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Background: Chronic Kidney Disease (CKD) is a complex and common medical 

condition requiring a multidisciplinary management approach, including control of 

multiple parameters to delay progression of the disease. Telehealth has been used for 

monitoring chronic conditions and can be used for managing chronic kidney disease. 

Materials and Methods: Patients (N = 34) with CKD Stage II-V were studied for four 

months. Vital signs, weight, intake and output, blood glucose level, oxygen saturation, 

and edema were checked twice weekly by trained nurses, transmitted via WhatsApp, 

and incorporated into the electronic medical records of the patients. Monthly serum 

creatinine, hemoglobin, and electrolytes were obtained and reviewed by a nephrologist. 

Necessary intervention was conveyed to the patients. 

Results: Patient satisfaction rate with telehealth management was high. Measured 

parameters were maintained in the recommended range in a higher percentage of the 

study group compared to the controls. Glomerular filtration rate was maintained in a 

significantly more patient in the study group (p<0.001). 

Conclusions: Telehealth monitoring of patients with CKD (tele-nephrology) is a viable 

and effective option for management of this increasingly prevalent disease.  

Chronic kidney disease (CKD) is a worldwide public health problem with increasing 

severity in renal dysfunction extending to dialysis. 

 

One in 10 American adults has some level of CKD (Table 1) according to the National 

Institute of Diabetes and Digestive and Kidney Diseases (NIDDK).1 According to 1999–

2004 NHANES data, the estimated prevalence of CKD by stage is as follows: Stage 1: 

5.7%; Stage 2: 5.4%; Stage 3: 5.4%; Stage 4: 0.4%, Stage 5: 0.4%.2 

 

Table 1. Stages of chronic kidney disease. 
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The prevalence of Stages 3 and 4 CKD increased in the U.S. between 1988 and 2002, 

stabilized from 2003 to 2012, and may now be rising again.3,4 The prevalence of CKD in 

adults 30 years or older is projected to increase to16.7% in 2030, and for an individual, 

lifetime risk of CKD is high, with more than half the US adults aged 30 to 64 years likely 

to develop CKD. Worldwide, an estimated global CKD prevalence of 11% to 13% was 

reported in a systematic review and meta-analysis of observational studies.8 

 

CKD management requires a systematic approach that can benefit from telemedicine. 

The objective of this study was to apply telehealth to optimize care of CKD and ensure 

control of parameters known to slow progression of the disease. Electronic submission 

was utilized to ensure intensive monitoring and intervention. 

 

Materials and Methods 

A total of 74 patients were recruited for the study. Patients (n = 40) with documented 

CKD Stages2-4 were enrolled for home visits by trained nurses. Patients with known 

CKD Stages II-V were included. Table 2 shows demographic and clinical 

characteristics.  

 

Table 2: Demographic and characteristics of patients. 
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CKD: chronic kidney disease; DM: diabetes mellitus; HTN: hypertension; IHD; Ischemic 
Heart Disease 

 

Patients on hemodialysis or who had renal transplant were excluded, as were patients 

less than 18 years-old. Consent was obtained for monitoring and transmission of 

parameters. Parameters were checked and transmitted via WhatsApp twice weekly, 

including temperature, blood pressure, pulse, respiratory rate, weight, intake and output, 

edema, oxygen saturation and serum glucose levels. These parameters were entered 

into the patient’s electronic medical record and reviewed daily.  

 

Temperature greater than 38°C (100.4°F), heart rate less than 60 beats per minute and 

more than 100 beats per minute, blood pressure higher than 140/90 mmHg or lower 

than 100/60mmHg, weight gain, uncontrolled serum glucose levels, edema, decreased 

cardiac output, and decreased oxygen saturation were identified. 

 

Data transmission and intervention were done by the physician. Monthly hemoglobin, 

serum creatinine/GFR (glomerular filtration rate) and electrolytes (serum potassium and 

bicarbonate) were obtained and transmitted to the physician. Medications were adjusted 

accordingly. Medication, dietary and vaccination compliance, avoidance of nephrotoxic 
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drugs, cessation of smoking, and CKD education were ensured. Home monitoring of 

patients was done over four months.  

 

Similarly, control patients (n = 34) with CKD Stages II-V were identified. These patients 

had monthly physician office visits.  

 

Baseline medical records were available for both groups, including medical history and 

physical, medications, diagnosis, and previous laboratory results. At the end of the 

study, patients were surveyed to determine satisfaction. 

 

Results  

At the end of the study there were 34 patients in each arm due to non-compliance and 

one deceased patient secondary to cardiac arrest. 

 

A combination of the Service User Technology Acceptability Questionnaire 

(SUTAQ) and the 10-item Telehealth Satisfaction Scale Patient Satisfaction survey was 

used at the end of the study. Questions were modified according to the study design. 

Interviews were conducted by a non-participating individual. Ten “Yes/No” format 

questions were asked of patients in the study group.  

 

The survey revealed that 91% of patients wanted to continue with the telemedicine 

service, 66% thought it was cost effective.  

 

Only 12 % had to visit an emergency department, while clinic visits decreased in 73% of 

patients. Emergency support available through this service was satisfactory for 61%; 

91% were taught the importance of monitoring labs, complying with medication, vaccine 

and diet (Figure 1). 

 

In 89% there was improved compliance with the prescribed diet and medications. Most 

patients believed that confidentiality was maintained; 84% were happy with the clinical 

management and 91% with the nursing care (Figure 2).   
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Figure1. Patient responses to telemedicine. 
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Figure 2. Satisfaction with telemedicine service. 

 

Statistical analysis of the clinical component of the study was done using Independent-

2-Sample t test to compare means for two groups (Table 3). A p value of less than 0.05 

was statistically significant. In the comparison of control versus study patients, blood 

pressure control (p<0.001), weight control (p<0.001), medication compliance (p=0.009), 

and vaccination compliance (p=0.002) were significantly better in the study group 

(Figure 3). 

 

Table 3. Statistical analysis. 
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BP: blood pressure; df: degrees of freedom; F: F-test; GFR: glomerular filtration rate; 
HB: hemoglobin; SD: standard deviation; t: t distribution or the Student t 
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Figure 3. Comparison of blood pressure (BP) and weight control, medication and 

vaccination compliance between study and control groups. 

 

In the control population, 88% of patients were compliant with laboratory investigations 

compared to 100% of the study population. Hemoglobin at more than 11.5g/dL (target 

defined by KDIGO (Kidney Disease: Improving Global Outcome) was achieved in the 

study population (p<0.001). Glycemic control was better and electrolytes were 

maintained within normal range in the study population. (p<0.001). 

 

Rate of hospitalization was not different (Figure 4). Both groups were educated about 

chronic kidney disease. GFR either improved or remained stable in a significantly larger 

percentage of the study population compared to the control population (p<0.001; Figure 

5). 
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Figure 4. Comparison of hemoglobin (HB), glycemic, electrolyte control and 
hospitalizations between study and control groups. 

 

 

Figure 5. Comparison of education and glomerular filtration rate (GFR) stabilization 
between study and control groups. 
 

Discussion 
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In this study, WhatsApp Messenger was used to transmit data. WhatsApp is a cross-

platform, and end-to-end encrypted instant messaging application for smart phones. 

This freeware uses the Internet to make voice calls, one-to-one video calls; send text 

messages, images, GIF (graphics interchange format), videos, documents, user 

location, audio files, phone contacts, and voice notes to other users using 

standard cellular mobile numbers. I addition, it incorporates a feature called Status, 

which allows users to upload photos and videos to a 24-hours-lifetime feed that, by 

default, are visible to all contacts, similar to Snapchat, Facebook and Instagram Stories. 

 

Patients with chronic kidney disease have multiple medical problems, including 

hypertension, diabetes, ischemic heart disease, and congestive heart failure. In 

addition, they have other conditions such as anemia, mineral and bone disease 

changes, and electrolyte abnormalities. Thus, they are complex to manage.  

 

Mortality rates for patients with CKD are higher than for those without CKD. End stage 

renal disease (ESRD) patients on dialysis also have a high mortality and ESRD patients 

use a disproportionately high burden of any healthcare budget. Medicare spending for 

patients with CKD ages 65 and older exceeded $50 billion in 2014 and represented 20 

percent of all Medicare spending in this age group.6Thus, intervention before this stage 

can be cost effective and increase life expectancy.  

 

Telemedicine or tele-nephrology provides coordinated and collaborative care to improve 

patient outcomes. As the CKD burden increases, tele-nephrology is a viable option to 

facilitate communication between primary care physicians and nephrologists, and 

patients, ensuring optimal care. Tele-nephrology can reduce referral time, response 

time, and cost, and has been adopted in European countries.7Tele-nephrology has 

been shown to stabilize GFR and improve blood pressure control in CKD patients in a 

study conducted in the Miami VA Healthcare System.8 

 

In addition, telemedicine/tele-nephrology can be useful for those patients residing in 

remote areas. This has been demonstrated by a study from National Institute of Health. 
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In this program, there was close collaboration between the nephrologist, nurses, 

pharmacist and the primary care provider.9 

 

Our study demonstrates that closer monitoring of chronic kidney disease patients with 

the use of electronic medical records and the Internet is viable. Satisfaction rate among 

patients was high and clinical outcomes were significantly better than in those patients 

not monitored closely.  

 

This study is limited by small sample size and short follow up. In addition, cost 

effectiveness was not studied. This same study design is now going to be used for a 

larger sample using remote monitoring devices, integrating automatically with the 

patients’ electronic medical record, and the use of automatic feed back to the patients. 

This closed loop should ensure efficient, cost effective, coordinated and real time 

delivery of medical care.  

 

Further research is needed to optimize tele-nephrology applications and subsequently 

improve patient outcomes. Impact of tele-nephrology on quality of life, patient time and 

cost saving must be determined. Responsibility and liability questions must be 

addressed, as well as ethical issues including privacy and confidentiality. In addition, 

adherence to established clinical guidelines must be ensured.10 
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