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Objective: To develop a nomogram prediction model for dietary behavior adherence in hemodialysis (HD) patients, providing
a simple and accurate tool for individualized risk prediction and supporting effective intervention strategies.

Methods: A total of 236 HD patients admitted from January 2022 to January 2024 were retrospectively included as the modeling
group, and another 121 HD patients admitted from January 2024 to May 2025 served as the validation group. Patients in both groups
were classified into compliance and non-compliance groups according to their dietary adherence. Lasso regression and multivariate
logistic analysis were used to identify independent predictors and construct the nomogram. Internal and external validation were
performed using ROC curves, the Hosmer—Lemeshow (H-L) test, calibration curves, and decision curve analysis (DCA).

Results: Among the 236 patients in the modeling group, 73 (30.93%) showed dietary non-compliance. Age, years on dialysis,
educational level, dietary knowledge, social support, family support, and self-care ability significantly differed between the two groups
(P<0.05). Seven variables selected by Lasso regression were entered into logistic analysis. Age, years on dialysis, and poor self-care
ability were risk factors for non-adherence, whereas higher educational level, better dietary knowledge, stronger social support, and
family support were protective factors (P<0.05). The internal validation yielded an AUC of 0.884 and an H-L y° of 7.346 (P=0.713),
while the external validation showed an AUC of 0.902 and an H-L y* of 7.342 (P=0.726). DCA indicated high clinical utility within
threshold probabilities of 0.10—0.83 (internal) and 0.15-0.84 (external).

Conclusion: Age, years on dialysis, educational level, dietary knowledge, social support, family support, and self-care ability are key
factors influencing dietary adherence in HD patients. The nomogram based on these variables demonstrated good discrimination and
clinical benefit, aiding early identification of high-risk patients and supporting individualized dietary management.
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Introduction

Hemodialysis (HD) is one of the life-sustaining treatments for patients with end-stage chronic kidney disease. It can
reduce the accumulation of waste and toxins in the body, thereby improving the acid-base imbalances and electrolyte
disturbances caused by renal failure. In recent years, the incidence of chronic kidney disease has been increasing
annually, and many patients rely on HD to sustain their lives." However, HD treatment is not a definitive cure; during
the treatment period, patients must strictly follow dietary management to reduce the risk of complications and improve
their quality of life.” Studies have found that the non-adherence rate during treatment in HD patients can be as high as
82.4%, and that improper diet in HD patients can often induce multiple clinical problems.® Excessive intake of minerals
such as sodium and potassium can cause electrolyte disturbances, insufficient protein intake can lead to malnutrition, and
neglecting the intake of dietary fiber can cause gastrointestinal disorders, thereby affecting the treatment outcome.”
Therefore, identifying the factors that influence patients’ dietary adherence and intervening early can improve their
quality of life. The nomogram model is a tool commonly used in clinical practice to assess prognosis. It is easy to operate
and can predict the risk of adverse events, thus assisting clinicians in developing corresponding strategies to reduce the
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risk of poor outcomes.>® Studies have shown that constructing a nomogram prediction model for medication adherence
in HD patients identified eight predictive variables, and the AUC, DCA, and calibration curves demonstrated that the
model had good discrimination and accuracy.” Currently, there are few reports on the use of nomograms to study dietary
non-adherence in HD patients. Therefore, this study aims to analyze the influencing factors of dietary behavior adherence

in HD patients and to construct a predictive nomogram model.

Materials and Methods

General Data

A retrospective collection was made of 236 HD patients treated at our hospital from January 2022 to January 2024 (as the
modeling group). Additionally, 121 HD patients treated at our hospital from January 2024 to May 2025 were collected
(as the validation group). Patients in the modeling and validation groups were divided into a dietary non-adherence group
and a dietary adherence group based on their dietary adherence. The case collection flowchart is shown in Figure 1.
Inclusion criteria: (1) dialysis for more than 12 months; (2) age >18 years; (3) capable of communication and
comprehension; (4) complete clinical data. Exclusion criteria: (1) patients unable to undergo regular dialysis; (2) patients
with recent acute complications such as heart failure or cerebral hemorrhage; (3) patients with malignant tumors; (4)
women during lactation or pregnancy; (5) patients with multiple organ dysfunction. This study was approved by the

ethics committee of our hospital.

Methods

Determination of Dietary Adherence

Patient dietary adherence was assessed using the Dietary Adherence in Kidney Disease Scale, which includes 5
dimensions (salt intake, self-care, potassium intake, fluid restriction, adherence when facing difﬁculties)7 and 25 items,

A total of 233 HD patients admitted to our A total of 121 HD patients admitted to our

hospital were retrospectively collected hospital were collected

As a modeling group J As a validation group
Diet does not adhere Dietary adherence group Diet does not adhere Dietary  adherence
to the group (n=73) (n=163) to the group (n=41) group (n=80)

Lasso-Logistic regression screening and analysis of the effects of dietary behavior

adherence in HD patients. R software to construct a nomogram model; Bootstrap for

internal verification; ROC and calibration curves evaluate the discrimination and

/

consistency of the nomograms; DCA evaluates clinical application value.

Figure | Case flow collection diagram.
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scored using the Likert 5-point method. A score of <25 points was defined as dietary non-adherence, based on which
patients were divided into the non-adherence group and the adherence group.

Clinical Data Collection

Electronic medical records of patients in our hospital were collected (The binary classification was based on the median
value to facilitate statistical analysis), including age, gender, BMI, monthly household income per capita, duration of
dialysis, living alone, education level, place of residence, marital status, primary kidney disease, vascular access type,
dietary knowledge (assessed by a self-developed questionnaire, revised by experts, including 13 items on basic knowl-
edge, diet, and medication, with a maximum score of 13; a higher score indicates better knowledge), payment method,
social support (including 3 dimensions, 10 items, with a total score of 44; a higher score indicates greater support),®
family support (By asking the patients or their family members), negative emotions (Using a depression scale consisting
of 20 items, with 53 as the cutoff value; scores >53 indicate the presence of negative emotions),” self-care ability
(assessed using the Barthel Index, with a total score of 100; <40 points indicates severe dependence, >40 points indicates
mild dependence),'® employment status, dialysis-related complications, and hemodialysis frequency. This study excluded
all cases with missing data.

Statistical Processing

Data were processed using SPSS 25.0. Measurement data were analyzed using the ¢-test and are expressed as (mean =+
SD), while categorical data were analyzed using the y’-test and are presented as n (%). Lasso-Logistic regression was
used to screen for and analyze the influencing factors of dietary adherence in HD patients. R software was used to
construct the nomogram model. The Bootstrap method was used for internal validation (1000 resamples). ROC and
calibration curves were used to evaluate the discrimination and consistency of the nomogram. DCA was used to assess
the clinical application value. A P-value < 0.05 was considered statistically significant.

Results

Comparison of Clinical Data Between the Dietary Non-Adherence and Adherence
Groups in the Modeling Group

Among the 236 patients in the modeling group, 73 (30.93%) had dietary non-adherence. There were significant
differences in age, duration of dialysis, education level, dietary knowledge, social support, family support, and self-

care ability between the non-adherence and adherence groups (P < 0.05). There were no significant differences in other
clinical data (P > 0.05). See Table 1.

Table I Comparison of Clinical Data Between the Compliance Group and the Non-Compliance
Group in the Modeling Group

Factor Non-Adherence Adherence Ve P
Group (n=73) Group (n=163)
Age 12.673 | <0.001
265 years old 46 (63.01) 62 (38.04)
<65 years old 27 (36.99) 101 (61.96)
Gender 0.125 0.724
Male 43 (58.90) 92 (56.44)
Female 30 (41.10) 71 (43.56)
BMI 0.049 0.825
224 kg/m? 28 (61.64) 65 (39.88)
<24 kg/m? 45 (38.36) 98 (60.12)
(Continued)
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Table | (Continued).

Factor

Non-Adherence
Group (n=73)

Adherence
Group (n=163)

Monthly income per capita
23000 yuan
<3000 yuan
Number of years on dialysis
22 years
<2 years
Living alone
Yes
No
Education
Junior high school and high school
College degree or above
Place of residence
City
Countryside
Marriage
Unmarried
Married
Onset of kidney pathogens
Chronic glomerulonephritis
Diabetic nephropathy
Hypertensive nephropathy
Chronic nephritis
Puncture method
Autoostomy
Artificial blood vessels
Indwelling of an intravenous catheter
Dietary knowledge
210 points
<10 points
Payment method
At your own expense
Health care
Social support
235 points
<35 points
Family support
Yes
No
Negative emotions
Yes
No
Self-care ability
Mild dependence
Heavy dependence
Work situation
Stable
Instability

36 (49.32)
37 (50.68)

45 (61.64)
28 (38.36)

34 (46.58)
39 (53.42)

46 (63.01)
27 (36.99)

36 (49.32)
37 (50.68)

8 (10.98)
65 (89.04)

32 (43.84)
18 (24.66)
15 (20.55)
11 (15.07)

51 (69.86)
14 (19.18)
8 (10.96)

29 (39.73)
44 (60.27)

14 (19.18)
59 (80.82)

32 (43.84)
41 (56.16)

30 (41.10)
43 (58.90)

40 (54.79)
33 (45.21)

31 (42.47)
42 (57.53)

31 (42.47)
42 (57.53)

86 (52.76)
77 (47.24)

60 (36.81)
103 (63.19)

68 (41.72)
95 (58.28)

59 (36.20)
104 (63.80)

86 (52.76)
77 (47.24)

13 (7.98)
150 (92.02)

70 (42.94)
46 (28.22)
32 (19.63)

15 (9.20)

112 (68.71)
38 (23.31)
13 (7.98)

105 (64.42)
58 (35.58)

30 (18.40)
133 (81.60)

I11 (68.10)
52 (31.90)

108 (66.26)
55 (33.74)

61 (37.42)
102 (62.58)

110 (67.48)
53 (32.52)

76 (44.79)
90 (55.21)

e P
0.240 0.624
12.591 | <0.001
0.465 0.486
14.682 | <0.001
0.240 0.624
0.554 0.457
1.731 0.630
0.905 0.636
12.526 | <0.001
0.020 0.888
12.430 | <0.001
13.146 | <0.001
6.215 0.013
13.122 | <0.001
0.110 0.740

(Continued)
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Table | (Continued).

Factor Non-Adherence Adherence Xz P
Group (n=73) Group (n=163)

Dialysis complications 0.052 0.820
Yes 28 (38.36) 60 (36.81)
No 45 (61.64) 103 (63.19)

Hemodialysis frequency 0.235 0.628
1~2 times/week 41 (56.16) 86 (52.76)
3~4 times/week 32 (43.84) 77 (47.24)

Lasso-Logistic Regression Analysis of Influencing Factors for Dietary Adherence in HD

Patients

In the modeling group, with dietary adherence of HD patients as the dependent variable (Yes=1, No=0), and the factors
with significant differences from Table 1—age (=65 years=1, <65 years=0), duration of dialysis (=2 years=1, <2
years=0), education level (junior high and high school=1, college and above=0), dietary knowledge (>10 points=0,
<10 points=1), social support (=35 points=0, <35 points=1), family support (Yes=0, No=1), negative emotions (Yes=1,
No=0), and self-care ability (severe dependence=1, mild dependence=0)—as independent variables, Lasso analysis was
performed using R software. The results showed that when the penalty coefficient A=0.0265474, the model performance
was optimal, and seven predictive factors were selected: age, duration of dialysis, education level, dietary knowledge,
social support, family support, and self-care ability. See Figure 2. Variance inflation factors (VIFs) among all factors were
analyzed through multicollinearity testing, and all VIFs were <10, indicating no significant interaction effects. The seven
independent variables selected by Lasso regression were included in a Logistic analysis (forward stepwise method),
which showed that age, duration of dialysis, and self-care ability were risk factors for dietary non-adherence in HD
patients (P < 0.05), while education level, dietary knowledge, social support, and family support were protective factors
(P < 0.05). See Table 2.
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Figure 2 Analysis of factors influencing dietary behavior adherence in hemodialysis patients using Lasso-logistic regression (A) Relationship diagram of Lasso regression
coefficient; (B) Lasso regression 10-fold cross-validation results.

Patient Preference and Adherence 2025:19 hetps: 3893



Liu and Wen

Table 2 Analysis of Influencing Factors of Dietary Behavior Compliance in HD Patients

Variable B Value | SE Value | Wald y* Value | P Value | OR Value 95% CI
Age 2.154 0.487 19.541 <0.001 8619 3.317~32.440
Number of years on dialysis 1.628 0.402 16.375 <0.001 5.095 2.316~11.212
Education —2.658 0.713 13.876 <0.001 0.070 0.017~0.284
Dietary knowledge —0.845 0.395 4.579 0.032 0.429 0.198~0.931
Social support —1.148 0.385 8.895 0.003 0317 0.149~0.675
Family support -1.314 0.396 11.035 0.001 0.269 0.124~0.583
Self-care ability 1.758 0414 18.059 <0.001 5.803 2.579~13.057
Constant —5.521 1.024 29.074 <0.001 0.004 -

Construction of a Nomogram Model for Dietary Adherence in HD Patients

A nomogram model was constructed based on the factors selected by the Lasso-Logistic regression analysis, with the
formula: P =e*/(1+¢*), where x = —5.521 + 2.154xAge + 1.628xDuration of Dialysis - 2.658xEducation Level -
0.845xDietary Knowledge - 1.148xSocial Support - 1.314xFamily Support + 1.758xSelf-care Ability. In this model,
the most important influencing factor was age. For example, a patient aged <60 years (0 points), with a dialysis duration
>2 years (53.5 points), education level of junior high and high school (86.5 points), dietary knowledge <10 points (29.0
points), social support <35 points (37.5 points), no family support (43.5 points), and mild dependence in self-care (0
points), has a total score of 250 points. A vertical line is drawn down from this total score, yielding a predicted
probability of 82%. See Figure 3.

Internal Validation of the Nomogram Model for Dietary Adherence in HD Patients
The AUC of the ROC curve for internal validation was 0.884 (95% CI = 0.838-0.930). The Hosmer-Lemeshow (H-L)
test showed good consistency, with ¥°=7.346 (P=0.713). See Figure 4.
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Figure 3 A nomogram model of dietary behavior compliance in HD patients was constructed.
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Figure 4 Internal validation of the nomogram predicting dietary behavior adherence in hemodialysis (HD) patients (A) ROC curves; (B) Calibration curves.

Internal Validation of the Nomogram Model's DCA Curve
The DCA curve results showed that when the threshold probability was between 0.10 and 0.83, the nomogram had high
clinical application value for assessing dietary adherence in HD patients. See Figure 5.

Comparison of Clinical Data Between the Dietary Non-Adherence and Adherence
Groups in the Validation Group

Among the 121 patients in the validation group, 41 (33.88%) had dietary non-adherence. There were significant differences
in age, duration of dialysis, education level, dietary knowledge, social support, family support, and self-care ability between
the non-adherence and adherence groups (P < 0.05), with no significant differences in other data (P > 0.05). See Table 3.
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Figure 5 DCA curve of the nomogram model in internal validation.
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Table 3 The Clinical Data of the Validation Group Were Compared Between the Non-
Compliance Group and the Compliance Group

Factor Non-Adherence Adherence tly? P
Group (n=41) Group (n=80)

Age 13.518 | <0.001
265 years old 26 (63.41) 23 (28.75)
<65 years old 15 (36.59) 57 (71.25)

Gender 0.012 0913
Male 24 (58.54) 46 (57.50)
Female 17 (41.46) 34 (42.50)

BMI 0.050 | 0.823
224 kg/m? 12 (29.27) 25 (31.25)
<24 kg/m? 29 (70.73) 55 (68.75)

Monthly income per capita 0.268 0.605
23000 yuan 20 (48.78) 43 (53.75)
<3000 yuan 21 (51.22) 37 (46.25)

Number of years on dialysis 12.483 | <0.001
22 years 26 (63.41) 24 (30.00)
<2 years 15 (36.59) 56 (70.00)

Living alone 0.156 0.693
Yes 20 (48.78) 36 (45.00)
No 21 (51.22) 44 (55.00)

Education 13.245 | <0.001
Junior high school and high school 27 (65.85) 25 (31.25)
College degree or above 14 (34.15) 55 (68.75)

Place of residence 0.018 0.894
City 21 (51.22) 42 (52.50)
Countryside 20 (48.78) 38 (47.50)

Marriage 0.177 0.674
Unmarried 5 (12.20) 12 (15.00)
Married 36 (87.80) 68 (85.00)

Onset of kidney pathogens 0.107 0.991
Chronic glomerulonephritis 18 (43.90) 36 (45.00)
Diabetic nephropathy 10 (24.39) 18 (22.50)
Hypertensive nephropathy 8 (19.51) 15 (18.75)
Chronic nephritis 5 (12.20) I (13.75)

Puncture method 0.133 0.936
Autoostomy 26 (63.41) 53 (66.25)
Artificial blood vessels 9 (21.95) 17 (21.25)
Indwelling of an intravenous catheter 6 (14.63) 10 (12.50)

Dietary knowledge 10.794 | 0.001
210 points 16 (39.02) 56 (70.00)
<10 points 25 (60.98) 24 (30.00)

Payment method 0.201 0.654
At your own expense 8 (19.51) 13 (16.25)
Health care 33 (80.49) 67 (83.75)

Social support 8.604 0.003
235 points 18 (43.90) 57 (71.25)
<35 points 23 (56.10) 23 (28.75)

Family support 14.291 | <0.001
Yes 14 (34.15) 56 (70.00)
No 27 (65.85) 24 (30.00)

(Continued)
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Table 3 (Continued).

Factor Non-Adherence Adherence tly P
Group (n=41) Group (n=80)

Negative emotions 0.574 0.449
Yes 15 (36.59) 35 (43.75)
No 26 (63.41) 45 (56.25)

Self-care ability 9.014 0.003
Mild dependence 16 (39.02) 54 (67.50)
Heavy dependence 25 (60.98) 26 (32.50)

Work situation 0.012 0913
Stable 17 (41.46) 34 (42.50)
Instability 24 (58.54) 46 (57.50)

Dialysis Complications 0.216 | 0.642
Yes 14 (34.15) 24 (30.00)
No 27 (65.85) 56 (70.00)

Hemodialysis frequency 0.058 | 0.810
1~2 times/week 24 (58.54) 45 (56.25)
3~4 times/week 17 (41.46) 35 (43.75)

External Validation of the Nomogram Model for Dietary Adherence in HD Patients
The AUC of the ROC curve for external validation was 0.902 (95% CI = 0.839-0.965). The H-L test showed good

consistency, with y°=7.342 (P=0.726). See Figure 6.

External Validation of the Nomogram Model’s DCA Curve
The DCA curve results showed that when the threshold probability was between 0.15 and 0.84, the nomogram had high
clinical application value for assessing dietary adherence in HD patients. See Figure 7.

A1.0

0.8 ‘

o)

sensitivity

04

0.2

1.0

B

0.8

0.6

Actual Probability

0.4

Apparent
—— Bias—corrected
- Ideal

0.4 0.6

1- Specificity

0.8

0.0

0.0

T
0.6

Predicted Pr{Compliance=1}

Figure 6 External validation of the nomogram model for dietary behavior adherence in hemodialysis (HD) patients (A) ROC curves; (B) Calibration curves.
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Figure 7 DCA curve of the nomogram model in external validation.

Discussion

HD is a replacement therapy for patients with end-stage kidney disease. Dialysis can substitute for some of the kidney’s
filtration function, clearing waste products generated from the metabolism of dietary intake. Due to its limited regulatory
function, patients often experience severe problems such as electrolyte disturbances and malnutrition. These dialysis-
related complications are closely related to the patient’s dietary intake, so paying attention to the dietary management of
dialysis patients is very important.'""'> HD patients need to follow a specific diet to control electrolyte levels in their
blood, but worldwide, dietary adherence among HD patients is not ideal. This has been confirmed in various countries,
with approximately 50% of patients being non-adherent. Non-adherent patients often suffer from conditions like
hyperphosphatemia and hyperkalemia, which seriously threaten their health.'**'* This study found that dietary adherence
in both groups was not optimistic; therefore, improving patient dietary adherence is crucial for improving patient
prognosis.

The results of this study found that 7 influencing factors were screened out through Lasso-Logistic analysis. The
reasons are analyzed as follows: (1) With increasing age, patients may have more health problems, such as memory
decline and hearing loss, which can affect their understanding of dietary guidance.' Therefore, it is important to inform
family members about the importance of companionship to supervise the patient’s diet and improve adherence. (2) Long-
term dialysis can cause patients to become weary of dietary management. Furthermore, an increased duration of dialysis
can lead to a decline in the patient’s physical condition and self-care ability, making it difficult to adhere to dietary
restrictions amidst ongoing health challenges, thus affecting their dietary adherence.'® Therefore, nursing staff should
strengthen health education for long-term dialysis patients and guide family members to show more care, encouragement,
and support to alleviate the patient’s psychological stress and improve adherence. (3) Education level and lack of dietary
knowledge also have a significant impact on patient adherence. Patients with higher education levels have a better
understanding of their disease and can recognize the importance of dietary control in managing their condition. However,
patients with lower education levels lack relevant knowledge and are susceptible to misinformation, leading to cognitive
biases. This can also cause them to misunderstand or not follow dietary advice, as they may not be familiar with high-
potassium and high-phosphorus foods or know how to meet their nutritional balance needs, affecting dietary
adherence.'”” Therefore, it is recommended that nursing staff popularize relevant knowledge for patients with lower
education levels, improve their disease awareness, and assist in creating corresponding dietary plans to enhance dietary
adherence. (4) Patients with good social support have access to better social resources, can learn about their disease, and
receive external support. However, those with low social support have fewer social resources and find it difficult to get
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external help, which can affect their motivation and lead them to cope with treatment through avoidance, impacting
treatment adherence.”® Therefore, medical staff can broaden patients’ social channels through organized communication
sessions to compensate for the lack of social support. (5) Family support can help supervise and encourage patients to
follow their dietary plan. A lack of family support can negatively affect patients’ dietary management, reducing dietary
adherence.”’ Therefore, family members can be encouraged to provide psychological and spiritual support, making
patients feel warmth and improving dietary adherence. (6) Patients with poor self-care ability are more likely to develop
resistance and avoidance psychology, which may lead to fewer medical visits and reduced motivation for treatment,
thereby lowering dietary adherence.””** Therefore, medical staff can provide relevant education to family members,
instructing them to offer necessary support so that patients can face their disease and establish good, healthy dietary
habits under the guidance of doctors and family.

Studies have found that a nomogram model for medication adherence in chronic kidney disease patients, constructed
based on five factors, showed good agreement between predicted probabilities and actual observed probabilities by the
Hosmer-Lemeshow (H-L) test, and can be incorporated into long-term medication management.>* Another study
constructed a nomogram prediction model for non-adherence in patients receiving phototherapy, in which Lasso
regression identified seven predictive factors; the nomogram demonstrated good discriminative ability and calibration,
and decision curve analysis (DCA) indicated favorable net benefit, supporting its clinical utility.> In this study,
a nomogram model was constructed based on Lasso regression and Logistic analysis. The AUCs for the training set
and external validation were 0.884 and 0.902, respectively, and the H-L test showed good consistency. The threshold
probabilities of the DCA curves for the modeling and validation groups were in the ranges of 0.10-0.83 and 0.15-0.84,
respectively, indicating that this nomogram model demonstrates relatively high clinical value, consistent with previous
studies. The nomogram we developed can help clinicians identify HD patients at high risk of non-adherence early.
Additionally, this predictive tool can be applied in clinical trials to guide researchers in selecting patients with poor
dietary adherence. Furthermore, the nomogram can support early interventions for high-risk non-adherent patients, which
may include encouraging the use of automatic reminders and monitoring dietary adherence, thereby assisting healthcare
providers in timely management of HD patients’ dietary behaviors and effectively improving their quality of life.

In summary, age, duration of dialysis, education level, dietary knowledge, social support, family support, and self-
care ability are influencing factors for dietary adherence in HD patients, and the nomogram model constructed based on
these variables demonstrated good discriminative ability and high clinical net benefit. It can assist healthcare providers in
identifying HD patients at high risk of non-adherence at the beginning of clinical management, enabling individualized
assessment of dietary adherence. This study is a retrospective, single-center study with a relatively small sample size,
which may introduce bias, and further studies with larger, multi-center, and prospective designs are warranted for
external validation.
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