
O R I G I N A L  R E S E A R C H

Association Between Weight Change During 
Adulthood and Chronic Kidney Disease: Results 
from a National Survey 2011–2018
Xuemei Gong 1,2, Xiaoxi Zeng 1,3, Ping Fu 1,2

1Department of Nephrology, West China Hospital, Sichuan University, Chengdu, People’s Republic of China; 2Division of Nephrology, Kidney 
Research Institute, West China Hospital, Sichuan University, Chengdu, People’s Republic of China; 3West China Biomedical Big Data Center, West 
China Hospital, Sichuan University, Chengdu, People’s Republic of China

Correspondence: Ping Fu, Division of Nephrology, Kidney Research Institute, West China Hospital, Sichuan University, Guo Xue Lane 37, Chengdu, 
610041, People’s Republic of China, Tel/Fax +862885422335, Email fupinghx@scu.edu.cn 

Purpose: This study aimed to investigate the intricate relationship between weight change patterns and the onset of chronic kidney 
disease (CKD). Although obesity is recognized as a predisposing factor for CKD, the dynamics of weight fluctuation and its impact on 
CKD development are not well-defined. By analyzing data from the National Health and Nutrition Examination Survey (NHANES) 
spanning 2011 to 2018, we sought to elucidate the association between weight trajectories and CKD risk.
Patients and Methods: We included participants aged ≥40 years, employing body mass index (BMI) measurements at three life 
stages—baseline, age 25, and a decade preceding baseline—to categorize weight change patterns. Logistic regression was employed to 
evaluate the association of these patterns with CKD onset, adjusting for potential confounders.
Results: The study encompassed 12,284 participants, with 2893 individuals diagnosed with CKD. Transitioning from normal weight 
to obesity and staying obese throughout adulthood were found to increase the risk of developing CKD. These associations remained 
consistent after adjusting for covariates but were statistically insignificant after adjusting for comorbidities. Notably, individuals 
transitioning from obesity to normal weight from age 25 to baseline and from 10 years before baseline to baseline demonstrated 
significant correlations with CKD but not between age 25 and 10 years before baseline.
Conclusion: Obesity, weight gain throughout adulthood, and weight loss in middle-to-late adulthood are associated with an increased 
risk of CKD. This emphasizes the importance of long-term weight change patterns and maintaining a healthy weight throughout 
adulthood.
Keywords: body weight changes, body mass index, adulthood, chronic kidney diseases, national health and nutrition examination 
survey

Introduction
Chronic kidney disease (CKD) is a serious and widespread public health problem, with its associated morbidity and 
mortality contributing significantly to worldwide disease burdens.1 For efficacious management and intervention of 
CKD, pinpointing modifiable risk factors remains paramount. Obesity has emerged as a prominent contributor to CKD, 
with extensive research exploring its association with body mass index (BMI), a widely utilized obesity measure. 
Notably, elevated BMI correlates with an amplified CKD risk, independent of confounders like hypertension and type 2 
diabetes (T2D).2–4 Yet, the nuanced interplay between obesity and CKD is intricate, epitomized by certain investigations 
unveiling an obesity-related paradox in CKD and end-stage renal disease (ESRD) cohorts.5 Previous research primarily 
relied on isolated BMI measurements, disregarding the dynamic nature of weight changes that lead to BMI fluctuations 
over time. Hence, it is crucial to consider long-term weight change patterns when investigating the obesity-CKD 
connection.
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Although a handful of studies have delved into the impact of BMI changes on CKD occurrence and progression, their 
findings have been inconsistent.6–9 Some indicate weight gain as a CKD risk factor,7,9 whereas others suggest that weight 
reduction might accelerate CKD’s evolution to ESRD.8 However, these analyses occasionally suffer from limited 
statistical robustness, predominantly accentuating ephemeral weight shifts spanning years. Weight, in reality, can exhibit 
substantial variations across adulthood stages. The propensity for weight gain is often pronounced in early adulthood, 
with a plateau or decrement manifesting in subsequent life phases.10 Precociously acquired obesity or weight gain, in 
contrast to its later onset, correlates with escalated risks of various health issues, including cardiovascular disease,11 non- 
alcoholic fatty liver disease,12 diabetes,13,14 and all-cause mortality.11

Understanding the impact of weight fluctuation and BMI changes on CKD is pivotal for recommending patient- 
centric solutions. With a considerable fraction of patients with CKD grappling with obesity, weight regulation becomes 
indispensable. Although advocacy for maintaining a salubrious BMI spectrum is well-established,15 the blueprint for 
optimal BMI modulation in CKD contexts is debatable. Our investigation harnesses data from the National Health and 
Nutrition Examination Survey (NHANES) database, integrating baseline weight measurements with self-reported 
weights at age 25 and 10 years before baseline. This methodology facilitates a comprehensive probe into weight 
trajectories from young adulthood to mid-life and late adulthood stages and their bearing on CKD susceptibility.

Materials and Methods
Study Population
Data were obtained from NHANES designed to assess population health and nutrition. This encompassed chronic disease 
information, nutritional status, lifestyle habits, and environmental exposure data gathered through interviews, physical 
assessments, and laboratory analyses. Our analysis involved participants from NHANES spanning 2011 to 2018 who 
were aged 40 or older. Inclusion criteria required data on weight at baseline, at age 25, and 10 years before baseline, 
alongside serum creatinine and urine albumin-to-creatinine data. Consequently, 12,284 participants were retained for our 
analysis (as depicted in Figure 1).

Assessment of Weight Change and Covariates
Weight data at age 25 and 10 years before the baseline NHANES survey were recall-collected during the baseline 
surveys. Height and baseline weight were measured in a mobile physical examination. We subsequently derived 
BMI values at three distinct life stages: age 25, 10 years before baseline, and baseline surveys. The formula 
employed was weight (kg) divided by the square of height (m2). Based on these BMI values, participants were 
categorized into: underweight (<18 kg/m2) and normal weight (18–25 kg/m2), overweight (25.0–29.9 kg/m2), and 
obese (≥30.0 kg/m2).

Based on a recent study by Chen et al,11 we then assessed weight change over three periods: (1) BMI changes from 
age 25 years to 10 years before baseline, approximating weight change from young to middle adulthood; (2) BMI 
changes from 10 years before baseline to baseline, approximating weight change from midlife to late adulthood; (3) BMI 
changes from age 25 years to baseline, approximating weight change during the entire adulthood period. Then we defined 
four weight change patterns for each interval: (1) stable non-obese (maintaining a BMI of <30.0 kg/m2), (2) obese to non- 
obese (changing from BMI ≥30.0 kg/m2 to <30.0 kg/m2), (3) non-obese to obese (changing from BMI <30.0 kg/m2 to 
≥30.0 kg/m2), and (4) stable obese (maintaining a BMI of ≥30.0 kg/m2).

Additionally, key variables potentially influencing the correlation between BMI transitions and CKD were extracted, 
including demographic information such as sex, age, race/ethnicity, education level, family poverty income ratio, 
smoking status, and physical activity level. We also collected self-reported baseline history of comorbidities including 
chronic bronchitis, emphysema, chronic obstructive pulmonary disease (COPD), diabetes mellitus (DM), cardiovascular 
disease (CVD), and stroke. Furthermore, the following parameters were obtained from blood tests: total cholesterol, 
triglycerides, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, fasting glucose, serum creatinine, 
blood urea nitrogen, and urine albumin-to-creatinine ratio.
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Outcome Variables
The primary outcome was weighted prevalence of CKD in the overall population and different strata, defined as the 
presence of impaired kidney function (estimated glomerular filtration rate [eGFR] <60 mL/min/1.73 m2) or albuminuria 
(urine albumin-to-creatinine ratio ≥30 mg/g). The eGFR was calculated from serum creatinine, using the chronic kidney 
disease epidemiology collaboration equation 2021,16 and albuminuria data were extracted from laboratory results.

Statistical Analysis
We employed a descriptive analysis, considering the intricate survey design parameters of NHANES, including sample 
weights, clustering, and stratification. Data metrics are presented as either mean (standard deviation) or frequency 
(percentage), contingent on suitability. Baseline characteristics were compared among weight change patterns in the three 
intervals using the Rao–Scott χ2 test for categorical variables and the Wilcoxon rank-sum test adjusted for sampling weights 
for continuous variables. Multivariable logistic regression models were utilized to establish odds ratios (ORs) and 
corresponding 95% confidence intervals (CIs) for CKD risk concerning BMI at each time point and weight change patterns 
in the three intervals. Firstly, we examined the relations between BMI at each time point and CKD risk, using normal 
weight as the reference group. In our analysis, Model 1 was not adjusted for any covariates. Model 2 accounted for 
adjustments in covariates such as sex, age, race/ethnicity, educational level, family income-poverty ratio, smoking status, 
and physical activity level. Ultimately, Model 3 further refined the adjustments to include potential mediating comorbidities, 
such as hypertension, diabetes, and cardiovascular disease. Subsequently, employing a consistent methodology, we 
meticulously examined the associations between the four weight change patterns across the three intervals and CKD.

Subgroup analyses were conducted based on sex (male vs female), age (<60, 60–80, and >80 years), and leisure 
physical activity (0 times/week, 1–2 times/week, and ≥3 times/week).

Figure 1 Flow chart of inclusion and exclusion of study participants.
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To ensure the robustness of our findings, we conducted a series of sensitivity analyses. Firstly, the Multiple 
Imputation by Chained Equations package in R was utilized to address missing data, resulting in a rigorously imputed 
dataset. This dataset facilitated a re-examination of the association between variations in BMI and CKD incidence. 
Secondly, we performed a complete case analysis by omitting cases with missing covariate information to verify the 
consistency of our results. Thirdly, we refined our classification of weight-change patterns, stratifying participants into 
quintiles based on the percentage of absolute body weight fluctuation over three distinct intervals: ≥10% weight loss, 5– 
10% weight loss, ≤5% weight change, 5–10% weight gain, and ≥10% weight gain. This new categorization was then 
employed to reevaluate the relationship between BMI change and CKD.

For all statistical evaluations, tests were two-tailed, with the threshold of significance firmly established at P < 0.05. 
These analyses were diligently performed using R software, version 4.3.0 (R Core Team, Vienna, Austria).

Results
Baseline Characteristics and Weight-Change Patterns
In this cohort analysis of 12,284 participants, the trajectory of BMI was ascending throughout all recorded intervals, 
signaling an escalating trend in obesity prevalence. Specifically, BMI increased from 24.3 (4.6) at age 25 to 28.3 (6.4) at 
10 years before baseline, escalating further to 30 (7) at the baseline survey. This trend illustrates an average weight gain 
of 15 kg from age 25 to the baseline, with an 11-kg increment from age 25 to 10 years before baseline and a 4-kg increase 
in the subsequent decade approaching baseline. Regarding weight change patterns from age 25 to baseline, most (58%) of 
the population successfully maintained a non-obese status, whereas a significant contingent (33%) experienced 
a transition from non-obesity to obesity. A minute fraction (1.3%) exhibited a reversal from obesity to non-obesity. 
Furthermore, 7.6% of the cohort consistently presented with obesity across the observed timeframe. Examining the 
period from age 25 to 10 years before baseline, 68% of participants retained a stable normal weight. A minority (8.1%) 
remained persistently obese, 23% transitioned from non-obesity to obesity, and a mere 0.8% reversed from an obese to 
a non-obese state (as elucidated in Supplementary Table 1). In the period from 10 years before baseline to baseline, 25% 
of individuals remained consistently obese, with 16% transitioning from non-obese to obese states (detailed in 
Supplementary Table 2).

As depicted in Table 1, we profiled the health-related characteristics of the participants, stratified by their weight 
trajectory from age 25 until the study baseline. This stratification elucidated notable differences among the cohorts. 
Compared with the participants with stable non-obesity, individuals in the other trajectories were, on average, younger, 
possessed lower educational achievements, and reported diminished household incomes. Particularly, the subgroup with 
persistent obesity exhibited the highest prevalence of DM. In contrast, individuals transitioning from an obese to a non- 
obese category demonstrated increased frequencies of several health conditions, including hypertension, cardiovascular 
diseases, cerebrovascular accidents, chronic bronchitis, COPD, and CKD. Baseline characteristics of the participants for 
the other two time intervals are presented in Supplementary Tables 1 and 2.

Associations of Weight and Weight-Change Patterns with Chronic Kidney Disease
Among the 12,284 study participants, 2893 were diagnosed with CKD. To elucidate the influence of BMI on CKD risk, 
we systematically examined this association at three separate time intervals (Supplementary Table 3), using the normal 
weight group as the reference. In Model 1, overweight individuals had a relative risk of 1.4 (95% CI: 1.17–1.66) 10 years 
before baseline. Contrastingly, obesity presented a more pronounced risk at different time points: 1.52-fold (95% CI: 
1.33–1.73) at baseline, 1.91-fold (1.61–2.26) 10 years before the baseline, and 1.38-fold (1.14–1.68) at age 25. Notably, 
underweight individuals did not manifest a significant association with CKD when benchmarked against individuals with 
normal weight. After adjusting for covariates such as sex, age, education, income, smoking, and physical activity, the 
observed relationships paralleled those from Model 1. However, a nuanced adjustment that factored in comorbidities in 
Model 3 rendered the observed correlations statistically non-significant.

Figure 2 offers a comprehensive visual representation of the relationship between weight-change patterns over the 
three periods and CKD using the stable normal-weight group as the benchmark. In the unadjusted model, both the 
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Table 1 Baseline Characteristics of Study Participants in the NHANES 2011–2018 According to Weight Change Patterns from Age 25 
Years to Baseline

Characteristic Overall,  
N = 12,284 

(100%)

Stable Non- 
Obese, N = 7055  

(58%)

Obese to Non- 
Obese, N = 209  

(1.3%)

Non-Obese to 
Obese, N = 4107  

(33%)

Stable Obesity, 
N = 913  
(7.6%)

P value

BMI at 25 years old (kg/m2) 30 (7) 25 (3) 27 (2) 35 (5) 40 (7) <0.001

BMI at 10 years before baseline (kg/m2) 28.3 (6.4) 25.1 (3.8) 32.0 (5.9) 31.1 (5.3) 39.2 (7.9) <0.001

BMI at baseline (kg/m2) 24.3 (4.6) 22.5 (2.7) 34.2 (5.1) 24.6 (3.0) 34.9 (5.3) <0.001

Weight change (kg) 15 (16) 8 (9) −21 (15) 28 (14) 13 (22) <0.001

Age 58 (12) 58 (12) 59 (12) 58 (11) 54 (10) <0.001

Sex <0.001

Male 5975 (48%) 3636 (48%) 136 (63%) 1750 (45%) 453 (54%)

Female 6309 (52%) 3419 (52%) 73 (37%) 2357 (55%) 460 (46%)

Race <0.001

Mexican American 1520 (6.2%) 739 (5.2%) 37 (8.2%) 621 (7.6%) 123 (7.5%)

Non-Hispanic White 4890 (71%) 2825 (72%) 88 (70%) 1607 (70%) 370 (70%)

Non-Hispanic Black 2736 (9.7%) 1287 (7.7%) 51 (12%) 1099 (12%) 299 (15%)

Other/multiracial 3138 (13%) 2204 (15%) 33 (11%) 780 (11%) 121 (7.6%)

Education Level 0.024

Less than high school 1260 (4.9%) 726 (5.0%) 27 (6.7%) 431 (5.0%) 76 (3.8%)

High School or GED 4279 (31%) 2367 (30%) 86 (36%) 1482 (34%) 344 (33%)

College or above 6737 (64%) 3956 (65%) 96 (57%) 2192 (62%) 493 (63%)

FIPR <0.001

0–1.0 2079 (11%) 1111 (10%) 54 (21%) 726 (12%) 188 (14%)

1.0–3.0 4643 (33%) 2591 (32%) 83 (37%) 1615 (36%) 354 (35%)

>3.0 4451 (56%) 2718 (58%) 49 (43%) 1394 (53%) 290 (51%)

Smoking status <0.001

Never smoker 5105 (54%) 2918 (55%) 63 (36%) 1732 (53%) 392 (51%)

Former smoker 2713 (30%) 1451 (27%) 39 (28%) 998 (34%) 225 (31%)

Current smoker 1662 (16%) 1018 (18%) 60 (36%) 442 (13%) 142 (17%)

Leisure time physical activity <0.001

0 times/week 10,864 (86%) 6078 (81%) 194 (89%) 3753 (91%) 839 (92%)

1–2 times/week 672 (7.1%) 456 (9.1%) 8 (6.6%) 172 (4.4%) 36 (4.3%)

≥3 times/week 748 (7.4%) 521 (9.6%) 7 (4.2%) 182 (4.4%) 38 (4.0%)

HDL-C (mmol/L) 1.42 (0.45) 1.52 (0.48) 1.39 (0.46) 1.29 (0.36) 1.25 (0.35) <0.001

Total Cholesterol (mmol/L) 5.11 (1.10) 5.17 (1.08) 4.72 (1.16) 5.08 (1.14) 4.89 (1.04) <0.001

Triglyceride (mmol/L) 1.43 (1.21) 1.29 (1.02) 1.25 (0.61) 1.65 (1.52) 1.60 (1.00) <0.001

LDL-C (mmol/L) 3.01 (0.93) 3.03 (0.93) 2.84 (0.95) 2.98 (0.95) 2.94 (0.93) 0.061

Glucose (mmol/L) 6.23 (1.93) 5.90 (1.53) 6.47 (2.64) 6.59 (2.09) 7.25 (3.00) <0.001

HbA1c (%) 5.83 (1.02) 5.65 (0.81) 6.09 (1.64) 6.04 (1.12) 6.24 (1.47) <0.001

eGFR (mL/min/1.73m2) 92 (32) 92 (31) 95 (38) 91 (32) 96 (33) 0.012

Scr (umol/L) 80 (31) 80 (31) 85 (46) 80 (27) 81 (39) 0.6

BUN (mmol/L) 5.37 (2.05) 5.33 (1.98) 5.64 (2.24) 5.39 (2.10) 5.55 (2.28) 0.12

ACR (mg/g) 40 (296) 31 (242) 83 (568) 48 (319) 69 (452) <0.001

Diabetes 2982 (18%) 1202 (11%) 69 (28%) 1337 (27%) 374 (35%) <0.001

Hypertension 5921 (44%) 2847 (35%) 122 (60%) 2387 (54%) 565 (56%) <0.001

CVD 1233 (8.7%) 591 (6.9%) 43 (15%) 467 (11%) 132 (12%) <0.001

Stroke 636 (3.9%) 334 (3.5%) 19 (5.4%) 232 (4.4%) 51 (4.5%) 0.11

Chronic bronchitis 839 (7.0%) 380 (5.8%) 20 (14%) 345 (8.4%) 94 (8.9%) <0.001

COPD 527 (5.4%) 274 (5.1%) 15 (9.3%) 194 (5.8%) 44 (5.3%) 0.3

CKD 2893 (19%) 1486 (17%) 78 (27%) 1043 (22%) 286 (24%) <0.001

Cancer 1608 (15%) 963 (16%) 31 (13%) 526 (15%) 88 (11%) 0.042

Notes: Data are given as median (sd) for continuous; n (%) for categorical; For categorical variables, P value was calculated by Rao-Scott χ2 test, which is design adjusted 
version of Pearson χ2 test. For continuous variables, Wilcoxon rank-sum test was used to calculate P value. 
Abbreviations: FIPR, family poverty income ratio; HDL-C, high density lipoprotein-cholesterol; LDL-C, low density lipoprotein-cholesterol; SCr, serum creatinine; BUN, 
Blood urea nitrogen; ACR, albumin: creatinine ratio; eGFR,estimated Glomerular Filtration Rate;CVD, cardiovascular disease; CKD, chronic kidney disease; COPD, chronic 
obstructive pulmonary disease.
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transitions, from non-obese to obese as well as stable obese groups, showed a significant association with increased CKD 
risk over all three periods. From age 25 to baseline, transitioning from a non-obese to obese status was linked to an OR of 
1.39 (95% CI: 1.24–1.56), whereas the stable obese group revealed an OR of 1.52 (95% CI: 1.23–1.88). Between age 25 
and 10 years before the baseline, the ORs were 1.62 (95% CI: 1.41–1.86) and 1.57 (95% CI: 1.28–1.94) for the 
transitioning from a non-obese to obese status and stable obese groups, respectively. From 10 years before baseline to 
baseline, the corresponding ORs stood at 1.29 (95% CI: 1.09–1.54) and 1.65 (95% CI: 1.47–1.85). Moreover, the group 
transitioning from obesity to a non-obese status presented a robust link with CKD at specific intervals. Specifically, there 
was an 80% elevated risk from age 25 to baseline (OR=1.80, 95% CI: 1.21–2.69) and a 97% heightened risk in 10 years 
before baseline (OR=1.97, 95% CI: 1.55–2.50). Notably, this association was not consistently observed from age 25 to 10 
years before the baseline, with an OR of 1.53 (95% CI: 0.90–2.60). Model 2, even after covariate adjustments, mirrored 
these findings. The transition from a non-obese to obese status and sustained obesity remained significantly associated 
with CKD across all intervals. Remarkably, when juxtaposed with the stable non-obese cohort, maintaining obesity was 
pinpointed as the strongest predictor for CKD onset. In the intricately adjusted Model 3, which incorporated baseline 
comorbidities like diabetes, cardiovascular diseases, and hypertension, the associations between various BMI-change 
patterns and CKD were found to be weakened and statistically insignificant (Supplementary Table 4).

Subgroup stratification by sex demonstrated consistent patterns. However, a distinct stratification by sex within the 
older subgroup, those aged ≥80 years, did not exhibit a clear link between weight change and CKD, indicating potential 
variances attributable to aging. Regarding physical activity levels, an absence of regular exercise amplified the 
detrimental effects of weight escalation on renal function, predominantly evident in the cohorts with obesity. On the 
brighter side, sustained physical activity appeared to temper the adverse ramifications of obesity on renal health, as 
evidenced by our findings, which pinpointed the shift from obesity to non-obesity as a protective factor against CKD 
onset (Supplementary Table 5).

Lastly, in sensitivity analyses, both imputations and complete-case analyses consistently confirmed our primary 
findings, as detailed in Supplementary Tables 6 and 7. Moreover, when classifying participants according to the 
percentage variation in absolute body weight, weight reductions of 5–10% and over 10% were profoundly linked to 
an augmented CKD risk from 10 years before baseline to baseline, even after adjusting for covariates and comorbidities. 
This further reinforces the notion that, during middle-to-late adulthood, weight loss emerges as a salient risk factor for 
CKD (Supplementary Table 8).

Discussion
Using a large, nationally representative sample of middle-aged and older adults, we aimed to determine the association 
between long-term weight change and CKD. Our data clearly indicate that obesity is a significant and robust risk factor 

Figure 2 Odds Ratios (95% Confidence Intervals) for the association between weight change patterns and CKD risk across adulthood.
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for CKD, as is marked weight gain over time. Crucially, the observed association persisted even after accounting for 
a range of potential confounders. Notably, a transition from an obese to a normal weight status during mid-to-late 
adulthood was associated with CKD risk, at times exceeding the risks associated with consistent obesity. This trend was 
not evident in the earlier stages of adulthood. Our findings, therefore, underscore a complex and stage-specific interplay 
between weight dynamics and CKD risk, suggesting that the timing of weight change may have substantial implications 
for renal health outcomes.

Numerous studies have documented non-linear (U- or J-shaped) associations between BMI and CKD,4,17–20 with 
higher BMI being a known risk factor for ESRD.17 This concurs with our findings and is supported by Mendelian 
randomization studies indicating an inverse relationship between high BMI and renal function, independent of diabetic 
status.3 Current evidence suggests that metabolic abnormalities,21 chronic inflammation,22 and increased risk of hyper-
tension or diabetes23 are implicated in the connection between excess body weight and CKD. Additionally, the direct 
impacts of obesity on renal structure or function can lead to renal damage and lower glomerular filtration rates.24 Despite 
this, our covariate-adjusted analyses did not corroborate an increased risk of CKD with overweight status, as has been 
stated in some previous reports.25 This variance may be attributable to methodological differences and sample size 
discrepancies among studies. Intriguingly, the “obesity paradox”—improved survival rates in patients with obesity with 
ESRD—persists in the literature, challenging conventional understanding of obesity’s role in chronic illnesses.5 Despite 
rigorous adjustment for confounders, the paradoxical protective effect of higher BMI in ESRD suggests a complex 
interplay between obesity, inflammation, and hemodynamic stability.5 Emerging experimental and clinical research 
suggests that obesity and elevated adiposity may confer a protective advantage in contexts marked by systemic 
inflammation and hemodynamic instability.26 This hypothesis is bolstered by evidence demonstrating that individuals 
who are underweight or malnourished are at a higher risk for negative health outcomes.27,28 The observed “obesity 
paradox” may also reflect a non-causal association, where BMI variations are secondary to changes in health status rather 
than directly contributing to ESRD outcomes. Current insights stem predominantly from observational studies; hence, 
causal interpretations remain speculative, necessitating further research for a comprehensive elucidation.

Our study underscores the importance of evaluating weight trajectories over absolute weight values, acknowl-
edging that both weight gain and loss are pertinent to CKD risk. The trajectory and timing of weight-changes can 
influence disease outcomes.29–31 Previous studies have also suggested that weight-changes can affect the occurrence 
or progression of CKD.6,8,9,32–34 However, inconsistent conclusions have been also reported in this regard. Ku et al, 
for example, examined weight-changes in adults with CKD and their association with mortality following the 
initiation of dialysis therapy. They found that significant weight loss in pre-dialysis stages has been associated with 
increased mortality post-dialysis initiation.6 Conversely, among participants without CKD at baseline, another study 
revealed that weight gain exceeding 10% (RR: 1.43; 95% CI: 1.07–1.90) and increase in waist circumference 
exceeding 15% (RR: 1.37; 95% CI: 1.01–1.85) were associated with higher risk of CKD incidence.35 Research has 
also shown that rapid weight gain and loss are associated with a high risk of adverse outcomes.7 Although a significant 
association between mid-to-late-life weight loss and CKD emerged, earlier studies have connected weight loss in older 
adults with increased mortality,11,36,37 possibly confounded by smoking habits or pre-existing conditions.38 

Consequently, interpretations of weight loss as a CKD correlate must be approached with caution, given the potential 
reverse causality from undiagnosed diseases at baseline. Unfortunately, this study’s design precludes the ability to 
differentiate whether weight loss is a precursor or a consequence of ill health. Furthermore, weight reduction in 
middle-aged and older adults may reflect a state of protein-energy wasting and nutritional deficits, which have been 
implicated in exacerbating outcomes for patients with CKD—an imbalance between lean and fat mass is especially 
prognostic of adverse events.7 Weight loss might also indicate a more severe underlying disease state or enhanced 
inflammatory processes, potentially signaling an accelerated progression toward ESRD.39 It should be noted that this 
study did not capture data on the intent behind weight loss, which is relevant given that some studies have observed 
that purposeful weight loss through interventions designed to increase muscle mass and decrease fat can decelerate the 
emergence and progression of CKD.40,41 This observation supports the hypothesis that selective reduction in specific 
fat compartments and preservation of lean body mass might have differential effects on morbidity and mortality.42 

Lastly, although BMI is ubiquitously utilized as an obesity metric, it fails to provide an accurate assessment of body 
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fat distribution—a factor that may be more decisive than overall mass in contributing to vascular complications 
associated with CKD.43

Our study, though informative, presents several non-negligible limitations warranting cautious interpretation of the 
results. Primarily, the inherent design of this observation study constrains our capacity to establish causative 
determinations between BMI fluctuations and CKD. Additionally, our reliance on self-reported historical weight 
data introduces the potential for recall bias, with inaccuracies possibly arising from participants’ imperfect recollec-
tions or societal influences, including normative biases or stigma. Furthermore, the analysis did not adjust for 
a spectrum of variables potentially influencing weight loss, encompassing nutritional practices, pathological weight 
loss secondary to illness (cachexia), or medication effects. Consequently, the posited correlations between weight 
trajectory and CKD risk may not fully account for these confounding factors, possibly diminishing the inferred 
associations’ strength.

Conclusions
Despite these constraints, our investigation reveals a compelling link between BMI variation patterns and the risk of 
CKD, highlighting a notably heightened risk in individuals with consistent obesity or those experiencing weight gain 
throughout adulthood, as well as those with weight loss in middle-to-late adulthood. The relationship between weight 
dynamics and CKD underscores the complex nature of obesity-related risk factors and suggests that weight management 
across the lifespan could play a pivotal role in CKD prevention and control. Future research endeavors should aim to 
elucidate the intricate mechanisms underpinning these associations and assess the impact of targeted weight management 
interventions on the progression and prevention of CKD.
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