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Abstract

Background—Home-Based Kidney Care (HBKC) is a pragmatic treatment approach that 

addresses patient preferences and cultural barriers to healthcare. We previously reported the results 

of a clinical trial of HBKC vs. usual care in a cohort of Zuni Indians in New Mexico. This study 

investigated the potential for differential efficacy of HBKC vs. usual care according to type 2 

diabetes (T2DM) status.

Methods—We analyzed the data from all individuals who participated in a randomized clinical 

trial that compared HBKC to usual care among patients with CKD, and assessed whether the 

effect of the HBKC intervention affected the subset of patients with T2DM differently than those 

individuals without T2DM. We used linear regression models to estimate the effect of HBKC on 

improvement in Patient Activation Measure (PAM) total scores within the groups of participants 

defined by T2DM status, and to compare the effects between these two groups. We used 

generalized estimating equations (GEE) to account for household clustering.

Results—The original study enrolled 63 participants into the HBKC group, and 62 into the usual 

care. Ninety-eight of these individuals completed the 12-month intervention, 50 in the HBKC 

group and 48 in the usual care group. The present study compared the intervention effect in the 56 

participants with T2DM (24 participants in the HBKC group and 32 in usual care) to the 
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intervention effect in the 42 participants without T2DM (26 participants in the HBKC group and 

16 in usual care). Those with T2DM who received the HBKC intervention experienced an average 

increase in PAM total scores of 16.0 points (95% Confidence Interval: 8.8 - 23.1) more than those 

with T2DM who were in the usual care group. For those without T2DM, the intervention had 

essentially no effect, with those who received the HBKC intervention having an average PAM total 

scores that was 1.4 points (95% C.I.: −12.4 to 9.6) lower than those who received usual care. 

There was a significantly different HBKC treatment effect by T2DM status (p=0.02).

Conclusion—This secondary analysis suggests that the effectiveness of this HBKC intervention 

on increasing patient activation is most notable among those CKD patients who also have T2DM.
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1. Background

Diabetes is the leading cause of advanced kidney disease worldwide (1). In the United 

States, chronic kidney disease (CKD) affects more than one fourth of the adult population 

with type 2 diabetes mellitus (T2DM) (2). The burden of CKD is greater in ethnic and racial 

minorities, and in rural communities where access to healthcare is limited (3). The Zuni 

Indians have higher rates of chronic diseases than the US population generally, with high 

rates of diabetes and CKD being particularly notable. The majority of Zuni Indians in New 

Mexico live in remote parts of the state and subsequently have limited access to health care 

(4). Health disparities in this population are worsened not only by challenges with access to 

healthcare, but also by deep-rooted cultural barriers. The Zuni Indians have experienced 

considerable historical and cultural trauma that has led to hesitation in seeking available 

health screening and healthcare (5). Fear and mistrust of healthcare providers due to the high 

turnover rate of medical staff at the Indian Health Services were identified as barriers within 

the health care system (4). Home based interventions may provide an important alternative 

source of care. Our study participants with T2DM and CKD often have poor access to care 

and treatment and thereby suffer from a host of adverse outcomes. Nearly all therapies 

aimed at preventing the progression of CKD in individuals with diabetes and reducing 

associated morbidities rely heavily on patient driven medical care including adhering to 

medication regimens, avoiding habits/situations that can further exacerbate the disease, and 

following a regimented diet. Patients’ with diabetic CKD often lack sufficient knowledge, 

have low levels of self-efficacy, and a poor ability to self-manage their CKD, all factors that 

have been shown to contribute to increased complications from CKD that often limit the 

potential for improved health outcomes associated with provider recommendations. Due to 

the multiple and ongoing needs of patients with T2DM and CKD, it is not feasible that a 

busy practitioner can deliver the well-rounded care that is needed for optimal outcomes in 

the current health care setting. The HBKC uses Community Health Representatives (CHRs) 

to increase access to care; aid in triaging patients to maximize available health system 

resources; reduce costs through patient education, screening, detection and basic care; and 

improve quality by contributing to patient-provider communication and continuity of care.
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In a 12-month clinical trial, we found that a home-based kidney care intervention designed 

to address barriers to CKD care significantly improved CKD patients’ inclination to take a 

more active role in the management of their chronic health condition (6). Because of the 

high proportion of participants who had T2DM, and due to the potentially differential impact 

of healthcare interventions on patients according to their T2DM status, we wished to 

determine whether the intervention applied in the parent clinical trial influenced patients’ 

activation in their own healthcare differently according to T2DM status. Hence, the principal 

objective of this secondary analysis was to examine whether the treatment effect of the 

home-based kidney care intervention differed between groups of patients defined by T2DM 

status. We hypothesized that patients with T2DM would be more likely to experience a 

change in the engagement in their health care in response to the intervention than those who 

did not have T2DM.

2. Methods

This study is a secondary analysis of data collected for a clinical trial in patients with CKD 

that focused on the effectiveness of a Home-Based Kidney Care intervention on patient 

activation. The current study evaluates the potential that the participants’ T2DM status may 

modify the effectiveness of the intervention on the primary outcome. The methods of the 

parent trial (ClinicalTrials.gov number NCT02915029) approved under University of New 

Mexico Human Research Institutional Review board have already been reported (6). In brief, 

potential candidates from a previously established cohort were screened for relevant clinical 

factors (7). Of the 315 individuals screened for eligibility, 127 met the inclusion criteria of 

being a member of the Zuni Pueblo between the ages of 21 and 80 and having urine albumin 

to creatinine ratio ≥ 30 kg/m2, hemoglobin A1c ≥ 7%, or a family history of diabetes and 

kidney disease. All but two of the eligible individuals agreed to participate in the study, and 

63 were randomized to the home-based kidney care (HBKC) intervention and 62 were 

assigned to the usual care control group. As more than one individual from a single 

household could participate in the study, and because the intervention was provided at home, 

randomization was performed on a household level; the 125 randomized individuals were 

members of 96 households that were randomized 1:1 to the two treatment arms. Neither the 

investigators nor the participants were blinded to the intervention because of the nature of 

the intervention: home-based or usual care at a local Indian Health Service clinic.

The intervention was designed to enhance a participant’s activation in his or her healthcare, 

and was provided to those in the HBKC treatment arm by community health workers who 

were members of the Zuni Pueblo and were specifically trained to deliver the intervention. 

The intervention provided education and care at patients’ homes, taking into consideration 

that patients normally feel more comfortable when receiving care in a private setting from 

people who are members of their communities.

The primary outcome for the randomized trial, and therefore for this secondary analysis, was 

a change in the total score of the Patient Activation Measure (PAM) from baseline to the end 

of the 12-month study period. The PAM score is from a validated tool that assesses a 

patient’s engagement – or activation – in his or her care (8). The scores are further 

categorized into 4 levels: (Level 1) believing the patient’s role is important but not taking 
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action; (Level 2) having the confidence and knowledge necessary to take action; (Level 3) 

taking action to maintain and improve one’s health; and (Level 4) staying the course even 

under stress. PAM levels of 3 and higher were used to indicate that a patient is activated and 

engaged in his or her own healthcare. Secondary outcomes of interest included body mass 

index (BMI), blood pressure (systolic and diastolic), hemoglobin A1c, serum glucose, serum 

triglycerides, serum high-density lipoproteins (HDL) cholesterol, serum low-density 

lipoproteins (LDL) cholesterol, estimated glomerular filtration rate (eGFR), urine albumin-

to-creatinine ratio (UACR), high sensitivity C-reactive protein (hsCRP), Morisky score, and 

health related quality of life assessed by the Kidney Disease Quality of Life survey 

(KDQOL-36) (9).

We estimated changes in PAM total scores from baseline to 12-months follow-up within four 

groups, defined at baseline by the combinations of treatment assignment and the presence of 

a T2DM diagnosis at baseline. We subsequently estimated treatment effectiveness within the 

T2DM and no-T2DM groups as the observed between-treatment difference within the 

corresponding group. We tested for the presence of a differential treatment effect by T2DM 

status by evaluating the statistical significance of the interaction between treatment groups 

and T2DM groups in the within-person changes from baseline to 12-months follow-up while 

accounting for baseline levels observed within each participant of each outcome. These 

comparisons were accomplished using generalized linear models approaches while 

accounting for within-household clustering with generalized estimating equations (10). We 

log-transformed three variables: triglycerides, urine ACR and high sensitivity CRP, to better 

meet statistical assumptions (11), leading to a change in the interpretation of the estimated 

effects from an absolute to a relative difference between the two study groups (12). We used 

logistic regression models to examine changes in the binary classification of whether a 

patient was activated, as defined by being classified into PAM Levels of 3 or 4. As with the 

other comparisons, we adjusted for baseline PAM level using a covariate, and accounted for 

within-household clustering using generalized estimating equations. We used odds ratios to 

summarize the treatment effect within T2DM groups, and compared the significance of the 

difference between T2DM groups by testing for an interaction between treatment group and 

T2DM status. Statistical significance was declared for two-sided p-values less than 0.05. 

Statistical analyses were performed using SAS/STAT® and R software packages. Trial 

registration is at ClinicalTrials.gov NCT02915029

3. Results

A total of 125 participants were enrolled into the original study, 63 into the HBKC 

intervention group and 62 into the usual care group. After 12 months, 50 individuals from 

the HBKC group, and 48 from the usual care group provided follow-up data. Of those 

completing the full 12-month study, 56 had T2DM and 42 did not. Of the 56 participants 

with T2DM, 24 were assigned to HBKC and 32 to usual care. Of the 42 non-T2DM 

participants, 26 were assigned to HBKC and 16 to usual care. The flow of participants in this 

study, from enrollment to randomization into the intervention and usual care groups and 

finally to selection for T2DM, is shown in Figure 1.
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Baseline characteristics of the individuals with and without T2DM in the two treatment 

groups are presented in Table 1. In those with T2DM, the average serum LDL cholesterol 

levels were higher in HBKC (mean=125 mg/dl, standard deviation [SD]=43) vs. the usual 

care group (mean=105 mg/dl, SD=43). Those with T2DM assigned to the HBKC group also 

had higher hsCRP levels (mean=10.7 mg/L, SD=13.2) than those assigned to usual care 

(mean=3.6 mg/L, SD=3.6). Among those without T2DM, higher hsCRP levels and lower 

SF-12 Mental scores were observed in the HBKC group (hsCRP: mean=4.7 mg/L, SD=4.4; 

SF-12 Mental: mean=47.5 points, SD=8.1) than in the usual care group (hsCRP: mean=2.2 

mg/L, SD=1.4; SF-12 Mental: mean=54.3 points, SD=8.0).

Scatterplots of the PAM scores at 12 months versus the PAM scores at baseline illustrate the 

changes observed over the course of the study (Figure 2). In the group of participants with 

T2DM, almost all individuals in the HBKC treatment group experienced an improvement in 

PAM score, while there was little change among those in the usual care group, from baseline 

to 12 months (left panel). In the group of participants without T2DM, no consistent PAM 

score changes were evident in either treatment group. The variation between baseline and 

12-month PAM scores was considerably greater in this group than in the group of patients 

with T2DM (right panel). Table 2 shows the estimates of the HBKC treatment effects for the 

two groups of participants defined by T2DM status, and reports p-values that test the null 

hypothesis that there is no differential treatment effect by T2DM status. The participants 

with T2DM who received the HBKC intervention experienced an average increase in PAM 

score that was significantly higher than the average change experienced by those in the usual 

care group by 16.0 points (95% C.I.: 8.8 to 23.1). Those without T2DM who received the 

HBKC intervention exhibited a change in their average total PAM scores that was 1.4 points 

lower, though not significantly, than those who received usual care (95% C.I.: −12.4 to 9.6). 

These HBKC treatment effects were significantly different between the two groups defined 

by T2DM status (p=0.02). Similarly, participants in the treatment group were 8.4 times more 

likely to become “activated” at 12 months compared to the control group. Additionally, the 

odds ratios estimating the changes from baseline to follow-up in PAM activation levels for 

the T2DM and no-T2DM groups were 9.7 (95% C.I.: 1.7 to 54.3) and 0.8 (95% C.I.: 0.1 to 

11.0), respectively. However, the difference between these two odds ratios was not 

statistically significant (p=0.07). The two secondary outcome measures that displayed 

meaningful differences between treatment groups in the initial clinical trial were BMI and 

hsCRP. These two secondary outcomes with significant main effects did not provide 

evidence of differential treatment effects by T2DM status (see Table 2).

4. Discussion

Patient-centered care emphasizes a strong partnership between patients and clinicians to 

create an environment where patients gain information necessary to actively engage in 

decisions related to their own health. In patients with evidence of diabetes and kidney 

disease, understanding of basic concepts about diabetes related events including kidney 

function, symptoms of progressing kidney failure, and one’s own disease status is 

unsatisfactory, even amongst those actively engaged in endocrinology and nephrology 

specialist care. Health literacy such as numeracy skills can promote a greater level of self-

efficacy, leading to increased adherence to management particularly in diabetes patients (13, 
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14). Further, low self-engagement in CKD patients is associated with poor clinical outcome. 

This relationship is worsened with diabetes (15). The intervention of interest in this work 

addresses preexisting cultural barriers to increase patient engagement in their own 

healthcare.

Although a high proportion of the participants in the randomized controlled trial had T2DM, 

the evaluation of the primary results of the intervention did not shed light on the effect of the 

intervention on the CKD patients with T2DM. We were therefore interested in learning 

whether the intervention was effective for these patients, even when it was not uniquely 

designed for intervening in this specific disease. The effect of the HBKC intervention that 

we had observed in the parent clinical trial was completely described by its effectiveness 

among individuals with T2DM. The HBKC intervention group had PAM scores that 

increased on average by 16.0 points (95% C.I.: 8.8 to 23.1) among the participants with 

T2DM. Those without T2DM who received the HBKC intervention exhibited an average 

change in total PAM scores that was actually lower, by 1.4 points, than the average change 

observed among those receiving usual care (95% C.I.: −12.4 to 9.6). This secondary analysis 

confirms that the intervention had a significant impact on improving the activation of T2DM 

patients in the management of their own health care. In fact, the magnitude of the effect was 

even higher in those with T2DM than what was observed in the parent study, suggesting that 

the intervention may be more effective for CKD patients with T2DM than for those without 

T2DM. We did not see statistically significant improvements in clinical indicators in 

response to the intervention in either the T2DM or nondiabetic groups as we did in the 

primary analysis. This may be attributable to reduced power to detect these changes in the 

subsets defined by the presence or absence of T2DM. Nevertheless, results of the primary 

intervention suggest that greater patient activation may ultimately lead to better clinical 

outcomes. Larger validation studies are currently on going to evaluate this hypothesis in four 

indigenous communities in those with T2DM.

The observed intervention effect on CKD patients with T2DM could be explained in 

multiple ways. Diabetes is effectively managed with potentially modifiable diabetes care 

factors such as model of care and patient behavior as opposed to non-modifiable diabetes 

care factors such as demographic characteristics and clinical comorbidities (16–19). People 

with both T1DM and T2DM are more and more expected to be active patients that is to be in 

charge of their own health and the healthcare they receive. The delivery of appropriate care 

is of particular importance in obtaining successful T2DM outcomes, and most healthcare 

providers agree on the form that this care should take (19). In contrast, research regarding 

the most effective model of care for CKD management is still ongoing (20, 21). The results 

from this study supports that there may be differences in the most effective model of care for 

CKD patients who do not have diabetes compared to those presenting with T2DM. This 

contrast may be heightened in our cohort due to the cultural and socioeconomic barriers that 

exist in rural New Mexico.

Previous research has found that increased patient activation is associated with improved 

outcome in many chronic conditions (22–24). In particular, in 2020 meta-analysis of ten 

randomized controlled trial estimating the effect of patient activation on T2DM management 

in 3728 total patients, Almutairi et al. found that patient activation lead to improved 
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glycemic control measured by reduction of HbA1c level (25). They highlighted physical 

activity, healthy diet and foot care as mode of improved outcome. More activated patients 

with diabetes and pre-diabetes had better outcomes than less activated patients did. More 

activated patients without diabetes or pre-diabetes were less likely to develop pre-diabetes 

over a three-year period (26). Miller et al evaluated the effects of the Diabetes Education and 

Self-Management for Ongoing and Newly Diagnosed (DESMOND) program on patient 

activation in adults living with T2DM. Findings from this study showed that the structured 

DESMOND program effectively improved patient activation in individuals with T2D in a 

routine, real-world environment. Overall, more than half of all participants exhibited a 

clinically significant improvement of at least 5 points in PAM score. Furthermore, the 

proportion of people scoring in the highest level of activation (PAM level 4, 72.5–100) 

almost doubled from pre to post-DESMOND (27). Many other studies showed a graduated 

association between activation stage and frequent attendance at primary care for chronic 

conditions including cancer. Furthermore, patient activation reported as independently 

associated with lower health care consultation rates among people with a cardiovascular 

condition (28). The reported association of PAM with cancer patient experiences from 

diagnosis to survivorship suggested that less activated cancer patients were more vulnerable 

to poor experiences and outcomes (29).

Although our study showed higher patient engagement, we did not observe statistically 

significant clinical outcomes such as reduced HbA1c level. Our study length may not have 

been long enough to capture the long-term effects of patient activation given the historical 

background and geographical uniqueness in our cohort. While the change in clinical 

measures may take time, the strength in the design of our intervention lies in the culturally 

sensitive delivery of care that increases adherence to a healthy diet and physical activity 

identified as mode of improved outcome.

Strengths of this post-hoc analysis include the study population, which is at high risk of 

progressive CKD and has a high prevalence of T2DM, and the use of CHRs trusted by the 

community to deliver the intervention. Although the specific approach used to engage the 

Zuni Indians in their healthcare may not be relevant in another community that does not 

share the same culture and beliefs, the concept of culturally-relevant interventions may be 

generalizable. Limitations include the small sample size, which was further accentuated in 

the present study by comparing differential effects of the intervention in two subsets of the 

clinical trial participants, those with and without T2DM. Currently, we are addressing this 

limitation by studying the role of PAM in diabetes and CKD care in a larger study of four 

indigenous communities. Another limitation is that this was a post-hoc analysis of a clinical 

trial designed and powered to address a different and simpler research question. 

Nevertheless, a statistically significant difference in intervention effects was observed 

between those with and without T2DM, suggesting that the awareness of the risks posed by 

CKD and the willingness to actively engage in their own healthcare may be greater in those 

who know they have a chronic disease that predisposes them to CKD.
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5. Conclusion

Our study addresses two critical needs for patients with diabetic CKD: additional knowledge 

about self-care to prevent diabetic CKD and reduce the impact of the disease on quality of 

life, and prevention tools and techniques that are culturally relevant, appropriate, and 

accessible (30). This secondary analysis of the HBKC study demonstrated that behavioral 

and lifestyle educational reinforcement through alternate weekly home visits by the CHRs 

with quarterly group sessions was an effective means of providing care to Zuni patients with 

T2DM and CKD who may otherwise avoid diagnosis and treatment due to stigmatization. 

The CHR-led HBKC model provided the additional care necessary to bolster patient levels 

of disease-specific knowledge, self-efficacy, and diabetes and CKD self-management, 

enabling the patients to more effectively carry out the recommendations that they received 

during the home visit as compared to patients who received clinic-based usual care. In 

conclusion, the community efforts to increase awareness and understanding of kidney 

disease, its risks, and care may complement health-system based strategies in the fight 

against kidney disease, particularly among those with diabetes.
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Highlights

• The burden of chronic kidney disease is greater in ethnic and racial minorities 

and in rural communities where access to healthcare is limited.

• The Patient Activation Measure is a validated scoring tool that assesses 

patient’s ability to effectively participate in his or her own healthcare.

• In settings where healthcare is limited, home-based intervention for chronic 

kidney disease provided by trained community health representatives 

improves participant activation in their own health and healthcare relative to 

standard clinical practice.

• Home-based kidney care increased the Patient Activation Measure score in 

Zuni Indians with diabetes and chronic kidney disease relative to usual care.

• The efficacy of this intervention vs. usual care was greater in patients with 

diabetes than in those without diabetes.
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Figure 1. 
Data Flowchart
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Figure 2: 
(left panel): PAM score at 12 months versus at baseline for participants with diabetes (left 

panel) and for participants without diabetes (right panel. A reference line of no change over 

time is shown, along with different plotting symbols for those in the HMKC (Treatment) and 

usual care (Control) groups.
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Table 2.

Estimated treatment effects (HBKC mean change minus Usual Care mean change) within groups defined by 

baseline diabetes status, with tests for the significance of the differences in treatment effects observed in those 

with and without diabetes.

Diabetes Non-diabetes

Characteristic Treatment Effect Δ 
a

 (95% C.I.) Treatment Effect Δ 
a
 (95% C.I.) p-value

c

Primary outcome measure

 Patient activation total score 16 (8.8 to 23.1) −1.4 (−12.4 to 9.6) 0.02

Secondary outcome measures

 Body mass index, kg/m2 −1.2 (−2.2 to −0.2) −1.2 (−2.4 to 0.0) 0.93

 BP, mm HG

  Systolic −3.7 (−11.2 to 3.7) −3.6 (−12.8 to 5.5) 0.75

  Diastolic −1.9 (−7.4 to 3.6) −4.3 (−9.3 to 0.8) 0.50

HbA1c, % −0.8 (−1.9 to 0.4) −0.1 (−0.3 to 0.2) 0.30

Glucose, mg/dl −3 (−47.5 to 41.6) −2.2 (−11.5 to 7.0) 0.98

Serum HDL cholesterol, mg/dl −0.1 (−7.9 to 7.7) 2.8 (−7.0 to 12.5) 0.39

Serum LDL cholesterol, mg/dl 4.9 (−11.2 to 21) 3.1 (−11.4 to 17.6) 0.96

eGFR, ml/min per 1.73 m2 9.1 (−12.6 to 30.9) 4.9 (−19.4 to 29.2) 0.66

Urine ACR, mg/g
b −0.5 (−1.2 to 0.3) −0.4 (−1.2 to 0.3) 0.22

hsCRP, mg/L
b −0.7 (−1 to −0.3) −0.8 (−1.2 to −0.5) 0.69

KDQDL measures

 SF-12 physical score 2 (−3.2 to 7.1) 0.7 (−3.0 to 4.5) 0.72

 SF-12 mental score 1.2 (−3.3 to 5.8) 4.0 (−1.6 to 9.6) 0.71

a
Estimated between-group differences of within-person changes from baseline to 12-months

b
Log-transformed, therefore the reported Δ represents a fold-change comparison of the HBKC group vs. the control group.

c
p-value corresponds to the significance of the interaction between treatment group and diabetes status.

d
Use of the Morisky Medication Adherence Scale is protected by United States copyright laws. Permission for use is required. A license agreement 

is available from Donald E. Morisky, Department of Community Health Sciences, University of California, Los Angeles School of Public Health, 
650 Charles E. Young Drive South, Los Angeles, CA 90095–1772.
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