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Background

Early intervention and management of anemia, particularly the commonly used measures of hemoglobin (Hb) and hematocrit (HCT), are important in slowing and preventing the progression of chronic kidney disease (CKD). However, the optimal range for regulating Hb and HCT levels remains uncertain.





Objective

The aim of this study was to elucidate the intrinsic relationship between Hb and HCT and the short- and long-term prognosis of CKD, and determine optimal ranges for Hb and HCT.





Methods

We retrospectively collected demographic and clinical data over a 6-year follow-up period in Lingnan, China, to show the long-term characteristics of Hb and HCT, and studied the association between Hb, HCT, and the prognosis of patients with CKD stages 3–4. We constructed Cox and group-based trajectory modeling (GBTM) models to examine Hb’s and HCT’s associations with short- and long-term risk of composite outcomes in patients with CKD stages 3–4.





Results

A total of 730 individuals were included, with a median age of 59.30 (48.47, 68.63) years, 306 (41.92%) were women, and median eGFR was 39.24 (26.26, 50.67) mL/min/1.73 m2. A multivariate time-dependent Cox model revealed mean_Hb and mean_HCT as independent protective factors for the composite outcome {hazard ratio (HR) (95% confidence interval [CI]): 0.851 (0.786, 0.921) g/L, p=0.000; 0.578% (0.441%, 0.758%), p=0.000}. Optimized GBTM models categorized Hb and HCT into four groups. Group 1 (“lower and decreasing”) (Hb<100 g/L, HCT approximately 30%) served as the reference. Groups 2 (“lower and growing slightly”) (Hb 110–120 g/L, HCT approximately 35%), 3 (“higher and growing slightly”) (Hb 125–135 g/L, HCT approximately 40%), and 4 (“higher and growing steadily”) (Hb 145–160 g/L, HCT approximately 45%) served as independent protective factors for patients with CKD stages 3–4 for the composite outcome (p=0.000; p for trend<0.000). Subgroup analyses showed interactions between mean_Hb and sex (p for interaction=0.034), as well as between Hb trajectory group 2 and CKD stage (p for interaction=0.015).





Conclusions

Maintenance of stable and higher Hb levels of 110–130 g/L and HCT levels of 35%–40% in patients with CKD stages 3–4 is both protective and reliable in delaying CKD progression.
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Introduction

Chronic kidney disease (CKD) is characterized by a progressive loss of renal structure and function, which may eventually lead to irreversible renal impairment. The global prevalence of adult CKD ranges from approximately 15% to 20%, with the prevalence of adult CKD in mainland China estimated at approximately 8.2% (1–3). Patients with end-stage renal disease (ESRD) must rely on renal replacement therapy (RRT), such as dialysis or renal transplantation, in order to continue to live. It is possible that those affected may experience a greater economic burden and a lower quality of life (4, 5). Therefore, the development of efficacious interventions to impede the progression of CKD has become a current research priority in the field of nephrology.

Anemia is a prevalent complication in patients with CKD, with a twofold higher prevalence than in the general population (6). Impaired renal function results in a microinflammatory state, decreased oxidative capacity, and abnormal endocrine function. Together, these factors lead to decreased erythropoietin (EPO) production and abnormal absorption and transport of hematopoietic raw materials such as iron. Research indicates that anemia has a detrimental impact on the quality of life of patients with CKD. On the one hand, anemia is associated with adverse symptoms such as fatigue and depression. On the other hand, anemia increases the risk of entering ESRD and developing all-cause mortality (6–9). The prompt intervention and management of anemia is of significant importance in the slowing down and prevention of the progression of CKD.

Hemoglobin (Hb) and hematocrit (HCT) are commonly employed in the assessment and management of anemia, as they provide a direct reflection of the status and function of red blood cells. Hb is responsible for transporting oxygen and is directly related to the body’s oxygen supply, which is a key substance for maintaining normal physiological functions of the body. HCT is the proportion of red blood cells and is crucial for assessing the status of red blood cell production and destruction. Therefore, Hb and HCT play an important role in the diagnosis, treatment, and management of renal anemia. Hb and HCT can be effectively improved by conventional pharmacological means of treatment, including EPO, iron, and folic acid, as well as the latest drugs such as roxadustat (10, 11).

However, the optimal range for regulating levels of Hb and HCT remains uncertain, with conflicting recommendations present across guidelines. For instance, the 2012 the Kidney Disease: Improving Global Outcomes (KDIGO) guideline recommended that the Hb of patients with CKD should be controlled at 110–120 grams per liter (g/L), corresponding to an HCT of 33%–36%. In contrast, the 2017 UK NICE guideline recommended controlling the level of Hb of adults at 100–120 g/L. Researchers in mainland China proposed that the optimal therapeutic target for Hb in patients with CKD should be within the range of 115–130 g/L. It was further recommended that Hb levels should be individually adjusted within the range of 110–120 g/L in accordance with the patient’s chronological age, the mode and duration of dialysis, the duration of the erythropoiesis-stimulating agent (ESA) treatment, and the presence of other concomitant diseases (12–14). Furthermore, there are only a few guidelines that suggest a growth rate in Hb during anemia treatment. For instance, the Chinese expert consensus on renal anemia states that the initial goal of ESA treatment is to increase Hb by 10–20 g/L per month, and to avoid an increase in Hb of more than 20 g/L within 1 month (14). The controversy surrounding the Hb targets makes it challenging for physicians to identify a clear standard in the actual treatment process, which in turn increases the complexity and uncertainty of anemia management.

The optimal range for level of Hb is a matter of contention for a number of reasons. Firstly, the majority of studies only observe the relationship between baseline Hb level and disease prognosis, whereas in reality, the Hb concentration undergoes changes with the CKD progression. Focusing solely on a specific point in time is not sufficiently objective to analyze the relationship between anemia and disease prognosis (8, 9, 15). Furthermore, most studies on the prognosis of patients with CKD with anemia have employed stratified comparative analyses, which have yielded disparate conclusions, leading to heterogeneity in Hb control criteria (16, 17). Thirdly, a number of pertinent studies were conducted among Western populations, with fewer studies conducted in Asian populations (16, 17).

In light of the controversies previously outlined, our study investigates the relationship between baseline level and longitudinal change of Hb and HCT and CKD prognosis in Chinese patients with CKD stages 3–4 in order to elucidate the intrinsic link between Hb and HCT and CKD short- and long-term prognosis, as well as to determine the optimal range of Hb and HCT control.





Methods




Study design and population

We searched the Hospital Information System (HIS) at Guangdong Provincial Hospital of Chinese Medicine (GPHCM) with the following keywords: “kidney disease” or “renal failure” or “renal disease” or “nephritis” or “proteinuria” or “hematuria”. Patients with kidney disease who visited from March 2012 to March 2023 were enrolled in a single-center, retrospective cohort study (Ethics approval no. ZE2023-330). Patients aged 18–80 years with CKD stages 3–4 were eligible (18). Patients who had been diagnosed with acute and critical illnesses (e.g., acute cerebral infarction, acute heart failure, shock, malignant tumor, and hematological diseases) within 3 months of the baseline, those who had incomplete follow-up data, those who had received RRT within 3 months from the baseline, those with eGFR less than 15 mL/min/1.73m2, those with a follow-up period of less than 3 months, or those who had missing data for covariates exceeding 20% were excluded.





Exposures

Hb and HCT were collected at each clinical visit. The baseline values, the mean values during the first year, and the trajectories during the follow-up period of Hb and HCT were considered as exposure variables. Trajectories were modeled using values aggregated in 3-month intervals.





Covariates

All covariates, including demographic data, clinical diagnoses, medication in use, physical examination, and laboratory indicators, were fixed variables collected at baseline. The demographic characteristics included age (continuous), sex (fixed variables, male vs. female), and marital status. The clinical diagnosis included etiology and comorbidities. The etiology included primary glomerulopathy, hypertensive nephropathy, diabetic nephropathy, other secondary kidney diseases (including infectious or autoimmune kidney diseases, obstructive nephropathy, uric acid nephropathy, and pyelonephritis), and unknown. Comorbidities included hypertension, diabetes, hyperuricemia, hyperlipidemia, and anemia. Medication in use included ACEI/ARB, hypoglycemic agents, urate-lowering drugs, lipid-lowering drugs, calcium supplements, sodium bicarbonate, ketoacid tablets, diuretics, ESAs, or iron. Laboratory measurements were mostly obtained under standardized procedures at Guangdong Provincial Hospital of Chinese Medicine—morning venous sampling after an overnight fast. These measurements included serum albumin (ALB), creatinine (SCr), blood urea nitrogen (urea), total carbon dioxide (TCO2), uric acid (UA), aspartate aminotransferase (AST), alanine aminotransferase (ALT), phosphorus (P), calcium (Ca2+), potassium (K+), sodium (Na+), low-density lipoprotein cholesterol (LDL-C), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), fasting blood glucose (Glu), and urine protein/creatinine ratio (UPCR). Covariates with a missing rate exceeding 30% were excluded, including P, Ca2+, K+, Na+, Glu, and UPCR (Supplementary Data Sheet 1). eGFR was calculated using the CKD Epidemiology Collaboration (CKD-EPI) creatinine equation.





Outcomes

Composite outcome was defined as all-cause mortality, ESRD (received RRT or eGFR<15 mL/min/1.73 m2), at least a 50% decline in eGFR from baseline, and a doubling of SCr. Patients were followed until the end of the follow-up period or until they were lost to follow-up.





Statistical analysis

Outliers of continuous variables were winsorized with 0.1 cutoffs at each tail. The corrplot R package was applied to analyze variable multicollinearity (Supplementary Data Sheet 1), and LASSO regression was used for features selection. Missing baseline covariates were imputed with multiple imputation through the Markov chain Monte Carlo sampling approach (with the mice R package) to reduce potential bias and the estimators were pooled based on Rubin’s 1987 criterion (19).

Continuous variables were summarized by mean ± standard deviation (SD) for normal distributions and by median (interquartile ranges) for non-normal distributions. Categorical variables were summarized by frequencies and percentages (%). Mann–Whitney U-test and chi-square test were applied to compare between-group characteristics. Tables and bar charts were employed to demonstrate and contrast the characteristics of the individuals included and the features of the groups classified in accordance with the Chinese guideline and consensus (14).

Exposure 1 (baseline_Hb and mean_Hb during the first year), exposure 2 (baseline_HCT and mean_HCT during the first year), and their trajectories via the group-based trajectory modeling (GBTM) method were considered as independent variables. The trajectories were extracted based on trajectory length, average velocity, direction, and other trajectory features and fitted in one to six trajectory subgroups with linear, square, and cubic forms. The best-fit model was selected by statistical criteria, model-fit indices, and specialized knowledge (Supplementary Data Sheet 4).

Kaplan–Meier curves with a log-rank test were employed to visualize survival probability. Univariate and multivariate Cox regression models were fitted with baseline_Hb and mean_Hb, baseline_HCT and mean_HCT, and the change trajectory groups of Hb and HCT as independent variables; the composite outcome and survival time as dependent variables; and the baseline values of other demographic and clinical information as covariates. Covariates with a p-value of less than 0.10 were added to construct multivariate Cox models with Lasso regression. p for trend was calculated to show whether there are any trends between trajectory subgroups.





Subgroup analyses and sensitivity analyses

Subgroup analyses were performed based on the final multivariate Cox model for each dataset to explore the existing interaction of subgroups of age, sex, CKD stage, and comorbidity (hypertension and diabetes mellitus) with the composite outcome. The above analyses were repeated as sensitivity analyses using cases with complete baseline information.

Proportional hazard (PH) assumption was tested via Schoenfeld residuals. An interaction with time of follow-up was introduced if the PH assumption was violated. The results of the Cox regressions were expressed as hazard ratios (HRs) with 95% confidence intervals (CIs) and a forest plot was applied to visualize the results of the analysis. GBTM was conducted using SAS 9.4. The remaining analyses were performed using R Studio. All statistical tests were two-sided, and p-values < 0.05 were considered statistically significant.






Results




Baseline characteristics

We identified 4,332 adult patients with CKD stages 3–4 who had at least one Hb and HCT measurement. A total of 2,785 individuals had lack of exposures, 487 had incomplete follow-up data, and 330 had a follow-up duration of less than 3 months. A total of 730 individuals were included (Figure 1).

[image: Flowchart showing patient selection for a study. Initial group: 4,332 adults with CKD stage 3-4. Excluded: 3,272 with missing Hb and HCT data and incomplete follow-up. Eligible patients: 1,060. Excluded: 330 with follow-up under three months. Final analysis: 730 patients.]
Figure 1 | Patient selection flowchart.

The median age of the 730 patients was 59.30 (48.47, 68.63) years with 306 (41.92%) women. The median eGFR was 39.24 (26.26, 50.67) mL/min/1.73 m2. A total of 204 (27.90%) patients were diagnosed with primary glomerulonephritis, 536 (73.42%) patients had a history of hypertension, 234 (32.05%) were diagnosed with diabetes mellitus, 33 (4.52%) had a history of anemia, and 299 (40.96%) reported the use of ACEI/ARB. The median level of baseline_Hb was 121.00 (107.00, 135.00) g/L and the median level of mean_Hb in the first year was 120.00 (105.81, 132.92) g/L. The median level of baseline_HCT was 36.80% (32.62%, 40.80%), and the median level of mean_HCT in the first year was 36.61% (32.27%, 40.19%) (Table 1).


Table 1 | Baseline characteristics of the total sample and the grouped sample according to expert consensus.
	Variables
	Overall(N=730)
	Substandard group (<115g/L) (N=270)
	Standard group (≥115g/L, ≤130g/L) (N=219)
	Excess group (>130g/L) (N=241)
	P


	Mean (SD)/Median (IQR)/N(%)



	baseline_Hb, g/L
	 
	121.00 (107.00, 135.00)
	102.00 (92.00, 109.00)
	122.00 (118.00, 126.00)
	140.00 (135.00, 150.00)
	<0.001


	mean_Hb, g/L
	 
	120.00 (105.81, 132.92)
	104.25 (95.36, 111.20)
	120.25 (113.33, 125.22)
	139.60 (130.00, 148.17)
	<0.001


	baseline_HCT, %
	 
	36.80 (32.62, 40.80)
	31.30 (28.32, 33.07)
	37.20 (35.90, 38.45)
	42.40 (40.80, 44.90)
	<0.001


	mean_HCT, %
	 
	36.61 (32.27, 40.19)
	31.89 (29.11, 34.20)
	36.65 (34.48, 38.18)
	42.10 (39.26, 44.27)
	<0.001


	Age, year
	 
	59.30 (48.47, 68.63)
	59.54 (49.24, 68.72)
	60.83 (49.90, 68.90)
	58.13 (47.01, 68.37)
	0.324


	Sex
	Female
	306 (41.92)
	158 (58.52)
	101 (46.12)
	47 (19.50)
	<0.001


	Male
	424 (58.08)
	112 (41.48)
	118 (53.88)
	194 (80.50)
	 


	eGFR, ml/min/1.73 m2
	 
	39.24 (26.26, 50.67)
	30.52 (22.34, 45.42)
	39.45 (26.34, 50.47)
	45.85 (34.56, 55.13)
	<0.001


	ALB, g/L
	 
	40.90 (35.90, 44.50)
	37.40 (31.65, 41.45)
	40.90 (36.50, 44.30)
	44.10 (40.10, 46.50)
	<0.001


	Urea, mmol/L
	 
	9.19 (7.30, 11.92)
	10.80 (8.42, 13.40)
	9.33 (7.42, 11.50)
	7.90 (6.44, 9.79)
	<0.001


	UA, mmol/L
	 
	454.85 (383.00, 529.00)
	458.00 (379.00, 543.00)
	451.00 (376.00, 516.00)
	463.00 (391.75, 539.75)
	0.374


	TCO2, mmol/L
	 
	23.60 (21.50, 25.98)
	22.70 (20.90, 25.55)
	23.55 (21.77, 26.20)
	24.40 (22.45, 26.10)
	<0.001


	LDL-C, mmol/L
	 
	3.21 (2.44, 4.21)
	2.97 (2.31, 4.18)
	3.36 (2.49, 4.33)
	3.32 (2.55, 4.16)
	0.276


	TC, mmol/L
	 
	4.97 (4.18, 6.14)
	4.77 (3.91, 6.29)
	5.16 (4.22, 6.15)
	4.98 (4.37, 6.00)
	0.484


	HDL-C, mmol/L
	 
	1.16 (0.95, 1.44)
	1.14 (0.89, 1.48)
	1.17 (0.99, 1.44)
	1.17 (0.94, 1.44)
	0.661


	AST, mmol/L
	 
	19.00 (15.00, 24.00)
	18.00 (14.50, 23.00)
	19.00 (15.00, 23.00)
	20.00 (16.00, 25.00)
	0.004


	ALT, mmol/L
	 
	14.75 (11.00, 20.00)
	12.00 (9.00, 18.00)
	14.55 (11.00, 18.02)
	17.00 (13.00, 25.00)
	<0.001


	Protopathy
	Primary Glomerulonephritides
	204 (27.95)
	75 (27.78)
	62 (28.31)
	67 (27.80)
	0.083


	Hypertensive Renal Disease
	19 (2.60)
	6 (2.22)
	4 (1.83)
	9 (3.73)
	 


	Diabetic nephropathy
	40 (5.48)
	19 (7.04)
	14 (6.39)
	7 (2.90)
	 


	Others
	62 (8.49)
	20 (7.41)
	12 (5.48)
	30 (12.45)
	 


	Unknown
	405 (55.48)
	150 (55.56)
	127 (57.99)
	128 (53.11)
	 


	With Hypertension
	No
	194 (26.58)
	58 (21.48)
	55 (25.11)
	81 (33.61)
	0.007


	Yes
	536 (73.42)
	212 (78.52)
	164 (74.89)
	160 (66.39)
	 


	With Diabetes mellitus
	No
	496 (67.95)
	166 (61.48)
	147 (67.12)
	183 (75.93)
	0.002


	Yes
	234 (32.05)
	104 (38.52)
	72 (32.88)
	58 (24.07)
	 


	With Hyperuricemia
	No
	661 (90.55)
	245 (90.74)
	198 (90.41)
	218 (90.46)
	0.991


	Yes
	69 (9.45)
	25 (9.26)
	21 (9.59)
	23 (9.54)
	 


	With Hyperlipidemia
	No
	619 (84.79)
	233 (86.30)
	180 (82.19)
	206 (85.48)
	0.425


	Yes
	111 (15.21)
	37 (13.70)
	39 (17.81)
	35 (14.52)
	 


	With Anemia
	No
	697 (95.48)
	241 (89.26)
	215 (98.17)
	241 (100.00)
	<0.001


	Yes
	33 (4.52)
	29 (10.74)
	4 (1.83)
	0 (0.00)
	 


	With ACEI/ARB
	No
	431 (59.04)
	160 (59.26)
	123 (56.16)
	148 (61.41)
	0.518


	Yes
	299 (40.96)
	110 (40.74)
	96 (43.84)
	93 (38.59)
	 


	With Calcium Supplements
	No
	564 (77.26)
	186 (68.89)
	174 (79.45)
	204 (84.65)
	<0.001


	Yes
	166 (22.74)
	84 (31.11)
	45 (20.55)
	37 (15.35)
	 


	With Sodium Bicarbonate
	No
	466 (63.84)
	159 (58.89)
	151 (68.95)
	156 (64.73)
	0.066


	Yes
	264 (36.16)
	111 (41.11)
	68 (31.05)
	85 (35.27)
	 


	With Ketoacid Tablets
	No
	507 (69.45)
	172 (63.70)
	152 (69.41)
	183 (75.93)
	0.011


	Yes
	223 (30.55)
	98 (36.30)
	67 (30.59)
	58 (24.07)
	 


	With Diuretics
	No
	559 (76.58)
	181 (67.04)
	173 (79.00)
	205 (85.06)
	<0.001


	Yes
	171 (23.42)
	89 (32.96)
	46 (21.00)
	36 (14.94)
	 


	With ESAs or Iron
	No
	587(80.41)
	157(58.15)
	198(90.41)
	232(96.27)
	<0.001


	Yes
	143(19.59)
	113(41.85)
	21(9.59)
	9(3.7)
	 


	Follow-up duration
	 
	35.97 (16.12, 56.18)
	27.21 (12.98, 46.97)
	38.49 (16.20, 62.08)
	42.75 (24.03, 60.69)
	<0.001


	Composite outcomes (%)
	No
	473 (64.79)
	143 (52.96)
	141 (64.38)
	189 (78.42)
	<0.001


	Yes
	257 (35.21)
	127 (47.04)
	78 (35.62)
	52 (21.58)
	 





Estimated glomerular filtration rate, eGFR; albumin, ALB; uric acid, UA; total carbon dioxide, TCO2; low-density lipoprotein cholesterol, LDL-C; total cholesterol, TC; high-density lipoprotein cholesterol, HDL-C; aspartate transaminase, AST; alanine aminotransferase, ALT; angiotensin converting enzyme inhibitors, ACEI; angiotensin receptor blocker, ARB;Primary Glomerulonephritides included chronic nephritis, nephropathy syndrome and IgA nephropathy.Other secondary nephrosis included systemic lupus erythematosus nephritis, Henoch-Schonlein purpura,Hepatitis B virus-associated nephritis and obstructive nephropathy, etc.; hemoglobin, Hb; hematocrit, HCT.



The median follow-up duration was 35.97 (16.12, 56.18) months with 257 (35.21%) composite outcomes. The features and survival probability comparison of the groups were classified in accordance with the Chinese guideline and consensus (Supplementary Data Sheet 2) (14).





Survival analysis




Cox regression

An interaction term with time was introduced for mean_Hb and mean_HCT to construct a time-dependent Cox model. After multiple imputation, pooled results of univariate Cox regression revealed that exposure 1 {baseline_Hb [HR (95% CI): 0.977 (0.972, 0.983) g/L, p=0.000]; mean_Hb [HR (95% CI): 0.958 (0.951, 0.965) g/L, p<0.000]} and exposure 2 {baseline_HCT [HR (95% CI): 0.918% (0.900%, 0.937%), p<0.000]; mean_HCT [HR (95% CI): 0.858% (0.837%, 0.880%), p<0.000]} were significantly associated with the composite outcome (Supplementary Data Sheet 3).

Taking exposure 1 and exposure 2 as independent variables, respectively, pooled results of multivariate Cox model showed that mean_Hb and mean_HCT were independent factors associated with the composite outcome [mean_Hb: HR (95% CI): 0.851 (0.786, 0.921) g/L, p=0.000; mean_HCT: HR (95% CI): 0.578% (0.441%, 0.758%), p=0.000] (Figure 2, Supplementary Data Sheet 3).

[image: Forest plot showing hazard ratios (HR) with 95% confidence intervals for mean hemoglobin (hb) and hematocrit (hct) groups. Significant HRs below 1.0 for all groups compared to the reference, which is “Lower and decreasing”. Each comparison has a p-value of 0.000, indicating statistical significance. Red dots represent HR, with horizontal lines indicating confidence intervals. Vertical line marks HR of 1.0.]
Figure 2 | Forest plots of exposure effect estimates.






GBTM models




Selection of trajectory clusters

The linear form of four groups was selected as the optimal model according to statistical criteria and model fit indices in Supplementary Data Sheet 4. The optimal model’s trajectories are visualized in Figure 3.

[image: Two line graphs display Hb (g/L) and Hct (%) trends over 25 months. Each graph compares actual measurements with predictions using dotted and solid lines, respectively. Four color-coded categories represent different trends: “lower and decreasing,” “lower and growing slightly,” “higher and growing slightly,” and “higher and growing steadily,” with corresponding percentages.]
Figure 3 | Hb and HCT level trajectories.

For trajectories in the optimal GBTM model of Hb, group 1 had a lower Hb concentration of less than 100 g/L, with a decreasing trend. Group 2 had a lower Hb concentration between 110 and 120 g/L, with a slight increase [πj(%): 33.77%; Pj(%): 34.38%]. The concentration of Hb was higher in group 3 (ranging from 125 to 135 g/L), exhibiting a slight growth. Group 4 displayed a higher concentration of Hb (ranging from 145 to 160 g/L) with a steady increase. For trajectories in the optimal GBTM model of HCT, group 1 had a lower level of HCT (approximately 30%), with a declining trend. Group 2 had a lower level of HCT (approximately 35%), with a slight increase. The level of HCT was higher in group 3 (approximately 40%), exhibiting a slight increase. Group 4 displayed a higher level of HCT (approximately 45%) with a steady increase. In addition, group 1 displayed considerable fluctuations, while groups 2 to 4 exhibited relatively smooth curves in both GBTM models of Hb and HCT (Figure 3).

Comparison of baseline characteristics indicated that exposure 1, exposure 2, age, sex, eGFR, ALB, urea, TCO2, AST, ALT, etiology, with hypertension, with diabetes mellitus, with anemia, use of calcium supplements, and use of diuretics were statistically significant between trajectories in both GBTM models of Hb and HCT (p<0.05) (Supplementary Data Sheet 4).





Cox regression

Both Hb and HCT trajectory groups showed a significant difference in survival probability (p<0.0001) (Figure 4). The median survival time for Hb trajectory group 1 was 24.5 months with 83 (64.34%) composite outcomes, and that for Hb trajectory group 2 was 60.8 months with 108 (43.03%) composite outcomes. HCT trajectory group 1 has a median survival time of 24.3 months with 113 (65.70%) composite outcomes, and HCT trajectory group 2 has a median survival time of 68.7 months with 100 (38.61%) composite outcomes.

[image: Two Kaplan-Meier survival plots with shaded confidence intervals, each displaying survival probability over time for different strata: “Lower and decreasing,” “Lower and growing slightly,” “Higher and growing slightly,” and “Higher and growing steadily.” The top plot has corresponding risk tables with counts and percentages. Both plots indicate a p-value of less than 0.0001, highlighting statistically significant differences in survival across strata over seventy-two months.]
Figure 4 | Kaplan-Meier survival analysis of Hb and HCT trajectories.

Taking group 1 as the control group, the univariate Cox regression showed that Hb and HCT trajectory groups 2 to 4 had potential protective effects against the composite outcome in patients with CKD stages 3–4 [Hb: group 2 HR (95% CI): 0.429 (0.321, 0.573), p = 0.000; group 3 HR (95% CI): 0.184 (0.130, 0.261), p<0.000; group 4 HR (95% CI): 0.075 (0.040, 0.142), p = 0. 000; HCT: group 2 HR (95% CI): 0.390 (0.297, 0.512), p = 0.000; group 3 HR (95% CI): 0.143 (0.098, 0.208), p<0.000; group 4 HR (95% CI): 0.059 (0.027, 0.126), p = 0.000] (Supplementary File 4). After adjusting for covariates, the pooled results of the multivariate Cox regression showed that Hb and HCT trajectory groups 2 to 4 were independently protective factors thwarting the occurrence of composite outcome in patients with CKD stages 3–4 with a significant p for trend [Hb: group 2 HR (95% CI): 0.545 (0.406, 0.731), p = 0.000; group 3 HR (95% CI):0.268 (0.187, 0.383), p<0.000; group 4 HR (95% CI): 0.143 (0.075, 0.276), p =0.000; HCT: group 2 HR (95% CI): 0.566 (0.428, 0.75), p = 0.000; group 3 HR (95% CI): 0.216 (0.147, 0.317), p<0.000; group 4 HR (95% CI): 0.113 (0.052, 0.248), p = 0.000] (Figure 2, Supplementary File 4).





Subgroup analyses

In order to investigate the potential interactions between subgroups of age, sex, CKD stage, with hypertension, and with diabetes mellitus and the composite outcome, subgroup analyses were conducted based on the final multivariate Cox model for each dataset.

The results showed that mean_Hb and mean_HCT were protective factors for subgroups of age <59.3 years, age ≥59.3 years, female, male, CKD stage 3, with hypertension, with diabetes mellitus, and without diabetes mellitus (p<0.05) and were not statistically significant in the subgroups of CKD stage 4 and without hypertension. There was an interaction effect between mean_Hb and subgroup of sex (p for interaction=0.034) (Supplementary Data Sheet 5).

Taking group 1 as the control group, groups 2 to 4 were protective factors for subgroups of age <59.3 years, age ≥59.3 years, female, male, CKD stage 3, with hypertension, with diabetes mellitus, and without diabetes mellitus (p<0.05). There was an interaction effect between Hb trajectory group 2 and CKD stage (p for interaction=0.015) (Supplementary Data Sheet 5).






Sensitivity analyses

We repeated the above analyses with complete baseline data, and the results showed that the mean_Hb [HR (95% CI): 0.862 (0.782, 0.950), p=0.003], mean_HCT [HR (95% CI): 0.580 (0.416, 0.808), p=0.002], and Hb and HCT trajectory groups 2 to 4 [using group 1 as reference, Hb: group 2 HR (95% CI): 0.573 (0.394, 0.831), p=0.003; group 3 HR (95% CI): 0.230 (0.144, 0.368), p=0.000; group 4 HR (95% CI): 0.166 (0.083, 0.334), p=0.000; HCT: group 2 HR (95% CI): 0.460 (0.321, 0.660), p=0.000; group 3 HR (95% CI): 0.173 (0.105, 0.285), p=0.000; group 4 HR (95% CI): 0.121 (0.055, 0.266), p=0.000] were also independent protective factors for the occurrence of composite outcomes in patients with CKD stages 3–4. Both the Hb and HCT trajectories had a significant increasing trend in HRs (p for trend=0.000) (Supplementary Data Sheet 6).






Discussion

We retrospectively collected demographic and clinical information over a 6-year follow-up period to investigate the association between Hb and HCT and the prognosis of patients with CKD stages 3–4 in Lingnan, China. The final cohort comprised 730 patients with CKD stages 3–4 in accordance with the inclusion and exclusion criteria. The baseline Hb level that met the recommended range of the Chinese renal anemia guideline was approximately 60%–63%, which was comparable to the Hb attainment rate of Japanese patients with CKD stages 3–4 and slightly higher than that of patients with CKD stages 3–4 in the United States (20, 21). Moreover, the proportion of individuals in the substandard group exhibited a decline from 40.0% to 14.8% over the course of the follow-up period, which may be related to implementation of effective anemia management strategies and a higher incidence of the composite outcome among the substandard group.

We constructed a time-dependent Cox model with baseline and first-year mean values of Hb and HCT as independent variables, and a GBTM model with longitudinal measurements of Hb and HCT, respectively, to explore the association of Hb and HCT with the short- and long-term risk of composite outcomes of patients with CKD stages 3–4. The results of the time-dependent Cox model showed that after adjusted for covariates, the mean_Hb [HR (95% CI): 0.851 (0.786, 0.921) g/L, p=0.000] and the mean_HCT [HR (95% CI): 0. 578 (0.441, 0.758) %, p=0.000] were the independent protective factors and baseline_Hb and baseline_HCT were not independent factors associated with the composite outcome. It reveals a closed relationship between mean_Hb and mean_HCT and CKD prognosis, and on the other hand, it suggests that levels of Hb and HCT may vary with the progression of the disease and the different treatments employed in patients with CKD stages 3–4. While baseline values remain clinically important for initial assessment and treatment initiation, our findings suggest that longitudinal monitoring of Hb and HCT levels provides superior prognostic information compared to single-point measurements. The findings indicate that patients with CKD require effective management and maintenance of their levels of Hb and HCT over time to improve their prognosis.

To gain further insight into the management of long-term anemia in patients with CKD, we constructed a GBTM using longitudinal data. This approach enabled us to divide the persistence values of Hb and HCT in these patients into four distinct groups based on their trajectory. We then compared the prognosis of these groups. Taking group 1 (“lower and decreasing”; Hb<100 g/L, HCT approximately 30%) as reference, group 2 (“lower and growing slightly”; Hb 110–120 g/L, HCT approximately 35%), group 3 (“higher and growing slightly”; Hb 125–135 g/L, HCT approximately 40%), and group 4 (“higher and growing steadily”; Hb 145–160 g/L, HCT approximately 45%) were independent protective factors for the occurrence of the composite outcome in patients with CKD stages 3–4 (p=0. 000). Group 1 (“lower and decreasing”; Hb<100 g/L, HCT approximately 30%) had more fluctuations than groups 2 to 4, which were relatively stable. As Hb and HCT moved from a lower to a higher level, the HRs decreased gradually, indicating a gradual decreased risk of composite outcomes in patients with CKD stages 3–4 (p for trend<0.000). We further compared baseline characteristics between groups 4 and 1. Compared with group 1, group 4 exhibited fewer comorbidities, a lower proportion of certain medications, and a more favorable physiologic and metabolic profile (Supplementary Data Sheet 4). These findings suggest that younger patients with fewer comorbidities may better tolerate higher Hb levels, and that preserved kidney function and better nutritional status may attenuate the risks associated with higher Hb.

The results of both the time-dependent Cox model and the GBTM model reveals that higher levels of Hb and HCT had a lower risk of short- and long-term disease progression in CKD. This finding is broadly consistent with previous studies in Asian populations (15). Previous studies have postulated that the observed improvement in hematopoiesis may be attributed to a reduction in metabolic pressure in the proximal tubules or adjacent interstitium of the kidney during the treatment process. This reduction in pressure is hypothesized to enhance the production of red blood cells, as evidenced by elevated levels of Hb and HCT. Therefore, higher levels of Hb and HCT can be considered a surrogate indicator of improved renal function (22). Subgroup analyses showed an interaction effect of mean_Hb with the subgroup of sex (p for interaction=0.034) and an interaction effect of group 2 of Hb trajectory with the subgroup of CKD stage (p for interaction=0.015). It suggests that the effect of Hb and HCT on the composite outcome may vary by sex and CKD stages, especially those with Hb levels ranging from 110 to 120 g/L.

We collected clinical data of patients with non-dialysis CKD based on a retrospective cohort study, attributing to a limited accuracy of determinations of cardiovascular outcomes. In view of this, we did not further investigate the association between Hb and HCT and cardiovascular outcomes in patients with CKD. However, it is worth noting that previous studies have shown that too high a level of Hb may be associated with an increased risk of cardiovascular events. For example, The Correction of Hemoglobin and Outcomes in Renal Insufficiency (CHOIR) trial included 1,432 patients with CKD stages 3–4 with anemia (defined as Hb <110 g/L) and randomly arranged them to groups with a higher or lower treatment target (135 g/L vs. 113 g/L) with a study duration of 3 years. It showed that the group with a higher treatment target had a higher HR (95% CI) of 1.34 (1.03,1.74) (p=0.03) after the occurrence of the first cardiovascular events compared to the group with a lower treatment target and no significant gain in quality of life (16). Some researchers had doubts about the conclusion because the group with the higher treatment target had a higher proportion of history of hypertension and history of undergoing coronary artery bypass grafting and a greater severity of congestive heart failure than the group with the lower treatment target at baseline (23). After adjusting for heart failure scores at baseline, the correlation between the two groups and the primary composite outcome was not significantly different [HR (95% CI) 1.24 (0.95, 1.62), p=0.11] (24). The Cardiovascular Risk Reduction by Early Anemia Treatment with Epoetin beta (CREATE) study obtained an opposite conclusion. It included 603 CKD stages 3b–4 patients with mild to moderate anemia (defined as Hb between 110 and 125 g/L) and also randomized them into groups with a higher or a lower treatment target (130–150 g/L vs. 105–115 g/L) with a study duration of 3 years. It showed that the group with a higher treatment target had a higher HR (95% CI) of 0. 78 (0.53, 1.14) (p=0.20) after the occurrence of the first cardiovascular events and had a higher quality of life than the group with the lower treatment target (17). The Kidney Disease Outcomes Quality Initiative (KDOQI) work group pooled the results of six related studies, and it showed that groups with higher Hb targets yielded a relative risk (RR) (95% CI) of 1.24 (1.02, 1.51) on adverse cardiovascular events in patients with non-dialysis CKD. However, the CHOIR trial and the CREATE study contributed 94% of the weight in this meta-analysis (25).

In light of the previous studies and the findings of our study, it is evident that there is a discernible advantage to maintaining a higher level of Hb and HCT over time in patients with CKD stages 3–4 to thwart the progress of CKD [including all-cause mortality, ESRD (RRT and eGFR <15 mL/min/1. 73m2), doubling of SCr from baseline, and ≥50% reduction in eGFR from baseline]. It should be noted that this benefit is contingent upon maintaining Hb and HCT at a relatively stable level over time, rather than merely reaching a specific point in time. In our study, we also did not find that having excessive levels of Hb and HCT were detrimental to the composite outcome. We think that it is important to note that the level of Hb and cardiovascular events remains controversial. Our retrospective study had limitations in exploring this issue. From a more cautious perspective, we recommend that Hb levels be maintained within the range of 110 to 130 g/L in patients with non-dialysis CKD.





Limitations

First, although our study collected as much information as possible and used Cox regression and GBTM methods to adjust for confounding factors, it is important to note that the retrospective study design itself still has limitations in terms of study design and data collection. There are still potential confounding factors that cannot be fully adjusted. It should be noted that, because this is a retrospective study and we lacked data on cumulative ESA or iron doses and dosing frequency, residual confounding related to treatment intensity and medication response may persist. Additionally, as in many retrospective studies, selection bias is possible—particularly if less healthy patients are more likely to be lost to follow-up. Consistent with this concern, our baseline comparisons indicated potential selection bias: the included cohort was younger; had lower eGFR, Hb, and HCT; had higher urea and slightly higher ALT; had more frequent use of sodium bicarbonate and potassium-lowering agents but less calcium supplementation; and had a longer follow-up with fewer composite outcomes than the excluded cohort (Supplementary Data Sheet 1). Second, Hb and HCT are subject to short−term biological and pre−analytical variability (e.g., diurnal rhythms, hydration, and volume status), which may introduce minor bias. To mitigate this, baseline laboratories were obtained primarily under standardized procedures at GPHCM, and we adjusted for covariates related to volume and nutrition (e.g., eGFR, serum albumin, use of diuretics and ACEI/ARB, and presence of hypertension). Residual short-term variability may remain, but these steps reduce its impact. In addition, despite aggregating measurements into 3-month windows for GBTM, some trajectory misclassification related to irregular measurement timing may persist. Third, although the association between Hb level and risk of cardiovascular events remains unclear, there is a theoretical possibility of competing risks of cardiovascular outcomes in our study, and analysis of this potential risk was not possible given the limitations of the data. Fourth, the size of our study sample is relatively limited, and further increases in sample size, improvements in study methodology, or additional investigations of associated factors are required to enhance our understanding of the pathogenesis of the disease and predict future outcomes for patients. Fifth, it should be noted that our study only includes data from southern China, and its generalizability needs to be considered.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by Ethics Committee at Guangdong Provincial Hospital of Chinese Medicine. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin because It is a retrospective cohort study. We searched the Hospital Information System (HIS) at Guangdong Provincial Hospital of Chinese Medicine (GPHCM) with the following keywords: “kidney disease” or “renal failure” or “renal disease” or “nephritis” or “proteinuria” or “hematuria” to screen patients.





Author contributions

L-ZF: Writing – original draft, Investigation. H-FC: Investigation, Writing – original draft. Y-HS: Investigation, Writing – review & editing. X-LZ: Formal analysis, Writing – review & editing. FT: Project administration, Investigation, Writing – review & editing. X-XH: Writing – review & editing, Investigation. Z-JL: Writing – review & editing, Investigation. W-wO: Writing – review & editing, Supervision, Methodology. X-SL: Conceptualization, Funding acquisition, Writing – review & editing. Y-FW: Conceptualization, Writing – review & editing, Funding acquisition.





Funding

The author(s) declare financial support was received for the research and/or publication of this article. This study was supported by the National Key Research and Development Program of China (Project No. 2019YFE0196300), the National Natural Science Foundation of China (No. 82174308), the Incubation Program for the Science and Technology Development of Chinese Medicine Guangdong Laboratory (HQL2024PZ032), the Guangzhou Technology Program of Agriculture and Social Development of Key Research and Development Scheme (Project No. 202206010102), and the Specific Item of Guangdong Provincial Hospital of Chinese Medicine (Project Nos. YN2023QN04, YN2023MS03, and YN2024MB025).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2025.1642307/full#supplementary-material




References

	 Saran R, Robinson B, Abbott KC, Agodoa LYC, Bragg-Gresham J, Balkrishnan R, et al. US renal data system 2018 annual data report: epidemiology of kidney disease in the United States. Am J Kidney Dis. (2019) 73:A7–8. doi: 10.1053/j.ajkd.2019.01.001, PMID: 30798791


	 Zhang L, Wang J, Yang CW, Tang SC, Kashihara N, Kim YS, et al. International Society of Nephrology Global Kidney Health Atlas: structures, organization and services for the management of kidney failure in North and East Asia. Kidney Int Suppl (2011). (2021) 11:e77–85. doi: 10.1016/j.kisu.2021.01.011, PMID: 33981473


	 Wang L, Xu X, Zhang M, Hu C, Zhang X, Li C, et al. Prevalence of chronic kidney disease in China: results from the sixth China chronic disease and risk factor surveillance. JAMA Intern Med. (2023) 183:298–310. doi: 10.1001/jamainternmed.2022.6817, PMID: 36804760


	 Yang F, Liao M, Wang P, Liu Y. Cost-effectiveness analysis of renal replacement therapy strategies in Guangzhou city, southern China. BMJ Open. (2021) 11:e039653. doi: 10.1136/bmjopen-2020-039653, PMID: 33550227


	 Vanholder R, Lameire N, Annemans L, Van Biesen W. Cost of renal replacement: how to help as many as possible while keeping expenses reasonable? Nephrol Dial Transplant. (2016) 31:1251–61. doi: 10.1093/ndt/gfv233, PMID: 26109485


	 Locatelli F, Ravera M, Esposito C, Grandaliano G, Gesualdo L, Minutolo R. A novel scenario in the therapeutic management of anemia of chronic kidney disease: placement and use of roxadustat. J Nephrol. (2024) 8:1107–1119. doi: 10.1007/s40620-023-01849-9, PMID: 38189866


	 Gregg LP, Bossola M, Ostrosky-Frid M, Hedayati SS. Fatigue in CKD: epidemiology, pathophysiology, and treatment. Clin J Am Soc Nephrol. (2021) 16:1445–55. doi: 10.2215/CJN.19891220, PMID: 33858827


	 Strippoli GF, Navaneethan SD, Craig JC. Haemoglobin and haematocrit targets for the anaemia of chronic kidney disease. Cochrane Database Syst Rev. (2006) 4):CD003967. doi: 10.1002/14651858.CD003967.pub2, PMID: 17054191


	 Minutolo R, Provenzano M, Chiodini P, Borrelli S, Garofalo C, Andreucci M, et al. New-onset anemia and associated risk of ESKD and death in non-dialysis CKD patients: a multicohort observational study. Clin Kidney J. (2022) 15:1120–8. doi: 10.1093/ckj/sfac004, PMID: 35664282


	 Provenzano R, Szczech L, Leong R, Saikali KG, Zhong M, Lee TT, et al. Efficacy and cardiovascular safety of roxadustat for treatment of anemia in patients with non-dialysis-dependent CKD: pooled results of three randomized clinical trials. Clin J Am Soc Nephrol. (2021) 16:1190–200. doi: 10.2215/CJN.16191020, PMID: 34362786


	 Batchelor EK, Kapitsinou P, Pergola PE, Kovesdy CP, Jalal DI. Iron deficiency in chronic kidney disease: updates on pathophysiology, diagnosis, and treatment. J Am Soc Nephrol. (2020) 31:456–68. doi: 10.1681/ASN.2019020213, PMID: 32041774


	 Drüeke TB, Parfrey PS. Summary of the KDIGO guideline on anemia and comment: reading between the (guide)line(s). Kidney Int. (2012) 82:952–60. doi: 10.1038/ki.2012.270, PMID: 22854645


	 Mikhail A, Brown C, Williams JA, Mathrani V, Shrivastava R, Evans J, et al. Renal association clinical practice guideline on Anaemia of Chronic Kidney Disease. BMC Nephrol. (2017) 18:345. doi: 10.1186/s12882-017-0688-1, PMID: 29191165


	 The Expert Group on the Diagnosis and Treatment of Renal Anaemia of the Nephrology Subgroup of the Chinese Medical Association. Expert consensus on the diagnosis and treatment of renal anaemia (2018 revised edition). Chin J Nephrol. (2018) 34:7. doi: 10.3760/cma.j.issn.1001-7097.2018.11.012


	 Saito H, Tanaka K, Iwasaki T, Oda A, Watanabe S, Kobari E, et al. Hematological parameters of anemia and prognosis of non-dialysis-dependent chronic kidney disease: the Fukushima CKD cohort study. Clin Exp Nephrol. (2023) 27:55–65. doi: 10.1007/s10157-022-02282-1, PMID: 36190589


	 Singh AK, Szczech L, Tang KL, Barnhart H, Sapp S, Wolfson M, et al. Correction of anemia with epoetin alfa in chronic kidney disease. N Engl J Med. (2006) 355:2085–98. doi: 10.1056/NEJMoa065485, PMID: 17108343


	 Drüeke TB, Locatelli F, Clyne N, Eckardt KU, Macdougall IC, Tsakiris D, et al. Normalization of hemoglobin level in patients with chronic kidney disease and anemia. N Engl J Med. (2006) 355:2071–84. doi: 10.1056/NEJMoa062276, PMID: 17108342


	 Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2024 clinical practice guideline for the evaluation and management of chronic kidney disease. Kidney Int. (2024) 105:S117–314. doi: 10.1016/j.kint.2023.10.018, PMID: 38490803


	 Toutenburg H, Rubin DB. Multiple imputation for nonresponse in surveys. Stat Papers. (1990) 31:180. doi: 10.1007/BF02924688


	 Sofue T, Nakagawa N, Kanda E, Nagasu H, Matsushita K, Nangaku M, et al. Prevalence of anemia in patients with chronic kidney disease in Japan: A nationwide, cross-sectional cohort study using data from the Japan Chronic Kidney Disease Database (J-CKD-DB). PloS One. (2020) 15:e0236132. doi: 10.1371/journal.pone.0236132, PMID: 32687544


	 Wittbrodt ET, James G, Kumar S, van Haalen H, Chen H, Sloand JA, et al. Contemporary outcomes of anemia in US patients with chronic kidney disease. Clin Kidney J. (2021) 15:244–52. doi: 10.1093/ckj/sfab195, PMID: 35145639


	 Sano M, Goto S. Possible mechanism of hematocrit elevation by sodium glucose cotransporter 2 inhibitors and associated beneficial renal and cardiovascular effects. Circulation. (2019) 139:1985–7. doi: 10.1161/CIRCULATIONAHA.118.038881, PMID: 31009585


	 Singh AK, Fishbane S. The optimal hemoglobin in dialysis patients- a critical review. Semin Dial. (2008) 21:1–6. doi: 10.1111/j.1525-139X.2007.00329.x, PMID: 18251947


	 Szczech LA, Barnhart HX, Inrig JK, Reddan DN, Sapp S, Califf RM, et al. Secondary analysis of the CHOIR trial epoetin-alpha dose and achieved haemoglobin outcomes. Kidney Int. (2008) 74:791–8. doi: 10.1038/ki.2008.295, PMID: 18596733


	KDOQI clinical practice guideline and clinical practice recommendations for anaemia in chronic kidney disease, 2007 update of haemoglobin target. Am J Kidney Dis. (2007) 50:471–530. doi: 10.1053/j.ajkd.2007.06.008, PMID: 17720528







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Fu, Chen, Shen, Zhang, Tang, Hu, Liu, Ouyang, Liu and Wu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-16-1642307-g003.jpg
Hb(g/L)

Het(%)

160
150 -
140 o
130 o
120
110 -
100 o
90 -
80

704

T T T T T T T
1 5 9 13 17 21 25

Visit(months)

Lower and decreasing (18.15%) s Lower and growing slightly (33.77%)
——— Higher and growing slightly (32.29%) Higher and growing steadily (15.79%)

Actual
—red

40+
304
204

T T T T T T T

4 5 9 13 w 21 25

Visit(months)
e Lower and decreasing (23.43%) s Lower and growing slighty (34.56%)

—— Higher and growing slightly (28.89%) Higher and growing steadily (13.13%)






OEBPS/Images/fendo-16-1642307-g001.jpg
Adults with CKD stage 3-4
at least one measurement of Hb and

HCT (N=4,332)

Excluded 3,272
® Missing mean_Hb and mean HCT: 2,785

® Had incomplete follow-up data:487

Eligible patients (N=1,060)

Final analysis ( )

Excluded 330

® With suspected follow-up duration less

than 3 months:330






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo.2025.1642307_cover.jpg
& frontiers | Frontiers in Endocrinology

Time-updated patterns of hemoglobin and
hematocrit and the risk of CKD progression





OEBPS/Images/fendo-16-1642307-g004.jpg
Strata =+~ Lower and deceasing™ Lower and orowing slighiy~F= Higher and growing sighty: Higher and growing steadiy

100

075

H

Survival probability

025

H

3 £ E] B3 & % 72

Numur atrisk: n (%)

s=[ 20T @ e @ )
g =25 201 } Troaty b4 49 11 (4)
5=l oo 28 178079 e 109 (46) i B0
= linsts 95,455 LI ) 55(91 32 (28 11 (10]
. ®
Time
100
075
g
Lo
H
e
@

025

000

3 ] % E3 & % 7

Number at risk: n (%)

= 172 (100} 120 (70) 59 (40) e 76 (15) 11 6)

=B 214 (83) 162 82 (32) s1 2
=206 (1 196 (95) 160 (78) Py 101 (49) 70(34 )
=2 89 (%6) 78 (84) 53[ 47 (51) 29 (31 snm

] £ E] ] 3





OEBPS/Images/fendo-16-1642307-g002.jpg
mean_hb

mean_het

hb_group

Lower and decreasing
Lower and growing slightly
Higher and growing slightly
Higher and growing steadily
het_group

Lower and decreasing
Lower and growing slightly
Higher and growing slightly

Higher and growing steadily

HR[95%CI]

0.851(0.786,0.921]

0.578[0.441,0.758]

Ref

0.545[0.406,0.731]
0.268[0.187,0.383]
0.143(0.075,0.276]

Ref
0.566[0.428,0.750]
0.216[0.147,0.317]
0.113[0.052,0.248]

0.000

0.000

0.000
0.000

0.000

0.000
0.000

0.000






OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





