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ABSTRACT
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It is unknown whether regular patient-doctor contact (PDC) contributes to better outcomes for patients
undergoing hemodialysis. Here, we analyzed the associations between frequency and duration of PDC
during hemodialysis treatments with clinical outcomes among 24,498 patients from 778 facilities in the
international Dialysis Outcomes and Practice Patterns Study (DOPPS). The typical facility PDC frequency,
estimated by facility personnel, was high (more than once per week) for 55% of facilities, intermediate
(once per week) for 24%, and low (less than once per week) for 21%. The mean 6 SD estimated duration
of a typical interaction between patient and physician was 7.765.6 minutes. PDC frequency and duration
varied across DOPPS phases and countries; the proportion of facilities with high PDC frequency was 17% in
the United States and 73% across the other countries. Compared with high PDC frequency, the adjusted
hazard ratio (HR) for all-cause mortality was 1.06 (95% conﬁdence interval [CI], 0.96 to 1.17) for intermediate PDC frequency and 1.11 (95% CI, 1.01 to 1.23) for low PDC frequency (P=0.03 for trend). Furthermore, each 5-minutes-shorter duration of PDC was associated with a 5% higher risk for death, on average
(HR, 1.05; 95% CI, 1.01 to 1.09), adjusted for PDC frequency and other covariates. Multivariable analyses
also suggested modest inverse associations between both PDC frequency and duration with hospitalization but not with kidney transplantation. Taken together, these results suggest that policies supporting
more frequent and longer duration of PDC may improve patient outcomes in hemodialysis.
J Am Soc Nephrol 24: 1493–1502, 2013. doi: 10.1681/ASN.2012080831

Although maintenance hemodialysis (HD) saves
lives, survival of patients with ESRD remains poor
and is much worse than for the general population.1
HD facilities differ with respect to provision of
important clinical practices;2,3 among these, differences in patterns of dialysis unit stafﬁng might inﬂuence mortality.4,5 HD patients usually receive
thrice-weekly dialysis provided by a multidisciplinary team of health care professionals (doctors,
nurses, technicians, dietitians, and social workers).
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As part of this team, the physician’s role in improving the
quality of chronic disease care is considered crucial.6,7
Many health care providers and researchers believe that
more frequent and longer patient-doctor contact (PDC) in HD
care may improve patient outcomes because it provides
physicians with greater opportunity to monitor treatments;
enhance communication and build trust with the patient; and
detect, prevent, and treat new medical problems.2,5,8 However,
the actual frequency and duration of PDC for HD care have
not been reported in many countries, and there is little direct
evidence that more frequent and longer PDC contributes to
better patient health outcomes. Previous studies from the
United States showed that less frequent PDC was associated
with lower patient satisfaction, lower patient adherence, lower
patient achievement of clinical performance targets, and higher
hospitalization, but more frequent PDC was not necessarily related to longer patient survival.8–10 A recent study based on data
from the U.S. Renal Data System (USRDS) also reported no
difference in survival for PDC frequency of ,4 times per month
compared with 4 times per month.10 However, the study was
limited to one country and was unable to evaluate differences
in outcomes between 4 times per month and .4 times per
month because of limitations of the billing codes and relatively
low proportion of high PDC frequency in the United States.
This study examined the estimated typical frequency and
duration of PDC that occurs at the time of HD treatments and
its associations with all-cause mortality as a primary outcome
among participants in the Dialysis Outcomes and Practice
Patterns Study (DOPPS), an international prospective cohort

study of HD patients and facilities. PDC was studied at the
facility level, reducing the opportunity for patient-level confounding by indication in this international cohort. Among
such patients, a high PDC frequency (.4 times per month) is
much more common outside of than in the United States. We
also examined the associations of PDC frequency and duration
with ﬁrst hospitalization and kidney transplantation as secondary outcomes. A better understanding of the effect of PDC intensity could have implications for health policy in addition to
improving health care delivery and HD patient outcomes.

RESULTS
Frequency and Duration of PDC across Country and
Study Phase

Figure 1 shows the distribution of estimated typical PDC frequency at baseline among facilities in each country by study
phase (DOPPS 1–3). Of 778 facilities in 12 countries, PDC
frequency was high in 55%, intermediate in 24%, and low in
21%, although the frequency varied enormously across countries. In Belgium, France, Germany, Spain, and Japan, .75%
of HD facilities had high PDC frequency in all phases, and
.90% had high or intermediate frequency. On the other hand,
in Australia and New Zealand, Sweden, the United Kingdom, and
the United States, ,30% of facilities had high PDC frequency,
and in the latter three countries high PDC declined across study
phases (from 35% to 24% in Sweden, from 20% to 0% in the
United Kingdom, and from 23% to 5% in the United States).
In the United Kingdom, intermediate PDC
frequency was also low and declined across
phases (from 20% to 0%). The proportions
of facilities with a high or intermediate PDC
frequency were 68% in the United States
and 84% in the other countries.
Figure 2 shows mean facility PDC duration (deﬁned as the duration of a typical
interaction between the patient and physician) at baseline in each country by DOPPS
phase. The overall mean PDC duration 6
SD was 7.765.6 minutes. The duration of
PDC varied greatly across countries
(from a mean of 5.3 minutes in Japan to
15.7 minutes in Italy), but it was not necessarily longer in countries with lower PDC
frequency. Little correlation existed between the percentage with high PDC frequency and mean PDC duration of each
country (Pearson r = 20.13; P=0.70). The
Figure 1. International variation of patient-doctor contact (PDC) frequency. Percentage of
proportion of facilities with an average tofacilities is shown according to the estimated typical frequency of PDC, by DOPPS phase
and country. PDC frequency was classiﬁed into three categories: high frequency (every, or tal PDC time (frequency 3 duration) of
almost every, dialysis session), intermediate frequency (weekly), and low frequency (less $60 minutes per patient per month ranged
than once per week). ANZ, Australia/New Zealand; BEL, Belgium; CAN, Canada; FRA, from 0% in the United Kingdom to 83% in
France; GER, Germany; ITA, Italy; JPN, Japan; SPA, Spain; SWE, Sweden; UK, United France (Figure 3) across all facilities from
Kingdom; US, United States. ANZ, BEL, CAN, and SWE did not participate in phase 1.
phases 1 to 3.
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Figure 2. International variation of patient-doctor contact (PDC) duration. Average
facility duration of PDC is shown by DOPPS phase and country. PDC duration represents the estimated duration of a typical interaction between the patient and physician. ANZ, Australia/New Zealand; BEL, Belgium; CAN, Canada; FRA, France; GER,
Germany; ITA, Italy; JPN, Japan; SPA, Spain; SWE, Sweden; UK, United Kingdom; US,
United States. ANZ, BEL, CAN, and SWE did not participate in phase 1.

Patient and Facility Characteristics

Table 1 shows baseline patient characteristics by facility PDC
frequency. The high-frequency group had fewer black patients, more patients with a ﬁstula than with a graft or catheter,
and more employed and married patients than did the intermediate- and low-frequency groups. Patients in the high-
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frequency group had fewer comorbid conditions, such as coronary artery disease, diabetes mellitus, and hypertension, than did
those in the other groups. Table 1 also
shows baseline characteristics of all included patients in the analyses compared
with patients excluded because of missing
or unknown facility PDC data. Differences
between the two groups were generally minor.
Table 2 shows baseline facility characteristics according to PDC frequency.
We observed a trend toward more patients
in facilities with higher PDC frequency.
The mean 6 SD typical PDC durations
were 7.265.3, 6.764.4, and 10.166.9
minutes in the high-, intermediate-, and
low-frequency groups, respectively. Consistent with the country level, there
was only a weak inverse correlation
(r = 20.17; P,0.001) at the facility level between PDC duration and PDC
frequency.

PDC and Outcomes (All-Cause Mortality, First
Hospitalization, Kidney Transplantation)

Median follow-up time was 22 months (interquartile range,
11–28 months). More frequent PDC was associated with lower
all-cause mortality: After adjustment for demographic characteristics, comorbid conditions, other patient and facility
characteristics, and PDC duration, the hazard ratios (HRs) for all-cause mortality for
intermediate and low PDC frequency compared with high PDC frequency were 1.06
(95% conﬁdence interval [CI], 0.96 to
1.17) and 1.11 (95% CI, 1.01 to 1.23), respectively (P for trend = 0.03) (Table 3,
model 4a). In an analysis dichotomizing
facilities into two groups, the adjusted
HRs for mortality among facilities with
PDC frequency ,4 times per month were
1.08 (95% CI, 0.99 to 1.18) compared with
facilities with PDC frequency $4 times per
month in all DOPPS countries and 1.08
(95% CI, 0.96 to 1.22) when analyses
were restricted to facilities in the United
States.
Facility PDC duration was also inversely associated with mortality; after
Figure 3. International variation of the total patient-doctor contact (PDC) time per
multivariable adjustment for potential
month. Percentage of facilities by country is shown according to the total PDC time,
calculated as the estimated typical frequency of PDC multiplied by the estimated confounders, the HR was 1.05 per 5
duration of a typical interaction between the patient and physician. *N represents the minutes shorter PDC (95% CI, 1.01 to
total number of facilities across DOPPS phases 1–3. ANZ, Australia/New Zealand; BEL, 1.09; P=0.01) (Table 3, model 4b). The
Belgium; CAN, Canada; FRA, France; GER, Germany; ITA, Italy; JPN, Japan; SPA, estimated HR for PDC duration did not
Spain; SWE, Sweden; UK, United Kingdom; US, United States.
differ appreciably across categories of
J Am Soc Nephrol 24: 1493–1502, 2013

Patient-Doctor Contact in Hemodialysis Care

1495

CLINICAL RESEARCH

www.jasn.org

Table 1. Baseline patient characteristics by PDC frequency
Characteristic

High Frequency

Intermediate Frequency

Low Frequency

Included Facilities

Excluded Facilities

Facilities (n)
Patients (n)
Age (yr)
Male (%)
Black (%)
Body mass index (kg/m2)
Dialysis vintage (yr)
Single pool Kt/V
Dialysis time (min)
Albumin (g/dl)
Calcium (mg/dl)
Phosphorus (mg/dl)
Hemoglobin (g/dl)
Vascular access (%)
Fistula
Graft
Catheter
Employment (%)
Education (high school or more) (%)
Married (%)
Living status (%)
Family
Nursing Home
Alone
Comorbid conditions (%)
Coronary artery disease
Cancer
Other cardiovascular disease
Cerebrovascular disease
Congestive heart failure
Diabetes mellitus
Gastrointestinal bleeding
HIV/AIDS
Hypertension
Lung disease
Neurologic disorder
Psychiatric disorder
Peripheral vascular disease
Recurrent cellulitis

429
13,749
62.0614.2
58.2
5.3
23.464.9
5.666.1
1.3960.30
236636
3.860.5
9.260.9
5.561.8
10.961.6

186
5778
61.3615.2
55.6
26.0
25.466.1
4.164.5
1.4660.30
224633
3.760.5
9.260.9
5.761.8
11.261.6

163
4971
61.6614.9
58.1
17.1
25.566.2
4.364.9
1.4560.31
229637
3.760.5
9.360.9
5.561.8
11.461.6

778
24,498
61.7614.6
57.6
12.6
24.365.6
5.065.6
1.4260.30
232636
3.860.5
9.360.9
5.661.8
11.161.6

152
4651
60.9615.5
57.0
10.9
25.065.7
4.765.4
1.4760.30
234638
3.860.5
9.360.9
5.561.8
11.261.6

71.9
12.5
10.6
17.7
34.3
61.5

42.7
32.8
20.1
12.7
46.1
52.7

52.6
23.4
20.4
13.0
44.7
54.7

61.1
19.5
14.8
15.6
39.2
58.0

59.7
17.9
16.2
14.1
39.5
55.5

79.9
4.1
15.2

75.1
6.5
17.3

76.7
5.0
17.4

78.1
4.9
16.2

76.0
4.4
18.8

39.2
10.6
36.9
15.5
29.5
31.0
5.1
0.6
74.6
9.2
9.2
13.1
24.1
6.9

53.6
11.6
37.0
19.3
41.5
44.2
7.9
1.6
83.5
14.0
13.3
22.7
27.4
10.6

52.1
11.1
35.5
18.3
37.2
40.5
7.4
0.8
82.7
12.0
11.9
22.2
28.2
9.1

45.2
10.9
36.7
17.0
33.9
36.0
6.2
0.9
78.3
10.9
10.7
17.2
25.7
8.2

46.5
12.1
32.3
16.6
31.9
34.2
5.6
0.6
78.4
11.0
9.9
16.2
24.6
8.1

Values expressed with a plus/minus sign are the mean 6 SD.

PDC frequency (P=0.33). Results of analyses treating PDC
duration as categorical also appear in Table 3 and were consistent with the continuous PDC duration model. After adjustment for potential confounders, the HR was 1.13 (95%
CI, 1.00 to 1.28) for patients in facilities with intermediate
PDC duration and 1.13 (95% CI, 1.01 to 1.27) for patients in
facilities with short duration compared with patients in facilities with long duration (Table 3, model 4b).
Patients in facilities providing more frequent and longer
PDC also had a lower rate of ﬁrst hospitalization during
follow-up. Compared with patients with high PDC frequency,
the adjusted HR for ﬁrst hospitalization was 1.14 (95% CI, 1.04
to 1.25) for intermediate PDC frequency and 1.22 (95% CI,
1.11 to 1.34) for low PDC frequency (P for trend , 0.001),
1496
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adjusting for demographic characteristics, comorbid conditions, and other patient and facility characteristics. PDC
duration was also inversely associated with the rate of ﬁrst
hospitalization (HR per 5 minutes shorter, 1.06; 95% CI,
1.02 to 1.10), adjusting for PDC frequency and the same
covariates as above. Estimated region-speciﬁc effects of
PDC frequency and duration are shown in Table 4 (mortality
and ﬁrst hospitalization).
Total PDC time per month (estimated typical frequency of
PDC multiplied by the estimated duration of a typical interaction between the patient and physician) was also inversely
associated with all-cause mortality. Compared with patients in
facilities with an average total PDC time of at least 60 minutes
per patient per month, the adjusted HRs were 1.15 (95% CI,
J Am Soc Nephrol 24: 1493–1502, 2013
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Table 2. Baseline facility characteristics by PDC frequency
Frequency of PDC

High
Intermediate
Low
Frequency Frequency Frequency

Facilities (n)
Mean typical PDC
duration (min)
Mean patients in a facility (n)
Mean doctors in a facility (n)
Patient/staff ratio for 1
dialysis session
Hospital-based facilities
(% yes)

429
7.265.3

186
6.764.4

163
10.166.9

85.5
5.2
4.5

81.8
5.8
3.4

75.0
5.6
3.7

49.7

38.7

42.3

CLINICAL RESEARCH

and 7%, 10%, and 10% among patients with short, intermediate,
and long PDC duration. After adjustment for country, kidney
transplantation was minimally associated with PDC frequency
(P=0.84) and duration (P=0.93).

DISCUSSION

Facility characteristics were reported by each unit nurse manager in the
DOPPS unit practice survey. One hundred ﬁfty-two facilities excluded because of missing UPS questionnaire or missing PDC data. Values expressed
with a plus/minus sign are the mean 6 SD.

1.04 to 1.27) for total PDC time of 30–60 minutes per patient
per month and 1.11 (95% CI, 1.01 to 1.21) for total PDC time
,30 minutes per patient per month. This association of total
PDC time per month with mortality did not differ much for
hospital-based and non–hospital-based facilities (Figure 4). In
contrast, total PDC time was inversely associated with the rate
of ﬁrst hospitalization in non–hospital-based facilities but not
in hospital-based facilities.
Among patients who did not die, the overall proportion of
patients who left the study because of kidney transplantation
was 8%. The proportions were 10%, 9%, and 8% among patients
with low, intermediate, and high PDC frequency, respectively,

Prior studies have shown that a variety of practice patterns of
HD vary appreciably across countries,2,3 but to the best of our
knowledge this study is the ﬁrst to describe international variations in the frequency and duration of PDC in HD facilities
and their associations with mortality. If the ﬁndings are valid,
they raise the possibility that increasing PDC time by raising
frequency and/or duration of PDC might lower the rate of
adverse patient outcomes. Longer duration of the typical interaction at dialysis units between the patient and physician
was consistently associated with lower mortality, regardless of
the frequency of PDC. Similarly, the apparent beneﬁt of more
frequent PDC was consistent, regardless of the duration of the
contact. We also tested the total PDC time (minutes per patient per month), and results were consistent: Mortality was
lowest in facilities that provided the most total PDC time. Although the associations observed between PDC and mortality
were relatively weak, this is a modiﬁable treatment factor and
the potential impact might be clinically important. Results in
North America, Europe, and Australia/New Zealand were qualitatively consistent with the overall estimates (Table 4). Results

Table 3. Association (HR and 95% CI) of PDC Frequency and Duration with All-Cause Mortality, after Various Levels of
Adjustment
All-Cause Mortality
PDC frequency
Low frequency (less than
weekly)
Intermediate frequency
(weekly)
High frequency (more than
weekly)
P for trend across categories
PDC duration
Per 5 min shorter duration
P for duration as continuous
variable
Categorical analysis
Short duration (#5 min)
Intermediate duration
(6–10 min)
Long duration (.10 min)

Model 0

Model 1

Model 2

Model 3

Model 4

Model 4a

Model 4b

1.08 (0.99 to
1.19)
1.10 (1.00 to
1.21)
1.00
(reference)
0.07

1.11 (1.01 to
1.22)
1.07 (0.97 to
1.19)
1.00
(reference)
0.04

1.11 (1.01 to
1.23)
1.08 (0.97 to
1.19)
1.00
(reference)
0.02

1.11 (1.01 to
1.22)
1.07 (0.97 to
1.18)
1.00
(reference)
0.04

1.08 (0.98 to
1.19)
1.06 (0.96 to
1.16)
1.00
(reference)
0.11

1.11 (1.01 to
1.23)
1.06 (0.96 to
1.17)
1.00
(reference)
0.03

1.08 (1.04 to
1.12)
,0.001

1.04 (1.00 to
1.08)
0.03

1.04 (1.00 to
1.08)
0.03

1.05 (1.01 to
1.09)
0.02

1.04 (1.01 to
1.08)
0.03

1.05 (1.01 to
1.09)
0.01

1.23 (1.10 to
1.38)
1.17 (1.03 to
1.32)
1.00
(reference)

1.11 (1.00 to
1.24)
1.10 (0.98 to
1.24)
1.00
(reference)

1.11 (0.99 to
1.24)
1.10 (0.98 to
1.24)
1.00
(reference)

1.12 (1.00 to
1.25)
1.09 (0.97 to
1.23)
1.00
(reference)

1.11 (0.99 to
1.24)
1.11 (0.99 to
1.25)
1.00
(reference)

1.13 (1.01 to
1.27)
1.13 (1.00 to
1.28)
1.00
(reference)

Model 0: stratiﬁed by phase and region and accounted for facility clustering effects; model 1: model 0 + age, sex, race, body mass index, dialysis vintage, and 14
comorbid conditions; model 2: model 1 + education, employment and living status, marital status; model 3: model 2 + patient-doctor ratio, patient-staff ratio, and
hospital-based units; model 4: model 3 + Kt/V, treatment time, serum albumin, calcium, phosphorus, hemoglobin, and vascular access; model 4a: model 4 + PDC
duration (continuous); model 4b: model 4 + PDC frequency (categories).
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Table 4. Association (HR and 95% CI) of patient-doctor contact frequency with all-cause mortality and ﬁrst hospitalization, by
region
Variable
All-cause mortality
PDC frequency
Low frequency (less than weekly)
Intermediate frequency (weekly)
High frequency (more than weekly)
PDC duration
Per 5 min shorter duration
First hospitalization
PDC frequency
Low frequency (less than weekly)
Intermediate frequency (weekly)
High frequency (more than weekly)
PDC duration
Per 5 min shorter duration

Overall

North America

Europe/ANZ

Japan

1.11 (1.01 to 1.23)
1.06 (0.96 to 1.17)
1.00 (reference)

1.15 (0.97 to 1.35)
1.06 (0.92 to 1.22)
1.00 (reference)

1.06 (0.93 to 1.21)
1.04 (0.88 to 1.23)
1.00 (reference)

0.97 (0.68 to 1.39)
1.43 (1.10 to 1.85)
1.00 (reference)

1.05 (1.01 to 1.09)

1.03 (0.96 to 1.10)

1.07 (1.02 to 1.12)

1.01 (0.85 to 1.20)

1.22 (1.11 to 1.34)
1.14 (1.04 to 1.25)
1.00 (reference)

1.30 (1.09 to 1.55)
1.23 (1.07 to 1.41)
1.00 (reference)

1.20 (1.05 to 1.37)
1.08 (0.90 to 1.29)
1.00 (reference)

1.11 (0.87 to 1.43)
1.03 (0.81 to 1.31)
1.00 (reference)

1.06 (1.02 to 1.10)

1.06 (0.99 to 1.14)

1.06 (1.01 to 1.11)

0.98 (0.86 to 1.13)

Associations between PDC and both mortality and ﬁrst hospitalizations were assessed in Cox models (1) overall, stratiﬁed by region, and (2) including interaction
terms for PDC frequency 3 region and PDC duration 3 region to provide region-speciﬁc estimates. All Cox models stratiﬁed by study phase; accounted for facility
clustering effects; and adjusted for age, sex, race, body mass index, 14 comorbid conditions, education, employment and living status, marital status, patientdoctor ratio, patient-staff ratio, hospital-based unit, Kt/V, treatment time, serum albumin, calcium, phosphorus, hemoglobin, and vascular access. Overall model
additionally stratiﬁed by region. PDC frequency models adjusted for continuous PDC duration, and PDC duration models adjusted for PDC frequency categories.
ANZ, Australia/New Zealand.

Variation in PDC frequency and duration across countries may be due to a variety
of factors, including differences in health
care delivery, variations in physician reimbursement, and cultural differences. In
the United States, for example, until recently, physicians received a ﬁxed, capitated
payment per month, but now payment
reﬂects visit frequency in a month, independent of the duration or the quality of the
contact. The fact that PDC frequency was
lower in facilities that treated patients with
more comorbid conditions suggests that the
organization of PDC may not necessarily be
determined by patients’ clinical needs. Use
of nonphysician practitioners may also account for the variations in PDC across
Figure 4. Association between total patient-doctor contact (PDC) time per month and countries. In the United Kingdom and
outcomes: Interaction with hospital-based facilities. Association of total PDC time per United States, nurse practitioners or physician
month with all-cause mortality and ﬁrst hospitalization is shown separately for hospital- assistants, who have completed advanced
based and non–hospital-based facilities. Total PDC time was calculated as the esti- education and training in the diagnosis and
mated typical frequency of PDC multiplied by the estimated duration of a typical
management of dialysis patients, serve as
interaction between the patient and physician. Among 24,498 DOPPS 1–3 patients,
physician extenders in the dialysis units.11,12
multivariable Cox models were stratiﬁed by region and study phase and adjusted for
age, sex, race, body mass index, years with ESRD, 14 comorbid conditions, living Additionally, the balance between human
arrangements, socioeconomic status, serum albumin, hemoglobin, serum phosphorus, resources and geographic factors may inserum calcium, Kt/V, duration of treatment, vascular access, and facility staff de- ﬂuence PDC patterns. In Australia and New
ployment. The interaction of PDC by facility type was much stronger for hospitalization Zealand, for instance, many renal centers
provide health care services at associated
(P=0.001) than for mortality (P=0.80).
satellite HD facilities in vast outlying areas
in Japan were more divergent and imprecise, probably reﬂecting of the country, and it may be difﬁcult to constantly allocate or
both a limited number of events and minimal within-country frequently dispatch physicians to these remote HD units.13
variation. PDC at Japanese facilities was typically identiﬁed as
Results from previous research have suggested that dialysis
high frequency and short duration (Figures 1 and 2).
unit stafﬁng patterns might inﬂuence patient mortality.4,5
1498
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Earlier studies also examined the relation between PDC and
outcomes, but data used in those analyses focused on frequency, not duration, of PDC.8–10 We provide new information extending results of previous studies and demonstrate
that both PDC frequency and duration, as well as total PDC
time, are associated with all-cause mortality. Assuming our
ﬁndings are valid, they suggest that more face-to-face encounters with physicians, whether more frequently or longer, may
contribute to better patient outcomes. Therefore, our ﬁndings
may have implications for both health policy and day-to-day
management of dialysis patients. More frequent and longer
PDC can allow for greater engagement of physicians with patients, additional opportunities for timely detection of new
medical problems, closer monitoring of clinical and laboratory data, greater opportunity for optimal disease management, and health education, with resultant potential for
greater patient satisfaction with care. HD patients usually receive renal replacement therapy thrice weekly, and nephrologists or dialysis doctors at HD units may serve as primary care
physicians for patients with ESRD.14 Despite advances in medical technology and evidence-based guidelines, many efforts to
improve health require signiﬁcant change in patient behavior.
These changes in behavior might involve reduction or elimination of destructive behaviors, promotion of healthier lifestyles, and adherence to medical regimens intended to treat
acute or chronic illness.15 Continuity in the provision of
PDC, a basic tenet of high-quality care, may increase the probability of successful changes in behavior.
A previous study showed that more frequent PDC was
positively associated with the achievement of clinical performance targets in HD care, focusing on serum albumin,
serum calcium phosphate product, dialysis dose (Kt/V),
vascular access type, and hemoglobin.9 The achievement
of these targets may directly or indirectly inﬂuence longterm outcomes; therefore, these ﬁndings are consistent
with our result that more PDC was associated with better
patient survival. These factors may be intermediate variables in the hypothesized causal pathway between PDC
and outcome.
On the other hand, an earlier study from the United States
reported that more frequent PDC was not associated with lower
mortality, although more frequent PDC was related to higher
patient satisfaction.8 These analyses were based on data from
735 patients (versus 24,498 patients in the present study), and
the statistical power may have been too low to detect a moderate effect of PDC on mortality. In fact, when we analyzed the
associations between PDC and mortality in each of the 12
countries, our effect estimates were imprecise for certain
countries because of the limited sample size and, in some
cases, minimal within-country variation in PDC (results not
shown). A recent study based on analysis of data from the
USRDS (n=130,892) also showed that PDC frequency, although associated with lower hospitalization, was not consistently associated with mortality.10 One potential explanation
for this unexpected result could be that the study targeted only
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one country, which may have less variability in practice patterns: Forty percent of dialysis patients were seen ,4 times
per month. In the DOPPS, the proportions of facilities with
PDC frequency ,4 times per month were 32% in the United
States and 16% in other countries (ranging from 0% in Germany to 87% in the United Kingdom). Additionally, in that
previous study, the investigators were unable to distinguish
between frequencies of 4 times per month and .4 times per
month (the intermediate and high groups in our study) because of limitations of the billing codes used as the data
source.10
The association between PDC frequency and mortality in
our study was monotonic (Table 3, model 4a). By dichotomizing the exposure variable and limiting the sample to patients in
the United States to approximate the methods of the previous
study,10 we observed that the adjusted HR for mortality associated with a frequency ,4 times per month was 1.08 (95% CI,
0.96 to 1.22) compared with $4 times per month; inversely,
the HR for mortality was 0.92 (95% CI, 0.82 to 1.04) in association with a frequency $4 times per month compared
with ,4 times per month in the patients from the DOPPS
in the United States. Slinin et al. reported a HR of 0.98 (95%
CI, 0.96 to 1.01) for $4 times per month compared with ,4
times per month.10 According to worldwide DOPPS data,
however, the adjusted mortality HR for ,4 times per month
was 1.08 (95% CI, 0.99 to 1.18) compared with $4 times per
month, which was consistent with the result of our main analysis using three PDC categories.
We also investigated the effect of these practices on hospitalization outcomes. This study suggests that, assuming our PDC
effects are valid, increasing PDC time by increasing frequency
and/or duration of PDC may decrease the rate of ﬁrst hospitalization. By reducing hospitalization, more frequent and
longer PDC therefore has the potential to lower the total cost
of care. At non–hospital-based facilities, total PDC time was
inversely associated with the rate of ﬁrst hospitalization; however, this was not the case at hospital-based facilities. One possible explanation is that patients at hospital-based facilities may
have been sicker than those at non–hospital-based facilities;
another is that PDC may have less effect on survival at hospitalbased facilities because patients have more contact with
other health care providers. The observation of contact time may
also be related to the geographic difference between hospitalbased and non–hospital-based facilities because hospital-based
facilities may dialyze inpatients in those facilities whereas non–
hospital-based facilities cannot. Other facility organization
types might also play an important role for PDC associated
with patient outcomes. Proﬁt status (not-for-proﬁt versus forproﬁt), for example, was reported to affect mortality.16 According to data from the DOPPS phase 3 (not available in phase 1
and 2), however, PDC frequency and duration were similar
regardless of proﬁt status in facilities in the United States and
those in other countries (data not shown).
We also examined the effect of PDC on kidney transplantation, but only trivial associations of PDC frequency and
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duration with higher kidney transplantation rate were found.
Kidney transplantation may improve the quality of life and
reduce the mortality risk for most patients with ESRD
compared with maintenance dialysis.17 However, the incidence of kidney transplantation, as a treatment of choice for
ESRD, largely depends on the cultural background and the
social support system in each country. Additionally, there
are a shortage of organs and a growing waiting list for kidney
transplantation worldwide. These factors may explain why
more frequent and longer PDC was not associated with a
higher kidney transplantation rate.
Despite its strengths—large sample size, international prospective cohort study, robust multivariable analyses to minimize confounding by indication, scientiﬁcally plausible and
potentially important results—key limitations of this work
should be recognized. First, data on PDC frequency and duration were based on the DOPPS Unit Practice Survey (UPS),
which was not completed in all DOPPS facilities (excluded
facilities shown in Table 1). The UPS was completed by the
facility nurse managers, and PDC frequency and duration reﬂected practice patterns at the facility in general and not the
experience of individual study participants. Not only could
those measures have been inaccurate assessments of typical
PDC frequency and duration in the facilities, but they also
do not capture the heterogeneity within facilities at the patient
level. However, the UPS data were reported not only at baseline but also during the study phase in order to assess whether
facility practice patterns changed during the phase. Additionally, frequency and duration of PDC were also reported in the
Medical Director Survey by medical doctors as well as in the
UPS so as to validate the accuracy of the reported data. The
level of agreement was very good in both cases, as described in
the Concise Methods section. Nevertheless, there still may
have been error in measuring average facility PDC, and the
unknown degree of within-facility heterogeneity represents
additional measurement error at the patient level. Thus, our
estimates of PDC effects may have been biased. The direction
of that bias is difﬁcult to predict; however, we would expect to
underestimate the effect of PDC if the error was random and
independent of other variables.
Second, our data did not detail the actions doctors actually
took during PDC, such as extent of rapport, methods of patient
counseling, thoroughness of physical examinations, and any
treatment modiﬁcations (e.g., in prescribed dialysis dose, treatment time, medications, quality of ﬂuid, and BP management).
The quality of PDC may be more relevant than its frequency or
duration for patient outcomes. In this regard, it may be important whether each dialysis patient is seen mostly by a single
physician or rotating physicians, which can inﬂuence the quality
of PDC. Although PDC in this study refers mainly to visits
occurring during HD treatments, physicians’ work also includes
non–face-to-face activities before and after the visits, such as
treatment planning, care coordination among other health care
professionals, medical record documentation, and communication with patient families. Variation in time spent on these
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non–face-to-face activities could also affect quality of care and
outcomes. In countries with low PDC time, such as Australia,
New Zealand, and the United Kingdom, regular PDC with a
nephrologist may also occur in a clinic setting separately from
the HD treatment. Furthermore, patients may have substantial
contact with their primary care physicians away from the dialysis facility. Variation in PDC time spent outside of the dialysis
facility may also have an effect on clinical outcomes of dialysis
patients. Future studies are needed to clarify the nature of PDC
(both direct and indirect) and what components of PDC are
associated with improved quality of care and patient outcomes
in HD units.
Third, this research focused on doctors’ contact with HD
patients but did not consider the contribution of other health
care professionals. Nonphysician practitioners, such as nurse
practitioners, advance practice nurses, dietitians, and social
workers, might visit patients more frequently in addition to,
or in lieu of, the physician visits, and they could inﬂuence
patient outcomes. Previous research has suggested that staffing patterns and multidisciplinary rounds may inﬂuence
patient survival.18,19 In our analyses, we adjusted for patientdoctor ratio and the patient–dialysis staff ratio at facilities, but
not for the quality of care by nonphysician staff. The quality of
contacts between patients and staff may also be more relevant
than its quantity. Future studies should delineate how contact
with other health care professionals contributes to patient outcomes in the dialysis unit.
Finally, because this is an observational study, our ability to
make causal inferences is also limited by the lack of randomization. Therefore, residual confounding due to unmeasured
or mismeasured confounders is a concern. It may be, for
example, that doctors see healthier patients more frequently or
spend more time with them than they do with patients in
poorer health, or that unmeasured quality-of-care practices
may have been associated with average facility patient-doctor
contact. However, randomized controlled trials cannot be
undertaken in all situations where evidence is needed to guide
care,20 and well-designed observational studies will continue to
remain invaluable tools for comparative effectiveness research in
the real-world setting.21 Despite the limitations, this study provides new and detailed information that is useful for dialysis
practice because randomized trials are difﬁcult to design and
execute.
In conclusion, results of this study demonstrated that both
frequency and duration of PDC at the time of hemodialysis
sessions varied appreciably across the 12 countries in the
DOPPS. More frequent and longer PDC, as estimated at the
facility level for a typical patient, was inversely associated with
all-cause mortality and time to ﬁrst hospitalization, adjusting
for an extensive set of patient and facility characteristics. The
physician’s role in the multidisciplinary team of health care
professionals in the dialysis facility is crucial for improving the
quality of HD care, and policies supporting more frequent and
longer duration of PDC may be an important means of improving HD patient outcomes.
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CONCISE METHODS
Data Source
This study was based on analyses of data from the DOPPS phase 1
(1996–2001), phase 2 (2002–2004), and phase 3 (2005–2008).
DOPPS is a prospective cohort study of HD practice patterns and
outcomes in 12 countries (Australia, Belgium, Canada, France,
Germany, Italy, Japan, New Zealand, Spain, Sweden, United
Kingdom, and United States).22 A nationally representative random
sample of dialysis facilities was selected and enrolled from each country. The overall design of the DOPPS has been published previously.23
Consent to collect anonymous patient information was obtained as
needed from the local or national ethics committees or institutional
review boards. Patient data were obtained for the DOPPS by medical
record abstraction. For these analyses, data on demographic factors,
comorbid conditions, and laboratory values were collected at study
entry (baseline) of each study phase.
Our analysis was based on data obtained from 24,498 patients from
778 facilities in the 12 countries. All eligible patients were at least 18
years of age and receiving maintenance HD for .90 days (“prevalent
cases”) at study entry. The typical frequency and duration of PDC and
other facility characteristics were reported by each DOPPS facility,
usually by a unit nurse manager, in the DOPPS UPS. They were
reported not only at baseline but also during the study phase in order
to assess whether facility practice patterns changed during the phase.
Among the 430 facilities in phases 1–2 in which PDC frequency was
reported during follow-up, approximately 1 year after baseline, the
level of agreement was very good (weighted k = 0.77). Additionally,
frequency and duration of PDC were reported in the Medical Director Survey by medical doctors as well as in the UPS to validate the
accuracy of the reported data. Among the 670 facilities in which PDC
frequency was reported by both the nurse manager and the medical
doctor, the level of agreement was very good (weighted k = 0.75).
Facility and patient data were excluded from the present study if the
facility did not report both frequency and duration of PDC at baseline. Among 930 facilities in DOPPS phases 1–3 (41,226 patients with
follow-up data), 886 (with 39,769 patients) completed a UPS. Fiftyfour of these facilities had missing or unknown PDC frequency, and
71 of these facilities had missing or unknown PDC duration (17 had
no information on either), leaving 778 facilities with 34,841 patients
with complete PDC information. We ﬁnally restricted the analysis to
24,498 patients in these 778 facilities with dialysis vintage .90 days.
The frequency of PDC was classiﬁed into three groups: (1) high
frequency (more than once per week), (2) intermediate frequency
(once per week), and (3) low frequency (less than once per week).
Duration of PDC (i.e., the duration of a typical interaction between
the patient and physician in each facility) was treated as a continuous
variable and as a categorical variable classiﬁed into three categories: (1)
long duration (.10 minutes), (2) intermediate duration (6–10 minutes), and (3) short duration (#5 minutes). Total PDC time (minutes
per patient per month) was estimated, not directly measured, as the
duration of a typical contact multiplied by the approximated number
of contacts per month and classiﬁed into three categories: (1) $60
minutes, (2) 30–59 minutes, and (3) ,30 minutes. To compare our
results with the recently published analysis of USRDS data,10 PDC

J Am Soc Nephrol 24: 1493–1502, 2013

CLINICAL RESEARCH

frequency was also dichotomized as 4 or more visits per month ($4
times per month) versus ,4 visits per month (,4 times per month).
This classiﬁcation was equivalent to a comparison of our high- and
intermediate-frequency groups with our low-frequency group.

Statistical Analyses
Standard descriptive statistics were used to describe PDC frequency and
duration at baseline among prevalent HD patients and their distributions across facilities. Patients enrolled in each phase were followed until
the end of the phase. Data on facility practice patterns, including
physician visits, were collected not only at baseline but also during the
follow-up period of the phase. Because the practice changes were
minimal, we used the baseline PDC as the exposure in this study rather
than a time-varying covariate approach. The association between the
percentage of high PDC frequency and the average typical PDC duration
in each country was assessed by Pearson correlation.
PDC was investigated as a primary predictor of all-cause mortality
and time to ﬁrst hospitalization for any reason during follow-up, using
three different measures: (1) PDC frequency, (2) PDC duration, and (3)
total PDC time. Cox regression was used to estimate the HR and 95%
CI, comparing patients with different amounts of PDC. Patients were at
risk from study entry until death (or ﬁrst hospitalization), kidney transplantation, 7 days after departure from the facility, loss to follow-up, or
the end of follow-up (whichever came ﬁrst). Cox models were stratiﬁed
by region and study phase, and PDC effects were adjusted for both
patient and facility characteristics. Patient characteristics were age, sex,
race, body mass index, years with ESRD, 14 summary comorbid conditions present at study entry (listed in Table 1), living arrangements
(living alone, with family, at nursing home), socioeconomic status
(education, employment, and marital status), serum albumin, hemoglobin, serum phosphorus, serum calcium, single pool Kt/V, duration
of treatment, and vascular access. Facility characteristics were staff deployment (patient-doctor ratio in a facility, patient–dialysis staff ratio
in a typical dialysis patient shift), and facility type (hospital-based
facility or non–hospital-based facility). Facility clustering effects were
taken into account with the robust sandwich variance estimator.24,25
Region-speciﬁc effects of PDC frequency and duration were additionally estimated in a Cox model, including PDC frequency 3 region and
PDC duration 3 region interaction terms. Logistic regression using
generalized estimating equations to account for facility clustering was
used to assess the association between PDC and kidney transplantation,
adjusted for country.
Using similarly adjusted Cox models, we assessed the association
between dichotomized PDC frequency and mortality, both overall and
restricted to DOPPS data from the United States. We also examined the
interaction between frequency and duration of PDC (using three
categories of frequency while modeling duration as a continuous
variable) to detect departure from multiplicative effects (i.e., heterogeneity of the HR for each variable over levels of the other variable).
Interactions were also examined between PDC and type of dialysis
facility (hospital-based or non–hospital-based).
Values were missing for several covariates in these analyses; the
proportion missing was ,10% for all covariates except for Kt/V (26%)
and albumin (13%). Assuming these data were missing at random,
missing covariate values were multiply imputed using the chained
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equation method26 by IVEWARE (IVEware: Imputation and Variance
Estimation Software, University of Michigan). Missing values were sequentially updated using a bootstrap or Markov chain Monte Carlo
method, based on multiple regression models with other variables as
covariates and accounting for the multilevel aspect of the data. This
procedure was carried out for 10 iterations, thereby constructing an
imputed data set. Results from ﬁve such imputed data sets were combined for the ﬁnal analysis using Rubin’s formula27 that was implemented in PROC MIANALYZE in SAS. All statistical analyses were
performed with SAS software, version 9.2 (SAS Institute, Cary, NC).
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