicators for LVH in DKD patients.

Table 4 AUC of the Laboratory Findings for LVH in DKD Patients

Variables AUC Sensitivity Specificity P values Optimal Cutoff Point

BMI (kg/m2) 0.963 (0.895–0.986) 89.5% 78.3% <0.001* 27.36

LDL (mmol/L) 0.957 (0.883–0.972) 88.2% 79.7% <0.001* 4.18
24 h-Upro (g) 0.921 (0.872–0.943) 90.2% 80.3% <0.001* 1.42

Note: *P<0.05. 
Abbreviations: BMI, body mass index; LDL, low-density lipoprotein; 24h-Upro, 24-hour urine proteins.
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function was only found in the macroalbuminuria group. Another study showed that the LVMI increased with the 
increase of urinary albumin and subjects with microalbuminuria mainly exhibited impaired left ventricular diastolic 
function, while subjects with large albuminuria showed the impairment of both diastolic and systolic function.15 

Chillawar et al discovered that LVH was associated with microalbuminuria or macroalbuminuria in patients with 
moderate-to-severe hypertension, following the adjustment for serum creatinine, age, diabetes, race, smoking, hyperten-
sion, and other confounding factors.16 In our study, we also confirmed that increased proteinuria served as a risk indicator 
for LVH in an independent manner in patients with DKD.

Low-density lipoprotein (LDL) is a type of lipoprotein that is involved in transporting cholesterol into the cells of 
peripheral tissue. Oxidation of LDL may result in oxidized LDL cholesterol (Ox-LDL-C), which is linked to an elevated 
risk of coronary heart disease, vascular disease mortality, myocardial infarction, and atherosclerosis. When there is an 
abundance of Ox-LDL, cholesterol will begin to accumulate on the artery wall, which will eventually contribute to the 
onset and progression of arteriosclerosis. Accumulation of small dense atherogenic LDL will stimulate xanthine oxidase, 
NAD(P)H oxidase, etc, causing accumulation of superoxide, which plays an integral function in hypertension, endothe-
lial dysfunction, decreased bioavailability of nitric oxide, and vascular remodeling.17 Xiao FK et al18 found that among 
patients with high-normal blood pressure, the multivariate analyses showed a significant and independent association of 
LVMI with total cholesterol, triglyceride, andLDL.18 This is consistent with our findings. However, several research 
reports have demonstrated that LDL independently served as a risk indicator for LVH.19 This inconsistent result may be 
related to the study population, the type of disease, and the size of the sample., so it needs to be further clarified by large 
sample, multi-center and prospective studies.

LVH appears to occur frequently in obese patients, whether assessed by body mass index (BMI) or waist circum-
ference. This is consistent with other observations, even in the absence of comorbidities such as hypertension.20 

Nonetheless, it is unclear if obesity is a direct or indirect contributor to LVH risk. In our study, BMI is a risk indicator for 
LVH, suggesting that the elevated blood volume and long-term enhanced cardiac output caused by obesity-induced 
metabolic demand could be a significant factor for cardiac size. Nonetheless, the exact physiological reasons for this still 
need to be fully illustrated.

To the best of our knowledge, this study firstly showed that the increasing of LDL, BMI, and 24 h-Upros were 
independent risk markers for LVH in patients with DKD. NO study has examined the association between these markers 
and DKD patients with LVH. Hence, this result might be useful in early treating those patients with DKD and LVH. In 
contrast, as a retrospective study, our study has some limitations. First, the patients who participated in this research were 
all from the same geographic region, and the size of our sample was not very large. The clinical finding might not be 
applicable in other contexts. To additionally demonstrate the effectiveness of these biological markers, more independent 
validation datasets are required. Secondly, our research design failed to clarify the etiology and treatment of LVH in 
DKD patients, making it difficult to completely control the interference of other confounders. Lastly, some medications, 
such as sodium-dependent glucose transporters 2 inhibitor or glucagon like peptide-1 receptor agonist treatments may 
improve LVH in patients with DKD, but our study had not consider these drugs. As a result, these findings must be 
integrated with the actual clinical situation, and further prospective multi-center research is required to corroborate them.

Conclusion
In our study, the increase of LDL, BMI, and 24 h-Upros were risk markers for LVH in patients with DKD. For accurate 
assessments of patient severity and outcomes, more elaborate models incorporating more indicators are required.
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