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Background: Sitting time and physical activity are related to renal function among type 2 diabetes mellitus (T2DM); however, the 
mechanism of how it contributes to renal function is not well understood. The current study attempts to explore the relationship 
between sitting time and renal function among T2DM patients, with a particular focus on the mediating role of physical activity.
Methods: This research uses the data of 1761 Chinese T2DM patients from Ningxia Province. Sitting time and physical activity were 
obtained during a face-to-face survey, and renal function was assessed by the estimated glomerular filtration rate (eGFR). The 
bootstrap method is used to test the mediating effect.
Results: The research found that sitting time was negatively associated with eGFR and physical activity after controlling for 
covariates. Physical activity was positively associated with eGFR. Physical activity has mediated the relationship between sitting 
time and eGFR among T2DM patients (explaining 16.1% of the total variance).
Conclusion: The present findings suggest that sitting time negatively affects eGFR among T2DM patients and provides new evidence 
that physical activity could attenuate the association between sitting time and eGFR. Hence, intervention strategies focusing on sitting 
time and physical activity should be paid more attention in the future.
Keywords: sitting time, physical activity, eGFR, mediating effect, T2DM patients

Introduction
With the development of the economy, the change of diet structure, and the acceleration of population aging, type 2 
Diabetes mellitus (T2DM) is alarmingly increasing in both developed and underdeveloped countries,1,2 especially in 
China. According to the statistics, T2DM accounting for the highest prevalence globally and reaching 116.4 million in 
2019,3 and results in different macrovascular and microvascular complications,4–6 and about forty percent of patients 
with T2DM develop diabetic kidney disease,7 further progresses to severe status, mortality, and substantial social and 
economic burden.8 There is a need to prevent the onset and progression of diabetic kidney disease and protect the renal 
function of T2DM patients via an array of strategies.

The determinants of diabetic kidney disease include demographic characteristics (age, gender, marital status, educa-
tional attainment, residence), health-related behaviors (smoking, drinking, body mass index, physical activity), and other 
chronic diseases; meanwhile, disease duration can influence diabetic kidney disease.9–11 The benefits of a healthy 
lifestyle can be seen in T2DM patients. Physical activity is associated with renal function in T2DM patients12 and is 
considered an effective target in preventing diabetic kidney disease.13 A recent meta-analysis indicated that physical 
activity effectively improves diabetic kidney disease and slows its progression.14
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Another potential factor related to the renal function of T2DM patients is sitting time, which generally refers to any waking 
activity in a sitting, reclining, or lying posture, such as reading, writing or watching television, etc.15 A considerable body of 
evidence shows that sedentary behavior is associated with several health outcomes, like depression,16 cardiovascular health,17 

and mortality.18 Sedentary behavior or sitting time is highly prevalent in kidney function19 and diabetic kidney disease.20 

However, gaps still existed about the relationship between sitting time combined with physical activity with renal function in 
T2DM patients. In the current study, renal function was assessed by the estimated glomerular filtration rate (eGFR). Therefore, 
the present study’s hypotheses included:

Hypothesis 1: sitting time will be negatively and directly related to eGFR.

Hypothesis 2: sitting time will be negatively and directly related to physical activity.

Hypothesis 3: physical activity will be positively and directly related to eGFR.

Hypothesis 4: sitting time will indirectly be related to eGFR via physical activity.

Materials and Methods
Subjects and Procedure
The analyses are based on hospital data, in which participants completed a questionnaire from August 2019 through 
November 2020. A probability proportionate to size (PPS) sampling method was developed to recruit the participants. 
A similar sampling procedure was described previously.21 A total of 1761 patients (Supplementary Table 1) were 
analyzed in this study. Patients who met the study eligibility criteria were invited to participate in the study once 
medical records were reviewed by two physicians. The inclusion criteria: 1) ≥18 years of age; 2) living at their residence 
for more than six months. Exclusion criteria: 1) with a severe mental disorder or a severe illness or language barrier that 
prevented communication; 2) pregnant or lactating, had diabetic ketoacidosis in the past month, 3) had a malignant 
tumor; 4) patients with end-stage renal disease; 5) mobility-related disorders (eg, arthrosis, history of fracture of lower 
limbs, or another disease that affects the balance) or 6) refused to sign the informed consent were excluded. The 
Institutional Review Board of the Yinchuan Hospital of Traditional Chinese Medicine approved the study. All the 
participants provided a written consent form at the beginning of the survey. Research procedures involving human 
participants conformed with the 1964 Helsinki Declaration and its later amendments.

Renal Function
Renal function was estimated by eGFR and it was calculated using the eGFR equations based on serum creatinine levels 
as follows: eGFR mL=min=1:73m2� �

¼ 175� serumcreatinine� 1:234�Age� 0:179 �0:79iffemaleð Þ.22 Serum creatinine was 
tested as follows: after overnight fasting for more than 12h, the patient’s venous blood was drawn in the morning of the 
next day. After collecting, the blood was stored in vacuum blood collection vessels without anticoagulants and kept still 
for 5 min to make it coagulate and centrifuged at 3500r/min 5~10 minutes at room temperature; then the supernatant was 
stored at 4°C. The serum creatinine was measured by commercially available kits (Shanghai Roche Diagnostic Products 
Co., Ltd, China) and automatic biochemical analyzer (SIEMENS ADVIA Chemistry XPT System – Siemens 
Healthineers, USA). All the tests were conducted by the hospital laboratory center.

Physical Activity and Sitting Time
Physical activity was described with the following question: “The frequency of your entertainment or physical activities 
(such as sports, exercise, square dancing, etc.)”. The participants respond with four answers (1. Never or few 2. 2–3 
times/month 3. 1–2 times/week 4.>3 times/week).

Sitting time was assessed with the following question: “How much time do you usually spend sitting or reclining on 
a typical day?” The respondents were asked to include the amount of waking time spent “sitting or reclining at work, at 
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home, or at school, including time spent sitting at a desk, sitting with friends, reading, playing cards, watching television, 
or using a computer, but except sleeping time”.

Covariates
The covariates include age, gender (male vs female), marital status (married vs unmarried), residence (urban vs rural), 
and educational attainment (illiterate vs non-illiterate). Body mass index (BMI = weight (kg)/height (m)2), smoking 
(defined as at least one cigarette per day and last for six months or more), alcohol use (defined as a drink at least one 
glass of alcohol, which is equal to 1/2 bottle of beer or 125-milliliter grape wine or fruit wine or 40-milliliter white wine, 
in the past 12 months). Other chronic diseases (yes vs no), T2DM complications (yes vs no), fasting blood glucose 
(mmol/L), and disease duration (years), Glycated hemoglobin (HbA1c, HbA1c level) was assayed using high perfor-
mance liquid chromatography (BIO-RAD Diagnostic Group, CA, USA). Triglyceride (TG, mmol/L); Total cholesterol 
(TC, mmol/L); High-density lipoprotein (HDL, mmol/L); Low-density lipoprotein (LDL, mmol/L); urea (mmol/L).

Statistical Analyses
Analyses were performed using the Statistical Package for the Social Sciences (SPSS) version 24.0 (IBM Inc., Chicago, 
Illinois, USA). Continuous variables were expressed as mean ± SD; categorical variables were expressed as counts and 
proportions. Partial correlation was used to analyze the correlation matrix after controlling for covariates. Linear 
regression models were carried out to determine the relationship between sitting time, physical activity, and eGFR. In 
short, model 1 only included physical activity and sitting time; model 2 added the covariate variables (age, gender, 
marital status, educational attainment, residence, BMI, smoking, alcohol use, other chronic diseases, disease duration, 
fasting blood glucose, T2DM complications, HbA1c, TG, TC, HDL, LDL, urea). Model 3 added the interaction effect 
between physical activity and sitting time based on model 2. Bootstrap methods of PROCESS developed by Hayes were 
employed to test the mediation effect of physical activity on the relationship between sitting time, and eGFR.23 The bias- 
corrected percentile bootstrap confidence interval does not contain 0, indicating that the mediation effect is statistically 
significant.24

Results
The Characteristics of Participants
The participant characteristics are shown in Table 1. The mean age was 58.6 ± 12.2 years, and slightly half of the 
participants were males (54.8%). The mean sitting time was 4.8 ± 2.6 hours per day. Approximately one in three 
participants had no physical activity, and 39.8% had physical activity 3 times a week. Among all T2DM patients, the 
mean eGFR was 123.8 ± 39.7 mL/min/1.73m2.

Partial Correlation Analysis
As shown in Table 2, after controlling for covariates (age, gender, marital status, educational attainment, residence, BMI, 
smoking, alcohol use, other chronic diseases, disease duration, fasting blood glucose, T2DM complications, TG, TC, 
HDL, LDL, urea), sitting time was negatively associated with eGFR (r = −0.05, P = 0.048) and sitting time (r = −0.12, 
P < 0.001). Physical activity was positively associated with eGFR (r = 0.06, P = 0.003).

Linear Regression Analysis
The results of the three separate linear regression models are summarized in Table 3. The single-factor model (Model 1) 
showed that physical activity was significantly and positively associated with eGFR; those with more physical activity 
may predict better renal function. On the contrary, sitting time was inversely associated with eGFR. After controlling for 
covariates, those relationships still persisted (Model 2). In model 3, when adding the interaction between physical activity 
and sitting time, the association between sitting time and eGFR disappeared, indicating that physical activity is a possible 
mediator.
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Mediation Effect of Physical Activity on the Relationship of Sitting Time and eGFR 
Among T2DM Patients
As shown in Table 4, these results suggested that the relationship between sitting time and eGFR was partially mediated 
by physical activity, and bootstrap tests indicated that the total effect (95% CI: −1.212, −0.006) and mediation effect 
(95% CI: −0.215, −0.024) were significant. The mediation effect explained 16.1% (−0.098/-0.609) of the total variance. 
Considering the possible relationship between age and physical activity, the exploring analysis was conducted stratified 

Table 1 Demographic Characteristics of Participants

Total
n = 1761

Age, mean ± SD, years 58.6 ±12.2

Gender, male, n (%) 965 (54.8)

Marital status, married, n (%) 1461 (93.2)
Education level, n (%)

Illiterate 351 (19.9)

Primary 394 (22.4)
Junior and Senior 621 (35.3)

College degree or above 395 (22.4)

Residence, urban, n (%) 1102 (62.6)
Smoking, yes, n (%) 396 (22.5)

Alcohol use, yes, n (%) 368 (20.9)

BMI, mean ± SD, kg/m2 25.0±14.2
Other chronic diseases, yes, n (%) 1160 (65.9)

T2DM complications, yes, n (%) 1059 (60.1)

Disease duration, mean ± SD, years 8.4±7.6
HbA1c, <7%, n (%) 338 (19.2)

TG, mean ± SD, mmol/L 2.2±2.0

TC, mean ± SD, mmol/L 4.7±11.7
HDL, mean ± SD, mmol/L 1.1±0.3

LDL, mean ± SD, mmol/L 2.6±0.8

Urea, mean ± SD, mmol/L 5.7±1.6
Sitting time, mean ± SD, hour 4.8±2.6

Physical activity, n (%)

Never 588 (33.4)
2–3 times/month 199 (11.3)

1–2 times/week 273 (15.5)
More than 3 times/week 701 (39.8)

eGFR, mL/min/1.73m2 123.8±39.7

Abbreviations: SD, standard deviation; T2DM, type 2 diabetes mellitus; 
BMI, body mass index; HbA1c, Glycated hemoglobin; TG, Triglyceride; TC, 
Total cholesterol; HDL, High-density lipoprotein; LDL, Low-density lipo-
protein; eGFR, estimated glomerular filtration rate.

Table 2 Correlation Matrix (n = 1761)

Mean SD eGFR Physical Activity Sitting Time

eGFR 123.8 39.7 1

Physical activity 4.8 2.6 0.07** 1

Sitting time 2.6 1.3 −0.05* −0.12** 1

Notes: *p < 0.05, **p < 0.001. 
Abbreviation: SD, standard deviation.
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by age (use cutoff points of 45 and 60 years old). The mediation effect of physical activity on the relationship between 
sitting time and eGFR was significant in those who were ≥60 years old (Table 5).

Discussion
In this cross-sectional study of T2DM patients, we examined the relationship between sitting time, physical activity, and 
renal function. As we hypothesized, the study found: (1) sitting time was negatively related to eGFR and negatively 
associated with physical activity; physical activity was positively related to eGFR; and (2) in the relationship between 
sitting time and eGFR, physical activity mediated the association, the mediation effect accounting for 16.1% of the total 
effect.

Table 3 Linear Regression Model for Interaction Between Physical Activity and Sitting Time on eGFR (n = 1761)

Variables Model 1 Model 2 Model 3

P value B (95% CI) P value B (95% CI) P value B (95% CI)

Physical activity 0.020 1.69 (0.26, 3.11) 0.010 1.78 (0.42, 3.14) 0.033 2.76 (0.22, 5.30)

Sitting time 0.048 −0.73 (−1.45, −0.01) 0.046 −0.68 (−1.34, −0.01) 0.950 −0.04 (−1.46, 1.37)

Age NA NA <0.001 −0.94 (−1.12, −0.77) <0.001 −0.95 (−1.128, −0.78)

Gender (reference=female) NA NA <0.001 −9.18 (−13.43, −4.92) <0.001 −9.17 (−13.43, −4.92)

Marital status (reference=unmarried) NA NA 0.561 −2.04 (−8.91, 4.84) 0.584 −1.92 (−8.80, 4.96)

Education (reference=Illiterate) NA NA 0.062 2.05 (−0.10, 4.20) 0.065 2.03 (−0.12, 4.18)

Residence (reference=rural) NA NA 0.391 1.82 (−2.34, 5.99) 0.401 1.78 (−2.39, 5.96)

Smoking (reference=no) NA NA 0.986 0.04 (−4.84, 4.93) 0.998 0.01 (−4.88, 4.89)

Alcohol use (reference=no) NA NA 0.049 4.96 (0.01, 9.91) 0.049 4.97 (0.02, 9.92)

BMI NA NA <0.001 −5.14 (−7.46, −2.81) <0.001 −5.12 (−7.47, −2.81)

Other chronic diseases (reference=no) NA NA <0.001 −9.12 (−12.93, −5.31) <0.001 −9.08 (−12.88, −5.27)

Duration of disease NA NA <0.001 −0.49 (−0.75, −0.23) <0.001 −0.49 (−0.75, −0.23)

Fasting blood glucose NA NA 0.109 −0.33 (−0.73, 0.07) 0.114 −0.33 (−0.73, 0.08)

T2DM complications (reference=no) NA NA 0.956 −0.10 (−3.82, 3.61) 0.949 −0.12 (−3.83, 3.59)

HbA1c NA NA <0.001 2.99 (2.10, 3.88) <0.001 2.99 (2.10, 3.88)

TG NA NA 0.575 −0.25 (−1.14, 0.63) 0.547 −0.27 (−1.16, 0.61)

TC NA NA 0.783 0.02 (−0.12, 0.16) 0.832 0.02 (−0.13, 0.16)

HDL NA NA 0.002 9.90 (3.78, 16.03) 0.002 9.80 (3.67, 15.93)

LDL NA NA 0.006 −2.90 (−4.95, −0.85) 0.007 −2.82 (−4.88, −0.77)

Urea NA NA <0.001 −9.50 (−10.52, −8.49) <0.001 −9.48 (−10.50, –8.50)

Sitting time×physical activity NA NA NA NA 0.324 −0.74 (−0.25, 0.24)

R2 0.003 0.310 0.195

Notes: Model l = physical activity or sitting time separately; Model 2 = Model l + covariates (age, gender, marital status, education, residence, smoking, alcohol use, BMI, 
other chronic diseases, disease duration, fasting blood glucose, T2DM complications, HbA1c, TG, TC, HDL, LDL, urea); Model 3 = Model 2 + interaction between sedentary 
time and physical activity. 
Abbreviations: 95% CI, 95% confidence interval; NA, not apply.

Table 4 The Mediating Effect of Physical Activity on the Relationship 
Between Sitting Time and eGFR*

Effect β SE P value Bias-Corrected 95% CI

Lower Upper

Total effect −0.609 0.307 0.047 −1.212 −0.006
Indirect Effects −0.098 0.050 0.046 −0.215 −0.024

Direct Effects −0.511 0.309 0.098 −1.117 0.094

Notes: *After controlling for age, gender, marital status, education, residence, smoking, 
alcohol use, BMI, fasting blood glucose, other chronic disease, disease duration, complications 
of diabetes, HbA1c, TG, TC, HDL, LDL, urea.
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In line with the previous findings, sitting time was negatively associated with eGFR, namely, is positively associated 
with impaired renal function in T2DM patients. A study showed similar findings that increased sedentary time were 
associated with lower eGFR after controlling for confounding factors.25 Whilst a recent narrative review also reported 
that a sedentary lifestyle is associated with impaired kidney function.26 The possible mechanism underpinning the long- 
sitting adverse effects are abnormal blood pressure,27 inflammation,28 and metabolic syndrome,29 and they can contribute 
to reduced renal function.

Our study showed that physical activity was positively associated with eGFR. This finding was consistent with 
a previous study that found increased physical activity was associated with increase in eGFR.30 Furthermore, several 
meta-analyses have also shown that exercise training slightly improves the eGFR in patients with kidney disease.31,32 

A previous study reported that the possible mechanism might be that exercise or physical activity could improve 
mitochondrial β-oxidation, which can slow down the progression of kidney disease.33 We also found that physical 
activity was inversely associated with sitting time, consistent with several previous researches.34–36 Moreover, our 
mediation analysis results suggest that physical activity mediated the relationship between sitting time and eGFR. 
Namely, sitting time at least a part affected eGFR through physical activity among T2DM patients. Therefore, increased 
levels of physical activity may reduce sedentary time to achieve the reduction of renal outcomes.

The strength of our study is that most studies focused on the general population, and only a few studies were 
conducted among individuals with diabetes; meanwhile, we examined the possible mechanism that physical activity 
plays a mediating role in the relationship between sitting time and renal function. However, several limitations still need 
to be discussed. First, this was a cross-sectional study with limitations to conducting causal links of sitting time, physical 
activity, and eGFR. Second, other potential mediators of the relationship between sitting time and renal function, such as 
obesity, and inflammation, were not assessed. Besides, the information regarding physical activity and sitting time was 
self-reported by participants, which may have memory bias and present lower reliability although it be commonly used in 
epidemiological study due to the feasibility consideration. Meanwhile, we carefully defined our survey questions, and the 
interviews were conducted by well-trained interviewers. Third, the patients were from a single province, when promoting 
and applying the results to other regions of China or other countries should be cautious.

Table 5 The Mediation Model of Physical Activity Stratified by Age*

Effect β SE P-value Bias-Corrected 95% CI

Lower Upper

<45 years old

Total effect −1.208 1.122 0.283 −3.420 1.004

Indirect Effects −0.100 0.156 0.521 −0.631 0.094

Direct Effects −1.108 1.121 0.324 −3.319 1.103

45–59 years old

Total effect −0.563 0.515 0.275 −1.575 0.449

Indirect Effects −0.024 0.054 0.589 −0.206 0.039

Direct Effects −0.539 0.517 0.297 −1.554 0.476

≥60 years old

Total effect −1.036 0.501 0.039 −2.019 −0.052

Indirect Effects −0.237 0.093 0.013 −0.467 −0.089

Direct Effects −0.799 0.505 0.113 −1.789 0.192

Notes: *After controlling for gender, marital status, education, residence, smoking, alcohol 
use, BMI, fasting blood glucose, other chronic disease, disease duration, complications of 
diabetes, HbA1c, TG, TC, HDL, LDL, urea.
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Conclusions
The present findings suggest that sitting time has a negative effect on eGFR among T2DM patients. Furthermore, the 
study provides new evidence that physical activity could attenuate the association between sitting time and eGFR among 
T2DM patients. Clinicians can suggest patients, especially old patients, to increase levels of physical activity to reduce 
prolonged time in a seated position and to aim the reduction of renal outcomes. Hence, intervention strategies focusing 
on sitting time and physical activity should be paid more attention in the future.
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