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ABSTRACT
Background and objectives: Cumulative evidence confirms that mild renal dysfunction 
(MRD) is correlated with many cardiovascular risk factors and increases cardiovascular 
morbidity and mortality. The purpose of this study was to establish an effective nomogram for 
predicting the risk of MRD in the rural population of Northeast China. Methods: We analyzed 
the reports of 4944 subjects from the Northeast China Rural Cardiovascular Health Study 
(NCRCHS). All the participants completed the questionnaires, anthropometric measurements, 
and blood tests during the baseline study (2012–2013) and the follow-up study during 
2015–2017 (an average of 4.6 years). The Chronic Kidney Disease Epidemiology (CKD-EPI) 
equation was used to calculate the estimated glomerular filtration rate (eGFR), and eGFR in 
the range of 60–90 mL/min/1.73m2 was defined as MRD. Results: The study revealed that 
a total of 889 subjects (18.0%) had MRD. Multivariate logistic analysis showed that annual 
income, abdominal obesity, hypertension, hyperglycemia, and frequent tea consumption were 
the independent risk factors (P < 0.05) for MRD. Thereafter, a nomogram with an area under 
the receiver operating characteristic curve (AUC) of 0.705 was constructed to accurately 
predict MRD. The calibration plot also showed an excellent consistency between the 
probability of prediction and observation. Conclusion: We constructed a nomogram based on 
epidemiological data, which could provide an individual prediction of MRD with good accuracy. 
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INTRODUCTION

Mild renal dysfunction (MRD) is a 
growing concern worldwide, and there 
is increasing evidence that it may affect 
many cardiovascular diseases (CVDs) and 
cerebrovascular diseases. The Good Aging 
in Skåne (GÅS) cohort study confirmed 
that MRD was associated with impairment 
in learning and memory, language, complex 
attention, executive function, and global 
cognitive function, but not meta-memory.[1] 
Park et al.[2] reported that the probability 
of  variations in the left ventricular (LV) 
geometry was higher in men than in women 
with MRD. The Framingham Heart study 
also inferred that individuals with mildly 

reduced estimated glomerular filtration 
rate (eGFR) had a higher probability of  
subclinical atherosclerosis, cross sectionally, 
and a greater risk of  CVD and chronic 
kidney disease (CKD) progression.[3] 
Similarly, a study has shown that MRD 
might be associated with a combined 
increase in ventricular systolic stiffness 
and arterial load in patients with known or 
suspected coronary artery disease (CAD), 
leading to an increased risk of  heart failure.[4] 
Therefore, it is necessary to find effective 
methods to predict MRD in order to reduce 
the risk of  CVD. 

There is a great variation in MRD prevalence 
between the developed and developing 

Access this article online

Website:  
www.intern-med.com

DOI:  
10.2478/jtim-2023-0003

 Open Access. © 2024 The 
author(s), published by De Gruyter on 
behalf of Scholar Media Publishing. 

 This work is licensed under the 
Creative Commons Attribution 4.0 
International License.



Yu et al.: Predicting risk of mildly impaired renal function

245JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / MAY-JUN 2024 / VOL 12 | ISSUE 3

areas. Data from the Framingham Heart Study showed a 
high prevalence of  mildly reduced eGFR (62%),[3] which 
was remarkably higher than those observed in the studies 
conducted in developed countries like Australia (43%), the 
USA (52.1%), and Turkey (20%).[5–7] Similarly, the prevalence 
of  mildly reduced eGFR among urban populations in 
Bangladesh was 24%.[8] A study conducted to estimate 
the prevalence of  CKD in Cameroonians found that the 
subjects living in the urban areas had a significantly higher 
prevalence of  MRD (15.1%) compared to those living in 
the rural areas (9.1%).[9] In addition, Burkhalter et al.[10]  
reported that the MRD prevalence in the rural regions of  
Haiti was 6.4%, which was lower than that in the urban 
areas. Previous studies also confirmed that a variety of  
metabolic disorders, like fasting insulin, hyperglycemia, 
hyperuricemia, and dyslipidemia, significantly increased the 
risk of  mildly reduced eGFR.[11–13] However, Onat et al.[7]  

claimed that insulin resistance rather than metabolic 
disorders determined MRD, which was also supported by 
the National Health and Nutrition Examination Survey 
(NHANES).[14] Furthermore, a community-based study 
conducted by Ji et al.[15] in the urban areas of  Chongqing, a 
large city in southwestern China, indicated that compared 
to the higher eGFR group, the waist circumference 
(WC), systolic blood pressure (SBP), fasting plasma 
glucose (FPG), and uric acid (UA) of  the mildly reduced 
eGFR group were significantly increased. In addition,  
Hou et al.[16] found that triglyceride (TG) levels are closely 
associated with a mild decline in the eGFR in the middle-
aged and elderly Chinese population with normal serum 
lipid levels. Concerning the possible association between 
socioeconomic status and renal dysfunction, Shen et al.[17] 
found that the prevalence of  MRD was higher in subjects 
belonging to a farming background or with low level of  
education, whereas the income levels were irrelevant in the 
rural population of  the North-Central Zhejiang province 
in eastern China. 

Compared to the urban residents, the rural residents 
in China have relatively few medical resources and are 
also less likely to be concerned about their health.[18] 
Furthermore, the New Cooperative Medical Scheme 
(NCMS) and the Urban Residents’ Basic Medical Insurance 
System (URBMI) have failed to improve the inequalities 
in health financing between the urban and rural residents.[19] 
Our cross-sectional study showed that the awareness 
rates of  hypertension, diabetes, and dyslipidemia were 
17.1%, 3.9%, and 5.8%, respectively,[20,21] and even less 
concern was expressed toward MRD. Our previous study, 
China Rural Hypertension Control Project, concluded 
that compared to intensive routine care, rural doctor-led 
interventions showed statistically significant improvements 
in blood pressure (BP) control among the rural population 
in China.[22] Integrated analysis can, therefore, provide 

useful insights, and effective evaluation and prediction will 
further help the village doctors identify subjects at potential 
risk. However, thus far, no studies have been conducted 
on MRD in rural areas. The purpose of  this study is to 
investigate the incidence and risk factors of  MRD and 
make recommendations for its prevention based on the 
novel nomogram. 

MATERIALS AND METHODS

Study population
The Northeast China Rural Cardiovascular Health Study 
(NCRCHS) is a community-based cohort study conducted 
in the rural areas of  Northeast China, and the design 
and inclusion criteria of  this study have been described 
previously.[21,23] Figure 1 depicts the detailed recruitment 
and selection process of  the participants. A total of  
11,956 participants completed the study, with an 85.3% 
response rate. This study was approved by the China 
Medical University’s Ethics Committee (Shenyang, China 
AF-SDP-07-1, 0-01). The participants were invited to 
participate in the follow-up studies in 2015 and 2017. The 
average duration of  the follow-up period was 4.66 years. 
All the participants provided written informed consent 
for the study.

Data collection and variables definition
Data regarding age, gender, race, marital status, physical 
activity, education, annual income, sleep duration, history 
of  chronic diseases, smoking/alcohol consumption 
status, soybean consumption, and tea consumption were 
obtained from the standard questionnaire. Continuous 
variables including age, annual income, and sleep duration 
were then transformed into dichotomous variables with 
cutoff  values of  50–65 years, 5000–20,000 CNY, and 
7–9 h, respectively. CVD (angina, myocardial infarction, 
arrhythmia, and heart failure), cerebrovascular disease 
(cerebral hemorrhage, cerebral infarction, subarachnoid 
hemorrhage, transient ischemic attack), and CKD 
(nephritis, acute/chronic renal failure) were used as 
examples of  chronic disease status.

BP was measured thrice (in 5-min intervals) using a 
standardized automatic electronic sphygmomanometer 
(HEM-907; Omron, Tokyo, Japan). Fasting blood samples 
were collected in the morning from the participants who had 
fasted for at least 12 h. Enzymatic analyses were performed 
on FPG, total cholesterol (TC), low-density lipoprotein 
cholesterol (LDL-C), high-density lipoprotein cholesterol 
(HDL-C), TG, serum creatinine, and other routine blood 
biochemical indexes. Additionally, the WC values of  90 cm 
in men and 80 cm in women were considered as abdominal 
obesity.[24] Patients on antihypertensive drugs and with blood 
pressure > 130/85 mmHg were identified to have a history 
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of  hypertension. Additionally, elevated LDL-C, low HDL-C, 
and hypertriglycerides were identified as dyslipidemia. 
Hyperuricemia was defined as serum UA (SUA) level 
of  ≥ 416 μmol/L in men and ≥ 357 μmol/L in women.  
A blood glucose level of  ≥ 100 mg/dL or drug treatment 
for elevated glucose was defined as hyperglycemia. The 
CKD epidemiology (CKD-EPI) equation was used to 
calculate the eGFR.[25] MRD was defined as eGFR of   
60–90 mL/min/1.73m2. 

Statistical analysis
Statistical analysis was performed using Statistical Package 
for the Social Sciences (SPSS) version 22.0 statistical 
software (SPSS Inc., Chicago, IL, USA) and R statistical 
software (R Foundation for Statistical Computing, Vienna, 
Austria).[26] Descriptive statistics were computed for all the 
variables, including continuous variables (reported as mean 
values and standard deviations) and category variables 
(reported as numbers and percentages). The t-test, analysis 
of  variance (ANOVA), analysis of  covariance (ANCOVA), 
nonparametric tests, and the two-test were used to 
assess differences between categories. Univariate logistic 
regression analysis was used to identify the risk factors for 
MRD. All the P-values were bilateral, and the risk factors 
with P-values < 0.05 in univariate analysis were included in 
the multivariate analysis. Multivariate logistic regression was 
used to identify independent risk factors, and a stepwise 
method was used to identify the combination of  factors 
that best predicted MRD. Thereafter, a nomogram based on 
the multivariate logistic regression was developed for MRD.

RESULTS

Population characteristics and the incidence of 
MRD
A total of  4944 subjects were included in the analysis. 
Among these, 50.4% of  the subjects were males, with 
an average age of  50.48 ± 8.29 years. Serum lipid, FPG, 
SUA, BP, and WC were measured at the baseline study. In 
the follow-up study, we identified 889 subjects who were 
diagnosed with MRD. The descriptive characteristics of  
the study subjects are shown in Table 1.

Risk factors associated with MRD
A comparative analysis between subjects with and without 
MRD suggested that MRD was prevalent in subjects 
belonging to the following categories: older age, male, 
currently smoking, Han ethnicity, low level of  education, 
relatively low annual income, history of  chronic diseases, 
abdominal obesity, hypertension, hyperuricemia, and low 
daily tea consumption (P < 0.05). Multivariate logistic 
analysis identified higher annual income (5000–20,000 
CNY/year: 0.74 [0.59, 0.95] and > 20,000 CNY/year: 
0.67 [0.51, 0.87]), abdominal obesity (1.23 [1.04, 1.44]), 
hypertension (1.58 [1.31, 1.91]), hyperglycemia (0.59 [0.48, 
0.72]), and tea consumption frequency (occasionally: 1.47 
[1.21, 1.79]; one or two times/day: 2.18 [1.81, 2.64]; 
and ≥ 3 times/day: 2.15 [1.40, 3.24]) as the independent 
risk factors for MRD (Table 2).

Development of the nomogram for MRD
A nomogram incorporating the five significant risk factors 
was created (Figure 2), and the total scores were used to 
assess the risk for MRD. For instance, a rural resident, 
consuming tea one or two times/day, suffering from 
abdominal obesity and hypertension, earning 5000–20,000 
CYN/year, and without hyperglycemia contributed 281.25 
points (= 95 + 17.5 + 86.25 + 30 + 52.5) and had a 36.8% 
probability of  developing MRD. The overall predictive 
accuracy of  the nomogram, as measured by the bootstrap-
corrected receiver operating characteristic (ROC) curve, 
was 0.705, indicating good discrimination (Figure 3). 
The calibration plot revealed that the nomogram is well 
calibrated and there is no significant difference between 
prediction probabilities and observation probability 
(Hosmer-Lemeshow test, P = 0.232) (Figure 4).

DISCUSSION

The primary finding of  our study is that the proportion 
of  MRD is relatively high in the Chinese rural general 
population. Therefore, effective prediction is needed 
for early diagnosis and prevention of  renal damage. 
MRD was associated with annual income, abdominal 

Figure 1: Flow chart of participants included and excluded in this study. eGFR: 
estimated glomerular filtration rate.
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obesity, high BP, hyperglycemia, and tea consumption 
frequency. A new nomogram model was established to 
better evaluate the risk of  MRD in the rural Northeast 
Chinese population.

Many previous studies have shown that decreased renal 
function is a predictor of  hospitalization,[27] cognitive 
impairment,[28] and poor quality of  life, often accompanied 

by an increased risk of  cardiovascular events like arterial 
stiffness, coronary artery calcium, and myocardial 
hypertrophy.[29] In addition, it has been an important issue 
in the management of  CVD and cerebrovascular diseases. 
According to some previous studies, the prevalence of  
MRD varies by 2.8%–15.1%;[30,31] however, in our study, a 
relatively higher cumulative incidence was observed, with 
889 (18.0%) out of  4944 subjects experiencing MRD after 

Table 1: Descriptive characteristics of study population (N = 4944)
Characteristics Results
Age (years) 50.48 ± 8.29
Male 2491 (50.4)
Current smoking (yes) 1909 (38.6)
Current drinking (no) 1349 (27.3)
Ethnicitya (Han) 4564 (92.3)
Marriage (yes) 4895 (99.0)
Regular exercise (yes) 794 (16.1)
Education status

Primary school or below 2113 (42.7)
Middle school 2274 (46.0)
High school or above 557 (11.3)

Annual income (CNY/year)
≤ 5000 473 (9.6)
> 5000 and ≤ 20,000 2767 (55.9)
> 20,000 1704 (34.5)

Sleep duration (hour/day)
 ≤ 7 2261 (45.7)
 > 7 and ≤ 8 1546 (31.2)
 > 8 and ≤ 9 721 (14.6)
 > 9 416 (8.4)

Chronic diseasesb (yes) 850 (17.2)
Waist circumference (cm) 82.00 ± 9.67
Systolic blood pressure (mmHg) 140.85 ± 22.75
Diastolic blood pressure (mmHg) 81.95 ± 11.46
LDL-C (mmol/L) 2.90 ± 0.81
HDL-C (mmol/L) 1.46 ± 0.40
Total cholesterol (mmol/L) 5.12 ± 1.03
Triglyceride (mmol/L) 1.54 ± 1.52
Fasting plasma glucose (mmol/L) 5.82 ± 1.66
Serum uric acid (mmol/L) 275.73 ± 79.14
Beans or Bean product frequency

Rarely 1774 (35.9)
2–3 times/week 2514 (51.1)
≥ 4 times/week 636 (12.9)

Tea consumption frequency 
None 2754 (55.8)
Occasionally 1087 (22.0)
1–2 times/day 967 (19.6)
≥ 3 times/day 131 (2.7)

Mildly impaired function 889 (18.0)

Data are presented as mean ± SD or n (%). aOthers include some ethnic 
minorities in China, such as Mongol and Manchu. bChronic diseases 
include cardiovascular diseases (angina, myocardial infarction, arrhythmia, 
and heart failure), cerebrovascular diseases (cerebral hemorrhage, cerebral 
infarction, subarachnoid hemorrhage, transient ischemic attack), and 
chronic kidney diseases (nephritis, acute/chronic renal failure). CNY: China 
Yuan (1 CNY = 0.161 USD); LDL-C: low-density lipoprotein cholesterol; 
HDL-C: high-density lipoprotein cholesterol.

Figure 2: Nomogram for predicting risk of mildly reduced eGFR among rural 
Northeast Chinese. eGFR: estimated glomerular filtration rate.

Figure 3: ROC analysis of the nomogram for mildly reduced eGFR among 
rural Northeast Chinese. AUC: area under curve; ROC: receiver operating 
characteristic; eGFR: estimated glomerular filtration rate. 
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4.6 years of  follow-up. The relative rates of  hypertension 
(51.1%), diabetes (6.5% previously diagnosed; 8.7% 
undiagnosed), and dyslipidemia (36.9%) among the rural 
residents were higher than those recorded in the previous 
studies and could be responsible for the increased incidence 
of  MRD during the follow-up.[21, 32, 33] Hypertension, glucose 
levels, and lipid metabolism disorders have been estimated 
to increase the risk of  MRD.[34–37] Furthermore, studies 
have linked an increase in eGFR to a steady decline in 
cardiovascular morbidity and mortality in subjects with 
MRD, suggesting an inverse relationship between eGFR 
and cardiovascular risk.[38,39] Therefore, it is particularly 
important to assess the risk factors associated with MRD 
and make recommendations for its prevention. 

Multifactorial etiologies were associated with MRD. In the 
current study, univariate and multivariate analyses identified 
six independent risk factors for MRD. Previous studies 
reported that the prevalence of  dyslipidemia and diastolic 
BP variability was higher in subjects with MRD than in 
subjects with normal renal function.[15,40] As previously 
claimed, elevated TG (odds ratio [OR]: 1.25), decreased 
HDL-C (OR: 1.23), and obesity (OR: 1.22) were associated 
with increased risk of  mildly reduced eGFR, while elevated 
FPG (OR: 0.64) was associated with lower risk of  mildly 
reduced eGFR.[41] Our results support that abdominal 
obesity, hypertension, and hyperglycemia are strongly 
associated with MRD, and that abdominal obesity is an 
independent risk factor for MRD, while hyperglycemia is 
negatively associated with MRD. Many pathophysiological 

Table 2: Univariate and multivariate analyses for risk factors of mildly reduced eGFR in rural Northeast China
Variables Group Univariate Multivariate

Mildly reduced 
eGFR (n = 889)

Non-mildly reduced 
eGFR (n = 4055)

P-value OR 95% CI

Age (years) 35–49 284 (31.9) 2293 (56.5) < 0.001 1 (reference)
50–64 471 (53.0) 1653 (40.8) 2.22 1.88, 2.63
≥ 65 134 (15.1) 109 (2.7) 8.24 6.13, 11.12

Gender Male 486 (54.7) 2005 (49.4) 0.003
Current smoking Yes 381 (42.9) 1528 (37.7) 0.002
Current drinking Yes 258 (29.0) 1091 (26.9) 0.108
Ethnicity Han 804 (90.4) 3760 (92.7) 0.014
Marriage Yes 883 (99.3) 4012 (82.0) 0.197
Regular exercise Yes 149 (16.8) 645 (15.9) 0.280
Education status Primary school or below 421 (47.4) 1692 (41.7) 0.007

Middle school 370 (41.6) 1904 (47.0)
High school or above 98 (11.0) 459 (11.3)

Annual income 
(CNY/year)

≤ 5000 134 (15.1) 339 (8.4) < 0.001 1 (reference)
> 5000 and ≤ 20,000 511 (57.5) 2254 (55.6) 0.74 0.59, 0.95
﹥ 20,000 244 (27.4) 1460 (36.0) 0.67 0.51, 0.87

Sleep duration 
(hour/day)

≤ 7 401 (45.2) 1858 (45.9) 0.474
> 7 and ≤ 8 266 (30.0) 1278 (31.6)
> 8 and ≤ 9 138 (15.5) 582 (14.4)
> 9 83 (9.3) 332 (8.2)

Chronic diseasesb Yes 193 (21.7) 657 (16.2) < 0.001
Abdominal obesity ≥ 90 cm for men

≥ 80 cm for women
378 (42.9) 1529 (38.0) 0.004 1.23 1.04, 1.44

Hypertension Systolic ≥ 130 and/or 
diastolic ≥ 85 mm Hga

700 (79.4) 2602 (64.6) < 0.001 1.58 1.31, 1.91

Dyslipidemia Yesb 623 (70.1) 2885 (71.1) 0.275
Hyperuricemia ≥ 416 μmol/L for men

≥ 357 μmol/L for women
112 (12.6) 242 (6.0) < 0.001

Hyperglycemia ≥ 100 mg/dLc 375 (42.2) 1753 (43.2) 0.295 0.59 0.48, 0.72
Beans or Bean product 
frequency 

Rarely 321 (36.2) 1453 (36.0) 0.598
2–3 times/week 443 (49.9) 2071 (51.3)
≥ 4 times/week 123 (13.9) 513 (12.7)

Tea consumption 
frequency 

None 384 (43.2) 2370 (58.5) < 0.001 1 (reference)
Occasionally 200 (22.5) 887 (21.9) 1.47 1.21, 1.79
1–2 times/day 268 (30.2) 699 (17.3) 2.18 1.81, 2.64
≥ 3 times/day 36 (4.1) 95 (2.3) 2.15 1.40, 3.24

Data are presented as n (%). aAntihypertensive drug treatment in a patient with a history of hypertension is an alternate indicator. bInclude elevated LDL-C, 
low HDL-C, elevated total cholesterol, and hypertriglycerides. cDrug treatment of elevated glucose is an alternate indicator. CNY: China Yuan (1 CNY = 0.161 
USD); LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; eGFR: estimated glomerular filtration rate; OR: odds ratio; CI: 
confidence interval.
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pathways (e.g., chronic inflammation, elevated oxidative 
stress, and hyperinsulinemia) or a set of  risk factors (e.g., 
insulin resistance, hypertension, and dyslipidemia) may 
explain the possible association between obesity and 
renal damage.[42] Our results are consistent with those of   
Hu et al.[41] who claimed that hyperglycemia was associated 
with a relatively lower risk of  MRD, which is inconsistent 
with several previous studies.[43,44] This is possibly attributed 
to the hyperfiltration due to elevated FPG and glycated 
hemoglobin (HbA1c) levels resulting in a temporary 
increase in eGFR.[41] Another possibility is the relatively 
short follow-up duration, since the results can vary with 
time. Therefore, large prospective studies with relatively 
longer follow-up durations should be conducted to explore 
the possible association between hyperglycemia and mildly 
reduced eGFR.

Previous studies have shown that the rates of  elevated 
diastolic blood pressure were significantly higher in subjects 
with mildly reduced eGFR than in subjects with normal 
eGFR.[15,40] In addition, hypertension has been proven to 
be a well-established risk factor for the progression of   
CKDs.[14,45] As the economy grows, the prevalence of  
metabolic disorders, such as obesity, hypertension, 
and hyperglycemia, is increasing rapidly in both urban 
and rural areas.[20,46,47] However, the rates of  awareness, 
treatment, and control are significantly lower among 
the rural Chinese population compared to the urban 
population.[48,49] Additionally, the management of  diabetes 
and hypertension in the Chinese population is far from 
satisfactory. According to a Chinese national survey, 
only 32.2% of  patients with diabetes mellitus (DM) 

received treatment and only 49.2% of  the treated 
patients had < 7.0% HbA1c level.[50] In addition, the 
rural Chinese population had significantly lower rates of  
awareness (4.6%) and treatment (3.7%). According to 
the China Hypertension Survey (2012–2015), 23.2% of  
Chinese adults suffer from hypertension, 46.9% are aware 
of  their hypertension diagnosis, 40.7% take prescribed 
antihypertensive medications, and 15.3% have controlled 
hypertension.[51] Similarly, our previous study on the rural 
Chinese population revealed that the awareness, treatment, 
and control rates for new cases of  hypertension were 
29.9%, 19.5%, and 1.5%, respectively.[52] Low rates of  
awareness, treatment, and control in rural areas can lead 
to serious complications and cardiovascular mortality. 

Interestingly, frequent tea consumption also increased the 
risk of  MRD in the rural population. Tea consumption 
has been prevalent in Asia for centuries, especially in Japan 
and China, where it is the most consumed beverage after 
water. Tea is a rich source of  pharmacologically active 
molecules and has many health benefits.[53] Cumulative 
evidence from cell culture and animal studies confirms 
the beneficial effects of  tea polyphenols in a wide range 
of  pathological diseases, including cancer, diabetes, and 
CVDs.[54,55] In addition, tea consumption prevents increased 
creatinine clearance and has antiproteinuric effects.[56,57] 
However, most of  the previous studies on tea consumption 
were conducted in cell cultures or experimental animal 
models. One recent cross-sectional study of  the general 
Japanese population found that consumption of  green 
tea may increase the risk of  mildly reduced eGFR in 
Japanese men with NADH dehydrogenase subunit-2 237 
leucine/methionine (ND2-237 Leu/Met) polymorphism.[58]  
In contrast, a large population-based study on the older 
Chinese population showed no clear evidence between 
renal function and tea consumption.[59] Therefore, it might 
be one possible explanation for the inconsistent results 
on the relationship between tea consumption and renal 
function, and further studies are required to confirm this 
association. 

Nomograms are graphical tools or models that are used to 
estimate the probability of  an event and accurately predict 
the outcomes for individual subjects. We developed a 
nomogram with six predictors that displayed good accuracy 
and discrimination in predicting the risk of  MRD, with 
a corrected area under the ROC curve (AUC) of  0.705. 
Using this model, rural clinicians can accurately estimate 
the risk of  MRD in rural subjects and tailor treatment to 
those who require close follow-up. To our knowledge, 
our study is the first to assess the risk of  MRD in rural 
subjects. However, this study has a few limitations: (1) we 
did not assess the gene polymorphism among rural subjects, 
which could have explained the association between tea 

Figure 4: Calibration plot of the nomogram for mildly reduced eGFR among rural 
Northeast Chinese. Hosmer-Lemeshow test, P-value 0.232. eGFR: estimated 
glomerular filtration rate.
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consumption and MRD; (2) the eGFR calculation was 
based on a single blood test, which can introduce bias; 
(3) although our analyses were adjusted for many possible 
confounding factors, residual confounding attributed to 
the measurement error in the assessment of  confounding 
factors, unmeasured factors, such as family history of  
DM, hypertension, CVD, and other chronic diseases and 
antihyperglycemic, antihypertensive, and antihyperlipidemic 
therapeutic agents, cannot be excluded; (4) we only assessed 
the renal function by the eGFR equation; therefore, further 
studies are required to identify the risk factors for MRD 
by considering the other important indicators such as 
proteinuria, microalbuminuria, or urine microalbumin–
creatinine ratio; and (5) even though we excluded the 
subjects with MRD at the baseline study, we did not adjust 
some factors that could possibly affect eGFR, such as the 
medicine consumed.

CONCLUSION

The results of  our study indicate that MRD is prevalent 
among rural residents in Northeast China. Additionally, 
MRD is more prevalent in rural subjects with relatively 
higher annual income, abdominal obesity, hypertension, and 
higher tea consumption frequency. We have constructed 
a novel nomogram that is a good predictor of  MRD and 
can serve as a guide for epidemiological screening.
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