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Abstract
Background. Adiponectin (ADPN) levels are consistently
elevated among patients with advanced chronic kidney dis-
ease, but its relationship with cardiovascular outcomes in
this population remains controversial.
Methods. We measured baseline and yearly plasma ADPN
in 182 prevalent haemodialysis patients recruited to the
Haemodialysis (HEMO) Study from two Boston centres.
Plasma ADPN at baseline and during follow-up was studied
in relation to prevalent cardiovascular disease (CVD) and
cardiovascular and all-cause mortality.
Results. Baseline plasma ADPN levels were found to be
approximately twofold higher than in the general pop-
ulation and correlated inversely with (log-transformed)
CRP levels and (log-transformed) body mass index (BMI).
Levels measured over time showed a gradual increase
(0.95 µg/mL, 95% CI = 0.12–1.78 µg/mL; P = 0.03)
by year, although this difference became non-significant
after adjustment for covariates. Baseline ADPN levels were
lower among patients with pre-existing CVD (adjusted OR
of 0.67; P = 0.03). They also predicted all-cause mortal-
ity (P < 0.01) and the composite outcome of ‘cardiovas-
cular events/cardiovascular mortality’ (P < 0.01); levels
measured over time predicted the composite outcome of
‘cardiovascular events and all-cause mortality’ (P < 0.01).
These relationships were non-linear (quadratic) with the
hazard for each outcome increasing in the lower and upper
ranges of the distribution of ADPN, and strengthened after
adjustment for baseline covariates including serum albu-
min, CVD and the flux and dialysis dose categorization of
the HEMO study.
Conclusions. In summary, low plasma levels of ADPN
were associated with inflammation and pre-existing CVD;
ADPN levels predicted cardiovascular and mortality out-
comes, the relationship being extensively confounded by
multiple patient-related factors.
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Introduction

Adiponectin (ADPN) is a multifunctional adipokine with
favorable effects on glucose and lipid metabolism, insulin
resistance and inflammation, and has been shown to play
a protective role in experimental models of vascular injury
[1]. Levels are consistently elevated among patients with
chronic kidney disease (CKD) and end-stage renal disease
(ESRD) [2–4], despite which a markedly increased risk of
cardiovascular morbidity and mortality exists [5]. While
ADPN may be a potential modulator of cardiovascular risk,
both directly and through the metabolic processes that ele-
vate this risk, epidemiological evidence has not consistently
supported elevated levels being protective for adverse out-
comes. Given the multiplicity of biologic pathways im-
pacted upon by this adipokine extensive confounding in
differing subject populations, especially by other cytokine
responses, may be a major reason for varying results. More-
over, prior epidemiological studies have relied on single
measurements as a predictor of outcome and the potential
variability of ADPN over time in the context of an inflam-
matory state has not been explored.

We measured ADPN levels at study enrolment and an-
nually in a cohort of patients undergoing haemodialysis
(HD), who were enrolled into the baseline phase of the
NIH-sponsored HEMO study. We examined the ability of
ADPN levels at baseline and repeated over time to predict
prevalent and incident cardiovascular disease, as well as
cardiovascular and all-cause mortality.

Patients and methods

Subjects

The study cohort consisted of 182 patients with ESRD on
maintenance HD recruited to the baseline phase of the
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Haemodialysis (HEMO) Study from two Boston centres.
This ancillary study was approved by the Human Inves-
tigation Review Committee and all participants provided
written, informed consent.

The details of the NIH-sponsored HEMO Study have
been published elsewhere [6,7]. Briefly, this study, initiated
in 1995, was sponsored by the U.S. National Institute of
Diabetes, Digestive and Kidney Diseases, and was a multi-
centre, prospective, randomized clinical trial designed to
evaluate the effect of dialyzer urea and β2-microglobulin
clearances on morbidity and mortality. Eligible patients
were between the ages of 18 and 80 years, were receiv-
ing chronic HD three times per week, and had residual
renal urea clearance <1.5 mL/min/35 L of urea distribu-
tion volume. Patients in acute or chronic care hospitals,
with active malignancy, decompensated cardiac, hepatic, or
pulmonary disease, serum albumin <2.5 g/dL, pregnancy,
or a scheduled or recently (<6 months) failed transplant
were excluded. Eligible patients were randomly assigned
in a 1:1 ratio with a two-by-two factorial design to ei-
ther a standard dose (single-pool Kt/V of 1.25) or a high
dose (single-pool Kt/V of 1.65) goal and to dialysis with
either a low-flux (minimum values for ultrafiltration co-
efficient ≤14 mL/h/mmHg and first use β2-microglobulin
clearance <10 mL/min) or a high-flux dialyzer (minimum
values for ultrafiltration coefficient >14 mL/h/mmHg and
first use β2-microglobulin clearance >20 mL/min). The
planned follow-up ranged from 1 to 6.5 years depending on
the time of randomization.

Data procurement

Clinical data

Demographic, medical and socioeconomic information
were obtained in the baseline phase of the study. HD pre-
scription and monitoring of routine laboratory parameters
followed the protocol of the HEMO study. Comorbidities
were catalogued using the Index of Co-Existing Diseases
(ICED) [8]. The highest scores of IDS (Index of Disease
Severity) and IPI (Index of Physical Impairment) were com-
bined to create the ICED score, from 0 to 3 (0 indicating the
absence of disease and increasing values indicating the in-
creasing severity of the disease), and diabetes-related scores
were excluded from the final severity scores.

Characterization of vascular disease definition at baseline

Characterization of vascular disease definition at baseline
has been previously described [9]. Briefly, the IDS scores
for ischaemic heart disease (IHD), peripheral vascular dis-
ease (PVD) and cerebrovascular disease (CeVD) scores
were considered on a scale of 0–3. The presence of any
cardiovascular disease (CVD) was defined by the presence
of any grade of IHD, PVD or CeVD, and the extent of
atherosclerotic vascular disease by the total number of co-
existent vascular diseases in the individual patient was ex-
pressed as a numerical score of 0–3.

Mortality and cardiac outcomes during follow-up

The primary outcome was death from any cause (all-cause
mortality, ACM). Two secondary end points were as fol-
lows: time to a composite of the first hospitalization for
cardiac causes or death from cardiac causes (‘cardiovas-
cular event or cardiovascular mortality’, CVE/CVM), and
time to a composite of the first hospitalization for cardiac
causes or death from any cause (‘cardiovascular event or all-
cause mortality’, CVE/ACM). Hospitalization for cardiac
causes included those for angina, congestive heart failure,
myocardial infarction, arrhythmia, or other heart disease.
Cardiac death referred to deaths due to IHD, CHF, arrhyth-
mias or other heart disease. The composite outcomes there-
fore represented new onset cardiac hospitalization events as
well as cardiac death events. Use of ACM in the last com-
posite outcome maximized the number of events captured.
Both these composite outcomes were also the secondary
outcomes defined for the HEMO study [6].

Blood samples

Baseline blood samples were obtained pre-dialysis within
1 month of enrollment and follow-up blood samples at
yearly intervals (range ± 2 months to allow for intercurrent
illness or other causes for inability to provide a blood sam-
ple or with potential to alter plasma cytokine levels). Hep-
arinized blood samples (30 mL) were immediately placed
on ice, plasma separated within 30 min of sample collection,
aliquoted and stored at −80◦C. ADPN levels were mea-
sured using a commercially available enzyme immunoassay
kit (R&D Systems, Minneapolis, MN, USA). The coeffi-
cients of variation for intra- and inter-assay precision were
<5% and <7%, respectively. IL-6 levels were measured
using a high-sensitivity enzyme-linked immunosorbent as-
say (ELISA) (Quantikine

R©
HS human IL-6 assay, R&D

Systems, Minneapolis, MN, USA) with a lower limit of de-
tection for IL-6 of 0.094 pg/mL. C-reactive protein (CRP)
levels were measured using a high-sensitivity immunoas-
say (Hemagen Diagnostics Inc., Columbia, MD, USA). For
each individual patient, samples from each time-point were
analysed in the same assay. All samples for a given assay
were tested simultaneously, in duplicate and in appropriate
dilutions.

Statistical analysis

Analysis was performed using SAS software version 9.1.
Data were expressed as means and standard deviations for
continuous variables that were normally distributed and as
medians and ranges for non-normally distributed data. Log
transformation was carried out where appropriate [plasma
IL-6 and CRP levels, duration of HD and body mass index
(BMI)]. Categorical data were expressed as proportions.

The factors contributing to the variability of ADPN lev-
els were examined by linear regression for baseline ADPN
estimations and linear mixed regression models for ADPN
levels repeated over time. The latter incorporated random
effects to account for correlated observations on the same
subject and were robust to missing data. As multiple mea-
surements of plasma levels of CRP and IL-6 were also
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available at the same time points as plasma ADPN levels,
they were also included in the models as repeated measures.

The relationship between ADPN and prevalent CVD was
examined using logistic regression. Covariates included
age, gender, race (Caucasian versus African American),
diabetes, smoking history (current or past smokers ver-
sus non-smokers) and BMI (biomarkers of inflammation)
(plasma albumin, CRP and IL-6 levels). Serum cholesterol
was not evaluated in the final model, since observations
were unavailable for ∼15% of the cohort and its relationship
with vascular disease in ESRD is undetermined [10] (see ex-
planation below regarding handling of missing data). Ordi-
nal regression was used to examine the relationship between
plasma ADPN and the extent of vascular disease expressed
as an ordinal outcome with three categories (0, 1 and ≥2).

Cox proportional hazards regression was used to evaluate
the effect of plasma ADPN on cardiovascular and mortality
outcomes. Data were censored at the time of transplantation
but in keeping with the intention-to-treat principle of the
parent study, data were not censored when patients left
the study due to transfer to a non-participating centre or
alternative method of dialysis. The proportional hazards
assumption was tested using Schoenfeld residuals, a time-
varying coefficient model and by examination of log (-log
survival) curves for parallelism and was met for individual
covariates except diabetes. The same covariates outlined
above were explored in multivariate models in addition to
pre-existing vascular disease, and the dialysis dose and flux
grouping of randomization and the final models arrived
at by backward selection. As models obtained with and
without stratification by diabetes were similar, diabetes was
retained within the models. As there was significant non-
linearity in the relationship of ADPN with cardiovascular
and mortality outcomes, the functional form of ADPN was
tested by fitting parametric cubic splines with 3 degrees of
freedom while controlling for the covariates. Models with a
quadratic transformation of plasma ADPN provided a better
fit than models with the linear form, by comparison of the
Akaike information criterion, the � −2 log-likelihood, and
by analysis of Martingale residuals. The final models were
arrived at by backward selection of variables to limit the
number of variables and avoid over-fitting in the models.

A time-dependent model was used to examine the asso-
ciation between repeated measurements of plasma ADPN
and time for outcomes. In this analysis, the counting pro-
cess style of input was used, where multiple records were
created for each patient, one record for each distinct pattern
of the time-dependent measurements. If ADPN values were
missing for a given segment of time, the preceding ADPN
value was used as a predictor for the following segment of
time. As multiple measurements of plasma levels of CRP
and IL-6 were also available at the same time intervals, they
were included into the models as time-varying covariates, in
a similar fashion. The advantage of using time-dependent
Cox regression was the ability to predict survival while
allowing the covariate value to change over time.

In instances of missing values for baseline covariates
(serum cholesterol, plasma CRP and IL-6) the technique
of multiple imputations was applied. Logistic regression
models were re-run with imputed baseline data for vascular
disease as the outcome and Cox regression models were re-

run for the outcomes of ACM, CVE/CVM and CVE/ACM.
Estimates were compared to those from the models without
imputed data.

All tests were two-tailed and P-values <0.05 were con-
sidered significant. All confidence intervals were calcu-
lated at the 95% level.

Results

Plasma ADPN measurements of 182 patients were avail-
able of whom 176 patients were randomized, forming four
roughly equal groups by the 2×2 combinations of dialy-
sis dose and flux categories. The mean age of the cohort
was 62.2 ± 12.3 years, and median (IQR) duration of HD
was 2.1 (0.78, 4.94) years; 47% (85/182) were male, 58%
(105/182) Caucasian, 41% (75/182) diabetic, and CVD was
present in 66% (117/182). The mean (±SD) serum albumin
was 3.6 ± 0.34 g/dL (36.0 ± 4.0 g/L) and haematocrit (Hct)
33.0 ± 4.4%.

Baseline and annual plasma ADPN levels and patient
characteristics

The distribution of plasma ADPN levels at baseline was
normal with a mean of 17.2 ± 8.8 µg/mL (range 0.95–
57.7 µg/mL). Baseline plasma ADPN levels did not differ
by age, gender, race, number of years spent on HD, diabetes
or serum albumin (Table 1). However, they showed a weak
but significant inverse correlation to log-transformed CRP
levels (r = −0.15, P = 0.05) and log-transformed BMI
values (r = −0.15, P = 0.04) at baseline, both adjusted for
age, gender, race, number of years on HD and diabetes.

Figure 1 shows inter-quartile ranges for yearly plasma
ADPN. ADPN levels measured over time showed a grad-
ual increase (0.95 µg/mL, 95% CI = 0.12–1.78 µg/mL;
P = 0.03) by year, although this difference became non-
significant after the adjustment for covariates (Table 2).

Table 1. Baseline plasma ADPN levels in relation to patient and dialysis
characteristics

Patient characteristic n Mean ± SD (µg/mL) P-value

Gender
Male 85 16.8 ± 7.3 0.6
Female 97 17.5 ± 10.0

Race
Caucasian 105 16.8 ± 8.1 0.5
African-American 77 17.7 ± 9.8

Diabetes
No 107 17.6 ± 8.4 0.5
Yes 75 16.6 ± 9.4

Vascular disease
No 60 18.9 ± 10.2 0.06
Yes 117 16.2 ± 8.0

Smoker
No 83 16.5 ± 8.8 0.4
Yes 99 17.7 ± 8.8

Dialysis dose randomization
Standard dose 89 17.5 ± 9.8 0.6
High dose 87 16.8 ± 7.8

Dialysis membrane randomization
Low flux 91 17.6 ± 8.0 0.5
High flux 85 16.7 ± 9.7
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Fig. 1. Box plots of plasma ADPN levels measured annually, showing the number of patients with repeated measurements (ranging from two to five
or more) each year.

Table 2. Relationship of yearly plasma ADPN levels with time and other
patient and dialysis-related variables using a linear mixed regression model

Predictor Estimate 95% CI of estimate P

Lower Upper

Unadjusted
Year of study (per year) 0.95 0.12 1.78 0.02

Adjusteda

Year of study (per year) 0.68 −0.25 1.61 0.15
Sex (female) 3.00 0.45 5.49 0.02
BMI (kg/m2) −10.81 −17.10 −4.52 <0.001
IL-6 (per log increase) 1.26 0.35 2.17 0.007
CRP (per log increase) −0.84 −1.65 −0.04 0.04

aVariables in the model that did not reach significance: age, smoking,
diabetes, race, duration on HD and serum albumin, and the flux and dose
grouping of the parent study.

The multivariable analysis was adjusted for a random in-
tercept and included (a) the dialysis and flux randomiza-
tion of the parent study and (b) multiple measurements
of plasma levels of CRP and IL-6 that were also avail-
able at the same time intervals as plasma ADPN lev-
els. The model showed that women had higher levels
(3.0 µg/mL, 95% CI = 0.45–5.49 µg/mL) of ADPN over
time and each log increase in BMI was associated with a
10 µg/mL (95% CI = −17.10 to −4.52 µg/mL) decrease
in ADPN; however, there was no relationship with DM
or serum albumin. While each log increase in CRP levels
was associated with a 0.84 µg/mL (95% CI = −1.65 to
−0.04 µg/mL) decrease in plasma ADPN levels, each log
increase in IL-6 levels was associated with a 1.26 µg/mL
(95% CI = 0.35–2.17 µg/mL) increase when adjusted for
(log) CRP. A strong correlation was demonstrable between
(log) CRP and (log) IL-6 after similar accounting for cor-
related observations on the same subject (unadjusted Beta
= 0.48 per (log) IL-6; 95% CI 0.39–0.58).

Plasma ADPN and prevalent vascular disease

Plasma ADPN was lower among patients with prevalent
CVD and among patients with more extensive CVD (18.9
± 10.2 µg/mL in those without vascular disease and 16.8
± 9.3 and 15.6 ± 6.4 µg/mL in those with one and two or
more vascular systems involved, respectively; P = 0.13).
Although these unadjusted differences did not reach statis-
tical significance, Figure 2 shows the adjusted means that
differ significantly among patients with and without vascu-
lar disease and among patients with more extensive vascular
disease. The unadjusted logistic regression model showed
that one standard deviation increase in plasma ADPN was
associated with a 26% decrease in the odds for vascular
disease (OR = 0.74, 95% CI = 0.54–1.02). Progressive
adjustment for patient-related variables increased the
strength of the association providing an adjusted OR of
0.67 (95% CI = 0.46–0.96) forthe model without the ad-
justment for inflammatory markers. Adjustment for (log)
CRP weakened the association while the adjustment for
(log) IL-6 did not (Figure 3). This relationship was also
consistent for the extent of CVD tested using ordinal re-
gression. On univariate analysis, one standard deviation in-
crease in ADPN levels was associated with a 24% decrease
in the odds for more extensive vascular disease (OR = 0.76,
95% CI = 0.58–1.01). Again, progressive adjustment for
patient-related variables except (log) CRP levels increased
the strength of the association providing an adjusted OR of
0.70 (95% CI = 0.51–0.95).

Baseline plasma ADPN and relationship with mortality
and CVD outcomes

Information on survival and outcomes was available for 176
patients who underwent randomization. A total of 107 pa-
tients (61%) died, 36% (38/107) of all deaths were due
to cardiovascular causes and 86/176 (49%) had cardiac
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Fig. 2. Error bars (estimated mean ± SEM) ADPN levels among patients with and without clinical CVD and with increasing extent of clinical CVD.

Fig. 3. Odds ratio for a one-SD increase in plasma ADPN for prevalent
CVD for a univariate model and after sequential adjustment for covariates.
The multivariate analysis sequentially adjusted models for covariates as
follows: Model 1, unadjusted; Model 2, adjusted for age, gender, race and
duration on HD; Model 3, adjusted in addition for diabetes, (log)BMI,
serum albumin; Model 4, adjusted in addition for smoking; Model 5, ad-
justed in addition for (log)IL-6; Model 6, adjusted in addition for (log)CRP
but not (log)IL-6.

hospitalization events. The median overall survival was
1165 days (95% CI: 1010–1319) and overall actuarial sur-
vival in the cohort was 89% at 1 year, 69% at 2 years and
55% at 3 years. The median time of the composite out-
come of ‘cardiac hospitalization or cardiac death’ was 736
days (95% CI: 552–920) and number of events was 96/176
(55.0%). The median time of the composite outcome of
‘cardiac hospitalization or death from any cause’ was 599

days (95% CI: 475–723) and number of events was 126/176
(72.0%).

The relationship between plasma ADPN and all-cause
mortality was non-linear (test of linear hypothesis: P =
0.013 at 3 degrees of freedom) and the best fit was obtained
with a quadratic transformation. Although the relationship
between ADPN and mortality did not reach significance in
the unadjusted Cox regression model, progressive adjust-
ment for patient-related variables including inflammatory
markers, increased the strength of the association. A simi-
lar relationship was seen with the composite end points of
‘cardiac hospitalization or cardiac mortality’ (test of linear
hypothesis: P = 0.035 at 3 degrees of freedom) and ‘car-
diac hospitalization or all-cause mortality’ (test of linear
hypothesis: P = 0.008 at 3 degrees of freedom), the as-
sociation being strongest for the latter composite outcome
(Table 3, Figure 4).

The other variables that were independent predictors of
outcomes were plasma IL-6, older age, longer duration on
dialysis and a history of smoking. African American pa-
tients and those patients randomized to the high-flux limb
of the parent study had a lower risk of cardiovascular out-
comes.

Plasma ADPN measured over time and relationship with
mortality and CVD outcomes

The relationship of plasma ADPN measured over time,
with the composite outcome of ‘cardiac hospitalization
or all-cause mortality’ was also non-linear (test of linear
hypothesis: P = 0.04 at 1 degree of freedom). Here again,
the best fit was obtained with a quadratic transformation,
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Fig. 4. Estimated spline transformation and confidence interval for the relationship of increasing plasma ADPN levels with cardiovascular and mortality
outcomes, while controlling for covariates (the covariates shown to be significant in the adjusted models for each outcome in Table 3) showing that the
relationship between increasing levels of ADPN and outcomes is non-linear. The spline reflects only the non-linearity and not the actual magnitude of
the association for increasing ADPN levels scaled per SD.

and while the unadjusted Cox regression model did not
show a significant association between ADPN and the com-
posite outcome, progressive adjustment for patient-related
variables including inflammatory markers, increased the
strength of the association (Table 4). Plasma ADPN mea-

sured over time was a more powerful marker of this out-
come than either (log) CRP or (log) IL-6, both mea-
sured over time. Both (log) CRP and (log) IL-6, measured
over time, were also independent predictors of all-cause
mortality.
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Table 3. Univariate and multivariate Cox regression models for the relationship between baseline ADPN levels and outcomes. The final multivariable
models were arrived at by backward selection

Outcomes Death from any cause Cardiovascular hospitalization
event/cardiovascular death

Cardiovascular hospitalization
event/death from any cause

Predictor variable HR 95% CI P HR 95% CI P HR 95% CI P

Quadratic form Unadjusted analyses
ADPN levels (per SD)a 1.02 0.83–1.24 0.86 1.08 0.87–1.32 0.49 1.01 0.83–1.22 0.94
ADPN levels (per SD)b 0.71 0.45–1.12 0.14 0.73 0.44–1.21 0.22 0.68 0.43–1.08 0.10
ADPN ∗ ADPNb 1.07 0.99–1.16 0.07 1.08 0.99–1.17 0.09 1.08 1.00–1.17 0.06
Other covariates
Age (per year) 1.03 1.01–1.05 <0.01 1.03 1.01–1.05 <0.01 1.03 1.01–1.05 <0.01
Sex (versus male) 0.84 0.58–1.20 0.33 0.84 0.57–1.23 0.37 0.95 0.68–1.33 0.75
Race (versus AA) 1.31 0.91–1.90 0.15 2.03 1.35–3.04 <0.01 1.53 1.09–2.15 0.01
Duration on HD (years) (per log) 1.21 1.04–1.41 0.12 1.06 0.89–1.24 0.53 1.10 0.95–1.26 0.20
BMI (per log) 0.63 0.25–1.58 0.32 1.00 0.38–2.62 0.99 0.98 0.43–2.28 0.97
Diabetes 1.18 0.82–1.70 0.36 0.89 0.60–1.31 0.55 0.97 0.69–1.36 0.85
Smoking (versus never) 1.47 1.01–2.13 0.04 1.53 1.04–2.26 0.03 1.52 1.08–2.13 0.02
Vascular disease 1.56 1.02–2.37 0.04 1.75 1.13–2.71 0.01 1.61 1.11–2.33 0.01
Serum albumin (per g/dL) 0.74 0.43–1.28 0.28 1.02 0.59–1.76 0.96 0.98 0.61–1.58 0.94
Serum CRP levels (mg/dL) (per log) 1.18 1.02–1.37 0.03 1.15 1.00–1.33 0.06 1.15 1.01–1.30 0.03
Serum IL-6 levels (pg/mL) (per log) 1.24 1.05–1.46 0.01 1.15 0.97–1.36 0.11 1.13 0.98–1.31 0.10
Kt/V group (high versus standard) 1.03 0.72–1.48 0.88 1.19 0.81–1.75 0.38 1.22 0.87–1.71 0.25
Flux group (high versus low) 0.86 0.59–1.23 0.41 0.64 0.43–0.94 0.02 0.70 0.50–0.98 0.04

Final model adjusted for convariates
ADPN levels (per SD)b 0.44 0.26–0.73 <0.01 0.50 0.29–0.88 0.01 0.48 0.29–0.79 <0.01
ADPN ∗ ADPNb 1.16 1.07–1.27 <0.01 1.15 1.05–1.26 <0.01 1.15 1.05–1.25 <0.01
Age (per year) 1.04 1.02–1.07 <0.01 1.04 1.02–1.07 <0.01 1.04 1.02–1.06 <0.01
Race (versus AA) 1.70 1.08–2.67 <0.01
Duration on HD (years) (per log) 1.39 1.17–1.66 <0.01 1.26 1.04–1.53 0.02 1.33 1.13–1.57 <0.01
Smoking (versus never) 1.72 1.14–2.60 0.01 1.92 1.24–2.98 <0.01 1.92 1.30–2.83 <0.01
Serum IL-6 levels (pg/mL) (per log) 1.20 1.02–1.41 0.03
Flux group (high versus low) 0.58 0.37–0.89 0.01 0.53 0.36–0.77 <0.01

Tests of linear hypothesis at 3 degrees of freedom: ACM: P = 0.013; CVE/CVM: P = 0.035; CVE/ACM: P = 0.008.
aADPN shown as a linear term–without transformation of the variable.
bADPN shown as a quadratic (polynomial) term. The model requires the inclusion of both the lowest order term and the higher power (squared) terms.
This functional form of ADPN indicates that its effect on ACM or CVE/CVM or CVE/ACM varies at different values of ADPN. The negative coefficient
of the lower order term and positive coefficient of the squared term are consistent with the shape of the relationship being similar to an upright parabola
(see Figure 4).

Table 4. Time-dependent Cox regression for the relationship of ADPN levels measured over time with mortality and
cardiovascular outcomes. Multiple measurements of plasma CRP and IL-6 at the same time points were available and
included in the model as time-dependent covariates. The final multivariable models were arrived at by backward selection

Outcome variable All-cause mortality and cardiovascular events
Unadjusted Final model adjusted for covariates

Predictor variable HR 95% CI P HR 95% CI P

ADPN levels (per µg/mL)a 1.01 0.99–1.03 0.12
ADPN levels (per µg/mL)b 0.87 0.67–1.15 0.33 0.73 0.55–0.98 0.03
ADPN ∗ ADPNb 1.02 1.00–1.05 0.11 1.04 1.01–1.07 <0.01
Age (per year) 1.03 1.01–1.05 <0.01 1.04 1.02–1.06 <0.01
Sex (versus male) 0.95 0.68–1.33 0.75
Race (versus AA) 1.53 1.09–2.15 0.01
Duration on HD (years) (per log) 1.10 0.95–1.26 0.21 1.31 1.11–1.55 <0.01
BMI (per log) 0.99 0.63–2.28 0.97
Diabetes 0.97 0.69–1.36 0.85
Smoking (versus never) 1.52 1.08–2.13 0.02 1.69 1.16–2.47 <0.01
Vascular disease 1.61 1.11–2.33 0.01
Serum albumin (per g/dL) 0.98 0.61–1.59 0.94
Serum CRP levels (mg/dL) (per log)c 1.19 1.04–1.36 0.01
Serum IL-6 levels (pg/mL) (per log)c 1.21 1.03–1.41 0.02
Kt/V group (high versus standard) 1.22 0.87–1.71 0.25
Flux group (high versus low) 0.70 0.50–0.98 0.04 0.53 0.36–0.78 <0.01

aADPN shown as a linear term—without transformation of the variable.
bADPN shown as a quadratic term, with concomitant adjustment for the linear term.
cSeparate models were constructed with either CRP or IL-6 included. Except for their respective coefficients, estimates for
other covariates were similar.
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Sensitivity analysis for missing data

Plasma ADPN was available in 81% of patients at risk at
the end of the first year; 53% of patients at risk at the end
of the second year and 33% of patients at risk at the end
of the third year. Patients with missing values for annual
plasma ADPN measurements did not differ significantly
with regard to baseline variables from those with available
measurements. Morover, the model ensured that outcomes
at each interval depended upon the most recently preced-
ing plasma ADPN measurement. Further, the technique of
multiple imputations was used to impute values that were
missing at baseline for serum cholesterol (15%), plasma
CRP (3%) and IL-6 (1%). Logistic regression models were
re-run with imputed data for vascular disease as the outcome
and Cox regression models were re-run for the outcomes
of ACM, CVE/CVM and CVE/ACM. Estimates obtained
after inclusion of imputed values did not differ from the
original results.

Discussion

The present study confirms earlier reports that plasma
ADPN is elevated among patients with ESRD compared
to the general population. The results indicate that lower
baseline levels of plasma ADPN are independently asso-
ciated with both the presence and extent of pre-existing
vascular disease. ADPN levels at baseline predicted all-
cause mortality and the composite of ‘cardiovascular events
and cardiovascular mortality’. The association was further
supported by the significant association of repeated mea-
surements of ADPN levels over time with the composite
of ‘all-cause mortality and cardiovascular events’. A no-
table aspect of models incorporating ADPN levels was that
all the associations were extensively confounded by other
covariates and became stronger after adjustment. More-
over, the relationship of plasma ADPN with prospective
outcomes was non-linear (quadratic), the risk increasing
at extremes of the range of plasma ADPN concentrations.
Plasma ADPN was inversely related to BMI and plasma
CRP and women had higher levels over time, associations
noted previously in other studies [1,2]. However, unlike
plasma CRP that was inversely associated with ADPN,
plasma IL-6 and ADPN measured over time showed a posi-
tive correlation after adjusting for CRP. While this observa-
tion may be explained by the collinearity between CRP and
IL-6, it is pertinent that both ADPN and IL-6 are adipocyte-
derived products and their concordance could represent a
co-secretory response after accounting for the variability in
IL-6 levels that is represented by CRP.

Our findings point toward the conflicting literature relat-
ing ADPN levels to clinical outcomes. ADPN has a range of
physiological effects on insulin sensitivity and lipid profile,
as well as anti-atherogenic and anti-inflammatory proper-
ties [1]. Several epidemiological studies in the general pop-
ulation have shown that higher ADPN levels are associated
with a favorable cardiovascular risk factor profile [11]. In
the ARIC study, high ADPN levels in non-smokers and pa-
tients without inflammation were associated with reduced
risk of developing type II diabetes [12]. In the Health Pro-

fessionals Follow-Up Study, low levels of adiponectin were
associated with progression of coronary artery calcifica-
tion in diabetic and non-diabetic subjects [13] and higher
risk of incident coronary heart disease events in diabetic
and non-diabetic men [14,15]. Other studies have either
not concurred or shown contrary findings. No significant
relationship with cardiovascular outcomes was seen in the
Strong Heart Study, conducted in a large cohort of Ameri-
can Indians [16], and the British Women’s Heart and Health
Study, in a population-based sample of women [17]. Kistorp
et al. showed that high rather than low ADPN levels pre-
dicted mortality in a cohort of patients with chronic heart
failure, an association they ascribed to confounding from
cachexia [18]. Two other recent studies among patients with
coronary artery disease also identified elevated ADPN lev-
els as a marker of poor prognosis [19,20]. Among patients
with CKD, despite the presence of an insulin resistant state
and more adverse cardiovascular risk profile, plasma lev-
els of ADPN are consistently elevated [21,22]. Levels are
known to decrease after successful kidney transplantation
[23] suggesting a role for diminished renal clearance. A
compensatory response to inflammation and/or malnutri-
tion, or to down-regulation of the mechanisms that protect
against atherogenesis and a right-shift of the relationship,
cannot be excluded. Zoccali and colleagues showed that
lower ADPN levels were an independent predictor for the
composite outcome of fatal and non-fatal CVD events but
not for all-cause mortality among ESRD patients [2], an
association not observed in a smaller study by Diez et al.
[24]. Becker and colleagues found that lower ADPN lev-
els were associated with insulin resistance and prevalent
CVD among patients with CKD [25], as did Tentolouris
et al. [26]. However a recent study among CKD patients
in the Modification of Diet in Renal Disease (MDRD)
study showed a direct relationship between ADPN levels
and all-cause mortality, independent of underlying CVD,
metabolic risk factors, CRP and GFR [27]. Thus, despite the
existence of strong experimental evidence, prospective epi-
demiological studies have demonstrated inconsistent results
for a positive association between adiponectin and reduced
risk of CVD and/or associated mortality. Several explana-
tions exist for these conflicting results including population
characteristics (diabetes and CKD), case mix, confounding
influences of covariates including inflammation and nutri-
tional status, possibly, variants in the gene encoding ADPN
(ApM1, adipose most abundant gene transcript) [4] and
possible differential retention of the high-molecular-weight
ADPN isoform in kidney disease [28,29]. There are two cir-
culating forms of ADPN, a low-molecular-weight hexamer
and a high-molecular-weight complex of 12–18 subunits,
the latter being associated with biological activity which
may be differentially retained when GFR declines [33,34].
The ratio between these two forms also seems to deter-
mine the insulin sensitivity to thiazolidinedione treatment
[28,30]. Perhaps the contrary effects of different thiazo-
lidinediones (rosiglitazone versus pioglitazone), a class of
drugs that are known to increase ADPN levels, upon car-
diovascular outcomes may relate to differences in the ra-
tio between high- and low-molecular-weight isoforms [31–
33]. The present study highlights the likelihood that the
effects of ADPN on clinical variables may be extensively
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confounded given its role in a wide range of metabolic path-
ways. Our results also suggest that the relationship between
plasma ADPN and mortality outcomes may be non-linear
with a quadratic fit, suggesting that poor outcomes occur
with very low and very high ADPN levels, the latter pos-
sibly occurring as a cellular response to malnutrition and
declining BMI, or to pro-atherogenic inflammatory stimuli
that are associated with malnutrition [34,35]. Indeed ADPN
was a more powerful predictor of outcomes than either CRP
or IL-6. The finding of the inverse correlation between
ADPN levels and BMI and CRP lends further support to this
argument.

The strengths of our study included a fairly representa-
tive cohort of stable HD patients with long-term follow-up
and detailed and accurate ascertainment of both baseline
variables and outcomes. We believe that this is the very
first study that measured ADPN at repeated time points
during longitudinal observation and the only one using
ADPN as a time-dependent covariate. Multiple measure-
ments of plasma ADPN, CRP and IL-6 were available,
and appropriate modeling approaches allowed us to exam-
ine their relative strengths as prognostic markers, as well
as examine the independent effect of ADPN on outcomes
after accounting for markers of the inflammatory state at
baseline as well as over time. We have previously reported
associations between plasma IL-6 and outcomes with both
single and repeated measurements [36] underscoring the
robustness of these associations. However the study was a
secondary analysis on a cohort of prevalent, albeit relatively
stable chronic haemodialysis patients enrolled in an inter-
ventional study; hence it may not be representative of the
overall haemodialysis population. A similar criticism may
also be applied to other studies [27] and underscores the
context dependence of the effect of ADPN on outcomes.
As fasting samples were unavailable in the HEMO study,
insulin resistance could not be assessed. To offset any bias
that may have occurred due to missing data, we applied
mixed models and time-dependent analyses, and used the
statistical technique of multiple imputations to impute miss-
ing values for baseline covariates. Estimates obtained after
inclusion of imputed values did not differ from the original
results.

In summary, we found a significant relationship be-
tween plasma ADPN and CVD and mortality outcomes
in a cohort of HD patients, the relationship becom-
ing apparent and stronger after the extensive confound-
ing by multiple patient-related factors was accounted for.
The non-linearity of the relationship suggests that there
may be lower and upper thresholds defining an opti-
mal range of levels associated with improved outcomes.
The clinical utility of plasma ADPN measurements and
the therapeutic potential of increasing ADPN or iso-
form concentrations by pharmacological intervention [21–
23] is thus likely to be extremely complex and context
sensitive.
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