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Rationale & Objective: Cardiovascular disease is
the major cause of mortality and morbidity in peri-
toneal dialysis (PD) patients. Adiponectin, a key
adipokine, is related to obesity and insulin resis-
tance. We determined the clinical and prognostic
value of plasma adiponectin level and its adipose
tissue messenger RNA (mRNA) expression in new
PD patients.

Study Design: Retrospective analysis of a pro-
spective observational study.

Setting & Participants: 152 new PD patients from
a single center; 6 adults undergoing abdominal
surgeries without kidney disease served as controls.

Predictors: Plasma adiponectin level and its adi-
pose tissue mRNA expression.

Outcomes: Body build and composition, patient
and technique survival.

Analytical Approach: Adiponectin level and
mRNA expression were grouped in quartiles for
correlation analysis for body build and Cox
regression for survival analysis.

Results: The median plasma adiponectin level
was 31.98 μg/mL (IQR, 16.81-49.49 μg/mL),
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and adiponectin mRNA expression in adipose
tissue was 1.65 times higher than in controls
(IQR, 0.98-2.63). There was a modest but sta-
tistically significant correlation between plasma
adiponectin and its adipose tissue mRNA
expression (r = 0.40, P < 0.001). Plasma adipo-
nectin level inversely correlated with body mass
index, waist-hip ratio, mid-arm circumference,
adipose tissue mass, plasma triglyceride (r = -
0.39, -0.38, -0.41, -0.38, and -0.30,
respectively; P < 0.001 for all), as well as serum
insulin level (r = -0.24, P = 0.005). Similar
correlations were present but less marked with
adipose tissue adiponectin mRNA level. Neither
plasma adiponectin level nor adipose tissue
adiponectin mRNA level predicted patient or
technique survival.

Limitations: Observational study, single center,
single baseline measurement.

Conclusions: Plasma adiponectin level correlated
with the degree of adiposity in new PD patients.
However, neither plasma adiponectin level nor its
adipose tissue mRNA expression was an inde-
pendent prognostic indicator in kidney failure pa-
tients newly started on PD.
Peritoneal dialysis (PD) is a life-saving home-based
kidney replacement therapy.1,2 In the era of the

coronavirus disease 2019 pandemic, PD has the distinct
advantages of allowing home-based self-care, having
simple equipment, and minimizing staff costs.3,4 With the
advances in dialysis technology and reduction in perito-
nitis rate, cardiovascular disease (CVD) has become the
major cause of mortality and morbidity in PD patients.5 In
addition to the high prevalence of traditional cardiovas-
cular risk factors in PD patients, the role of obesity as a
non-traditional CVD risk factor has been increasingly
recognized.

Obesity is common in the general population6,7 as well
as kidney failure patients newly started on PD,8 and weight
gain is common in prevalent PD patients.9 There is a
wealth of literature to support that obesity is a risk factor of
mortality and technique failure in PD.10,11 Obesity may
adversely affect the outcome of PD patients because of
inadequate dialysis dosage12 or new-onset diabetes.8 In
addition, the relation between obesity and the outcome of
dialysis patients further shed light on the pathogenic
process of CVD. In the past decade, it was increasingly
recognized that adipose tissue is not an inert store of lipids,
but an active endocrine and metabolic organ that con-
tributes to the systemic inflammatory state by producing
various adipokines with distant effects.13,14

Adiponectin is the major adipokine that is involved in
regulating glucose levels and fatty acid breakdown15 and
has been explored as a potential clinical biomarker. For
example, plasma adiponectin level correlated inversely
with insulin resistance and serum triglyceride level in non-
diabetic patients16 but positively with insulin sensitivity
and high-density lipoprotein cholesterol levels, and it was
a powerful risk marker of incident prediabetes in patients
with parental history of diabetes.17 In chronic kidney
disease patients, plasma adiponectin level was an inde-
pendent predictor of cardiovascular mortality.18 However,
the prognostic role of adiponectin in the PD population has
not been specifically studied. Furthermore, most of the
previous studies examined the circulating adiponectin
level, which represents both the adiponectin secretion
capacity of each adipocyte in combination with the total
body adipose tissue mass. Because PD is typically associated
with extra glucose load, truncal obesity, and visceral
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PLAIN-LANGUAGE SUMMARY
Cardiovascular disease (CVD) is the major cause of
mortality and morbidity in peritoneal dialysis (PD)
patients. Non-traditional risk factors play an important
role in the pathogenesis of CVD in PD patients. Adi-
ponectin, a key adipokine, is related to obesity and
insulin resistance and may be an important non-
traditional CVD risk factor in PD. We explored the
prognostic roles of plasma adiponectin level and its
messenger RNA (mRNA) expression in adipose tissue in
incident PD patients. We found that plasma adiponectin
level, and to a lesser extent its adipose tissue mRNA
expression, correlated with the degree of adiposity in
incident PD patients. However, neither plasma adipo-
nectin level nor its adipose tissue mRNA expression was
an independent predictor of patient or technique
survival.
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adiposity, the local paracrine effect of adiponectin may be
better represented by the adipose messenger RNA (mRNA)
expression rather than its circulating level. In the present
study, we explored the different prognostic roles of plasma
adiponectin level and adipose tissue adiponectin mRNA
expression level.
METHODS

Overall Design

We performed a retrospective analysis of a prospective
observational study. The original prospective cohort study
recruited 167 consecutive incident PD patients in our
center from January 2011 to December 2013; it aimed to
examine the correlation between adipokines and CVD and
was approved by the Joint Chinese University of Hong
Kong – New Territories East Cluster Clinical Research
Ethics Committee (Reference Number CREC-2008.554).
In the study, we excluded 15 patients from the original
cohort because of insufficient samples for adiponectin
measurement, and 152 patients were studied. All study
procedures were in compliance with the Declaration of
Helsinki.

After obtaining written informed consent, 1-2 g of
subcutaneous and pre-peritoneal adipose tissue samples
were obtained during mini-laparotomy for PD catheter
insertion. Plasma adiponectin level was measured at the
same time. The subcutaneous and pre-peritoneal adipose
tissues of 6 patients without kidney disease but who
required abdominal surgery were used as controls. All
adipose tissue specimens were processed immediately and
stored at -80�C. Four weeks after the patients were stabi-
lized on PD, we performed routine biochemical tests,
peritoneal equilibration test, arterial pulse wave velocity
study, anthropometric measurement and multi-frequency
bioimpedance study for body build, dialysis adequacy,
2

and nutritional assessment. Charlson’s comorbidity index
was computed as previously described.19 Plasma and PD
effluent specimens were also collected at this time for
other biochemical analyses.

Adipose Tissue Adiponectin mRNA Expression

Total RNA was extracted from the adipose tissue specimen
with the miRNeasy Mini Kit (Qiagen). Reverse transcrip-
tion was performed with the Invitrogen Complementary
DNA Synthesis Kit and SuperScript IV VILO Master Mix
(both from ThermoFisher Scientific) according to the
manufacturers’ instructions. Adiponectin mRNA expres-
sion in the adipose tissue was measured by real-time
quantitative polymerase chain reaction using the Applied
Biosystems Step One Plus system. Commercially available
TaqMan primers and probes, including 2 unlabeled poly-
merase chain reaction primers and 1 fluorescein amidite
dye-labeled TaqMan minor groove label probe, were used
(all from Applied Biosystems). Phosphoglycerate kinase-1
was used as the housekeeping gene because of its stable
expression in human adipose tissue.20 The expression of
adiponectin mRNA was compared to that of the adipose
tissue from 6 individuals with no kidney disease. All
samples were performed in triplicate. The results were
analyzed with the Sequence Detection Software v2.0
(Applied Biosystems). The ΔΔCT method for relative
quantitation was used.21

Plasma Adiponectin Levels

Plasma adiponectin level was measured by a commercially
available enzyme-linked immunosorbent assay kit (Adi-
ponectin Human Enzyme-Linked Immunosorbent Assay
Kit, Invitrogen), following the manufacturer’s in-
structions. All assays were performed in duplicate. The
detection limit of adiponectin was 0.012 ng/mL; the inter-
assay coefficient of variation was 3.1%.

Study of Peritoneal Transport

The standard peritoneal permeability test was performed
by the method of Twardowski and has been described
previously.22 In this study, dialysate-to-plasma ratios of
creatinine at 4 hours were calculated after correction for
glucose interference. Mass transfer area coefficients of
creatinine normalized for body surface area were calcu-
lated using a standard formula.23 Body surface area was
determined using the formula of Gehan and George.24

Anthropometric Measurements

Four weeks after the patients were stable on PD, we per-
formed standard anthropometric measurements and
recorded their body weight, body mass index (BMI), waist
circumference, hip circumference, mid-arm circumfer-
ence, and triceps and subscapular skinfold thickness. BMI
was computed by the conventional formula and catego-
rized according to the Asia Pacific version of the World
Health Organization classification,25,26 ie, BMI <18 kg/m2

for underweight; between 18 and 22.9 for normal weight;
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Figure 1. Distribution histogram of (A) plasma adiponectin level, and (B) adipose adiponectin mRNA expression. Abbreviation:
mRNA, messenger RNA.
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between 23 and 24.9 for marginal overweight; between
25 and 29.9 for overweight; and >30 for obesity. The
method of anthropometric measurement has been
described previously.27 In essence, waist circumference
was defined as the measurement taken around the
abdomen at the level of the iliac crest at the end of a
normal expiration; hip circumference was defined as the
measurement taken around the abdomen at the level of
maximum posterior extension of the buttocks. The waist-
hip ratio was computed accordingly. Mid-arm circumfer-
ence was defined as the circumference of the arm at the
midpoint between shoulder and elbow. Triceps skinfold
thickness was measured on the right arm halfway between
the olecranon process of the elbow and the acromial
process of the scapula; subscapular skinfold thickness was
measured 2 cm below the inferior angle of the scapular.
Dialysis Adequacy and Nutritional Status

The method of dialysis adequacy assessment has been
described previously.28 In essence, 24-hour urine and
dialysate collection was performed for the calculation of
the total Kt/V. Residual kidney function was represented
by the residual glomerular filtration rate (GFR), which was
calculated as the average of 24-hour urinary urea and
creatinine clearances.29 Nutritional status was represented
by serum albumin level, subjective global assessment
score, comprehensive malnutrition-inflammation score,
normalized protein nitrogen appearance, and fat-free
edema-free body mass. For subjective global assessment,
the 4-item 7-point scoring system validated in PD patients
was used.30 The calculation of malnutrition-inflammation
score included 10 items, each scored from 0 to 3, with a
total score of 30.31 Normalized protein nitrogen appear-
ance was calculated by the modified Bergstrom’s for-
mula.32 Fat-free edema-free body mass was determined by
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the creatinine kinetic method according to the formula
described by Forbes and Brunining33 and presented as the
percentage of ideal body weight.

Multi-frequency Bioimpedance Spectroscopy Study

We used the multi-frequency device (Body Composition
Monitor, Fresenius Medical Care) as described previ-
ously.34,35 In this study, we analyzed the data on lean
tissue mass, adipose tissue mass, the volume of over-
hydration, and extracellular-to-intracellular volume ratio.

Arterial Pulse Wave Velocity Study

Arterial pulse wave velocity was measured with an auto-
matic computerized recorder and analyzed using the Com-
plior @ SP program (Artech Medical) by the method
described previously.36 In the present report, we computed
the carotid-radial and carotid-femoral pulse wave velocity.

Clinical Outcome

After the initial assessment, all patients were followed for
up to 5 years. During the follow-up period, the clinical
management was decided by an individual clinician and
not affected by the study. The primary outcomes were
patient survival and technique survival. For patient sur-
vival, recovery of kidney function, loss to follow-up, and
transfer to other dialysis centers were censored, while
conversion to long-term hemodialysis and kidney trans-
plant were taken as competing events. For the analysis of
technique survival, patient death and kidney transplant
were taken as competing events, while recovery of kidney
function, loss to follow-up, and transfer to other dialysis
centers were censored. Secondary outcome measures of
this study included peritonitis rate, number of hospital
admissions, duration of hospital stay, and the rate of re-
sidual kidney function decline.
3



Table 1. Baseline Demographic and Clinical Characteristics According to Plasma Adiponectin Level Quartile

Plasma Adiponectin Quartile Overall I II III IV P
No. of patients 152 38 38 38 38
Adiponectin
Plasma level (μg/mL) 38.45 ± 28.44 11.0 ± 3.2 23.8 ± 4.7 39.4 ± 5.4 76.6 ± 27.3 <0.001
Adipose mRNA (folds
to control)

1.81 ± 1.11 1.4 ± 0.7 1.4 ± 0.9 2.0 ± 1.0 2.5 ± 1.4 <0.001

Age (y) 58.38 ± 11.67 59.0 ± 10.3 56.4 ± 14.1 58.4 ± 10.1 59.9 ± 11.7 0.62
Sex, no. of patients (%) 0.002
Male 102 (67.1%) 28 (73.7%) 21 (55.3%) 26 (68.4%) 27 (71.1%)
Female 50 (32.9%) 10 (26.3%) 17 (44.7%) 12 (31.6%) 11 (28.9%)

Body weight (kg) 66.7 ± 14.3 73.3 ± 13.1 68.4 ± 16.8 64.1 ± 13.0 60.7 ± 10.7 0.001
Body mass index (kg/m2) 24.8 ± 4.12 26.7 ± 3.5 26.1 ± 5.2 23.8 ± 3.5 22.8 ± 3.1 <0.001
Blood pressure (mm Hg)
Systolic 140.3 ± 18.7 138.2 ± 22.8 137.3 ± 17.7 143.8 ± 16.5 141.5 ± 17.4 0.42
Diastolic 75.9 ± 12.8 73.8 ± 13.0 76.0 ± 10.7 75.6 ± 11.4 78.2 ± 15.9 0.57

Primary kidney disease, no. of
cases (%)

0.41

Diabetes mellitus 76 (50.0%) 19 (50.0%) 22 (57.9%) 21 (55.3%) 14 (36.8%)
Hypertension 14 (9.2%) 4 (10.5%) 2 (5.3%) 6 (15.8%) 2 (5.3%)
Glomerulonephritis 31 (20.4%) 9 (23.7%) 8 (21.1%) 5 (13.2%) 9 (23.7%)
Polycystic kidney disease 3 (2.0%) 0 1 (2.6%) 0 2 (5.3%)
Urological 6 (3.9%) 0 1 (2.6%) 3 (7.9%) 2 (5.3%)
Others 2 (1.3%) 0 0 1 (2.6%) 1 (2.6%)
Unknown 20 (13.2%) 6 (15.8%) 4 (10.5%) 2 (5.3%) 8 (21.1%)

Comorbid conditions, no.
of cases (%)
Diabetes mellitus 92 (60.5%) 28 (73.7%) 23 (60.5%) 21 (55.3%) 20 (52.6%) 0.26
Ischemic heart disease 40 (26.3%) 13 (35.1%) 12 (31.6%) 7 (18.4%) 8 (21.1%) 0.30
Cerebrovascular accident 28 (18.4%) 8 (21.6%) 8 (21.1%) 7 (18.4%) 5 (13.2%) 0.83
Peripheral vascular disease 12 (7.9%) 3 (8.1%) 5 (13.2%) 0 4 (10.5%) 0.09

Charlson’s comorbidity score 6.2 ± 2.5 6.7 ± 2.5 6.3 ± 2.8 5.6 ± 2.5 6.1 ± 2.3 0.30
Anthropometry
Waist circumference (cm) 88.8 ± 11.6 94.6 ± 9.9 90.1 ± 13.3 86.8 ± 10.3 84.1 ± 10.2 0.001
Hip circumference (cm) 95.6 ± 9.1 98.7 ± 6.7 96.6 ± 12.7 94.1 ± 7.7 93.1 ± 7.2 0.05
Waist-hip ratio 0.93 ± 0.07 0.96 ± 0.07 0.93 ± 0.08 0.92 ± 0.06 0.90 ± 0.06 0.005
Mid-arm circumference (cm) 25.9 ± 3.0 27.6 ± 2.2 26.4 ± 3.7 25.1 ± 2.8 24.4 ± 2.3 <0.001
Triceps skin fold (cm) 9.8 ± 3.7 10.5 ± 3.9 11.5 ± 3.6 9.0 ± 3.2 8.3 ± 3.5 0.001
Subscapular skin fold (cm) 11.5 ± 4.8 11.6 ± 5.3 11.3 ± 4.6 11.7 ± 4.9 11.2 ± 4.6 0.96

Other nutritional indices
Subjective global assessment 5.3 ± 0.9 5.3 ± 0.8 5.5 ± 0.6 5.0 ± 1.0 5.6 ± 1.0 0.15
Malnutrition-inflammation score 6.7 ± 3.6 6.5 ± 3.9 6.6 ± 3.9 7.1 ± 3.4 6.2 ± 3.5 0.91
Abbreviation: mRNA, messenger RNA.
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Statistical Analysis

Statistical analysis was performed using SPSS for Windows
software version 25.0 (IBM). The normality of data dis-
tribution was checked with the Shapiro-Wilk Test. Sum-
mary statistics were described as frequency (%) for
categorical variables and mean ± standard deviation or
median (interquartile range [IQR]) for continuous vari-
ables as appropriate. Demographic and clinical data were
compared among patient quartiles of plasma adiponectin
level by analysis of variance and χ2 test as appropriate.
Correlation between variables was explored using Spear-
man’s rank correlation coefficient. Because the distribu-
tions of plasma adiponectin level and its adipose tissue
4

mRNA expression were both skewed (Fig 1), they were
grouped into quartiles for outcome analysis. Survival rates
were represented by Kaplan–Meier survival curves and
analyzed by the univariate Cox regression between adi-
ponectin level quartiles. The multivariable Cox propor-
tional hazards models were then used to adjust for
potential confounders. In addition to the plasma adipo-
nectin level or adipose tissue adiponectin mRNA expres-
sion, age, Charlson’s comorbidity score, serum albumin,
malnutrition-inflammation score, total weekly Kt/V, re-
sidual GFR, baseline BMI, normalized protein nitrogen
appearance , and adipose tissue mass were included for the
construction of the Cox regression models. These
Kidney Med Vol 5 | Iss 3 | March 2023 | 100589



Table 2. Baseline Nutrition and Biochemical Parameters According to Plasma Adiponectin Level Quartile

Plasma Adiponectin Quartile Overall I II III IV P
No. of patients 152 38 38 38 38
Baseline blood result
Hemoglobin (g/dL) 8.94 ± 1.20 9.02 ± 1.57 9.12 ± 1.05 8.75 ± 1.20 8.89 ± .92 0.59
Albumin (g/L) 35.28 ± 4.42 36.53 ± 4.07 37.10 ± 2.97 34.01 ± 5.28 33.54 ± 4.03 <0.001
Total cholesterol (mmol/L) 4.53 ± 1.21 4.19 ± 1.24 4.61 ± 1.13 4.56 ± .97 4.75 ± 1.47 0.27
Triglyceride (mmol/L) 1.52 ± 0.86 1.67 ± .89 1.85 ± 1.11 1.44 ± .66 1.13 ± 0.56 0.003
LDL cholesterol (mmol/L) 2.59 ± 1.04 2.37 ± 1.03 2.65 ± .89 2.63 ± .82 2.70 ± 1.37 0.57
HDL cholesterol (mmol/L) 1.26 ± 0.39 1.06 ± 0.30 1.12 ± .34 1.28 ± .31 1.56 ± 0.41 <0.001

Total Kt/V 2.05 ± 0.63 2.04 ± 0.65 2.28 ± 0.76 2.00 ± 0.50 1.87 ± 0.54 0.07
Residual GFR (mL/min/1.73 m2) 3.96 ± 2.67 4.95 ± 2.64 4.34 ± 2.96 3.47 ± 2.53 3.01 ± 2.10 0.02
Peritoneal transport characteristics
D/P4 0.69 ± 0.12 0.66 ± 0.10 0.71 ± 0.13 0.69 ± 0.11 0.70 ± 0.14 0.26
MTAC (mL/min/1.73 m2) 10.91 ± 5.04 8.63 ± 2.66 12.35 ± 6.29 10.87 ± 4.99 11.86 ± 4.86 0.01

NPNA (g/kg/day) 1.13 ± 0.24 1.20 ± 0.23 1.20 ± 0.28 1.06 ± 0.20 1.05 ± 0.22 0.01
FEBM (%) 40.48 ± 13.05 36.73 ± 10.67 41.90 ± 16.43 39.34 ± 9.32 44.39 ± 14.23 0.12
Bioimpedance spectroscopy
Over-hydration (L) 4.53 ± 3.25 4.10 ± 2.89 4.22 ± 3.14 4.63 ± 4.12 5.19 ± 2.53 0.52
E:I ratio 1.01 ± 0.17 1.00 ± 0.18 1.02 ± 0.18 1.00 ± 0.19 1.04 ± 0.15 0.81
Lean tissue mass (kg) 41.41 ± 10.98 43.67 ± 8.98 40.86 ± 13.81 40.89 ± 11.29 40.32 ± 8.89 0.6
Adipose tissue mass (kg) 20.04 ± 11.13 25.00 ± 11.20 23.04 ± 13.23 17.47 ± 8.74 14.34 ± 7.26 <0.001

Pulse wave velocity (cm/s)
Carotid-radial 10.51 ± 1.35 10.27 ± 1.22 10.62 ± 1.60 10.62 ± 1.16 10.49 ± 1.42 0.69
Carotids-femoral 11.44 ± 2.35 10.88 ± 1.93 11.49 ± 2.57 11.57 ± 2.15 11.76 ± 2.69 0.49
Abbreviations: D/P4, dialysate-to-plasma creatinine concentration at 4 h; E:I ratio, extracellular-to-intracellular volume ratio; FEBM, fat-free edema-free lean body mass;
GFR, glomerular filtration rateHDL, high-density lipoprotein; LDL, low-density lipoprotein; MTAC, mass transfer areas coefficient of creatinine; NPNA, normalized
protein nitrogen appearance.
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parameters were included because of their reported
prognostic role on PD patients or significant difference
between plasma adiponectin level quartiles. Backward
stepwise analysis was applied to remove insignificant
variables. A value of P < 0.05 was considered statistically
significant. All probabilities were 2-tailed.
RESULTS

We evaluated 152 new PD patients. Their average age was
58.38 ± 11.67 years; 102 patients (67.1%) were men, and
92 (60.5%) had diabetes. The baseline median plasma
level of adiponectin was 31.98 μg/mL (IQR, 16.81-
49.49 μg/mL), and adipose tissue mRNA expression were
1.65 fold of control (IQR, 0.98-2.63 fold). There was a
modest but statistically significant correlation between
plasma adiponectin level and adipose tissue adiponectin
mRNA expression (r = 0.40, P < 0.001), and the correla-
tion was only marginally better when plasma adiponectin
level was adjusted by the adipose tissue mass (r = 0.40,
P < 0.001). The baseline demographic, clinical, and
biochemical characteristics of the patients are grouped by
the plasma adiponectin level quartile and summarized in
Table 1 and Table 2, respectively.

Relation with Clinical Parameters

There were modest but statistically significant correlations
between plasma and adipose tissue adiponectin levels and
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adipose tissue mass, body anthropometric parameters, and
serum lipid profile (Table 3). Plasma adiponectin level,
and to a lesser extent adipose tissue adiponectin mRNA
level, inversely correlated with measures of adiposity,
including adipose tissue mass by bioimpedance spectros-
copy, BMI, waist and hip circumferences, triceps skinfold
thickness, and plasma triglyceride level (Table 3). Plasma
adiponectin level, but not its adipose tissue mRNA
expression, had a modest but statistically significant cor-
relation with serum albumin level, residual GFR, normal-
ized protein nitrogen appearance, and mass transfer area
coefficients. Among patients with diabetes, adipose tissue
adiponectin expression, but not plasma adiponectin level,
had a modest but significant correlation with hemoglobin
A1C level (r = -0.21, P = 0.01). Both plasma adiponectin
level (r = -0.24, P = 0.005) and adipose tissue adiponectin
mRNA expression (r = -0.18, P = 0.03) had modest in-
verse correlations with baseline serum insulin level.

Patient and Technique Survival

During the follow-up period, 90 patients died, 17 patients
were switched to long-term hemodialysis, 15 patients had
kidney transplantation, and 6 patients were transferred to
other centers. The causes of death were ischemic heart
diseases (23 patients), cerebrovascular accidents (9 pa-
tients), sudden cardiac arrest (5 patients), peritonitis (10
patients), non-peritonitis infection (34 patients), malig-
nancy (3 patients), termination of dialysis (2 patients),
5



Table 3. Correlation between adiponectin levels and nutritional and biochemical indices

Variable

Adiponectin

Plasma Level Adipose Tissue mRNA
Blood pressure
Systolic r= 0.07 (-0.10 to 0.24), P = 0.39 r=-0.10 (-0.26 to 0.07), P = 0.25
Diastolic r= 0.05 (-0.12 to 0.22), P = 0.54 r=0.04 (-0.13 to 0.21), P = 0.6

Charlson’s score r= -0.17 (-0.33 to -0.00), P = 0.04 r=-0.17 (-0.33 to 0.00), P = 0.04
Anthropometry
Body weight r= -0.35 (-0.49 to -0.19), P < 0.001 r=-0.14 (-0.30 to 0.03), P = 0.09
BMI r= -0.39 (-0.53 to -0.24), P < 0.001 r=-0.30 (-0.44 to -0.14), P < 0.001
Waist circumference r= -0.33 (-0.47 to -0.17), P < 0.001 r=-0.17 (-0.33 to -0.00), P = 0.04
Hip circumference r= -0.22 (-0.38 to -0.06), P = 0.008 r=-0.12 (-0.29 to 0.05), P = 0.14
Waist-hip ratio r= -0.38 (-0.52 to -0.22), P < 0.001 r=-0.08 (-0.25 to 0.09), P = 0.32
mid-arm circumference r= -0.41 (-0.54 to -0.25), P < 0.001 r=-0.19 (-0.35 to -0.02), P = 0.03
Triceps skinfold r= -0.27 (-0.42 to -0.10), P = 0.001 r=-0.38 (-0.52 to -0.23), P < 0.001
Subscapular skin fold r= -0.03 (-0.20 to 0.14), P = 0.73 r=0.01 (-0.16 to 0.18), P = 0.89

SGA r= 0.01 (-0.22 to 0.25), P = 0.91 r=0.14 (-0.10 to 0.36), P = 0.24
MIS r= -0.02 (-0.25 to 0.22), P = 0.87 r=-0.10 (-0.33 to 0.13), P = 0.38
Baseline blood result
Serum albumin r= -0.31 (-0.46 to -0.15), P < 0.001 r=-0.02 (-0.19 to 0.15), P = 0.83
Hemoglobin r= -0.10 (-0.26 to 0.07), P = 0.25 r=-0.00 (-0.17 to 0.17), P = 0.99
Total cholesterol r= 0.19 (0.02-0.35), P = 0.02 r=0.04 (-0.13 to 0.20), P = 0.67
Triglycerides r= -0.30 (-0.45 to -0.14), P < 0.001 r=-0.37 (-0.51 to -0.22), P < 0.001
LDL cholesterol r= 0.12 (-0.05 to 0.28), P = 0.16 r=0.04 (-0.14 to 0.20), P = 0.68
HDL cholesterol r= 0.52 (0.38-0.63), P < 0.001 r=0.37 (0.22-0.51), P < 0.001

Total Kt/V r= -0.13 (-0.30 to 0.05), P = 0.14 r=-0.08 (-0.25 to 0.10), P = 0.38
Residual GFR r= -0.32 (-0.47 to -0.15), P < 0.001 r=-0.11 (-0.28 to 0.07), P = 0.22
Peritoneal transport
D/P4 r= 0.14 (-0.03 to 0.31), P = 0.1 r=0.05 (-0.12 to 0.22), P = 0.56
MTAC r= 0.21 (0.04-0.37), P = 0.02 r=0.09 (-0.09 to 0.26), P = 0.31

NPNA r= -0.26 (-0.42 to -0.09), P = 0.003 r=-0.06 (-0.24 to 0.12), P = 0.48
FEBM r= 0.25 (0.07 to 0.41), P = 0.005 r=0.13 (-0.05 to 0.30), P = 0.14
Bioimpedance spectroscopy
Over-hydration r= 0.15 (-0.03 to 0.31), P = 0.09 r=-0.09 (-0.26 to 0.08), P = 0.29
E:I ratio r= 0.05 (-0.12 to 0.23), P = 0.53 r=-0.21 (-0.37 to -0.04), P = 0.01
Lean tissue mass r= -0.08 (-0.25 to 0.10), P = 0.37 r=0.11 (-0.07 to 0.27), P = 0.21
Adipose tissue mass r= -0.38 (-0.52 to -0.22), P < 0.001 r=-0.29 (-0.44 to -0.12), P < 0.001

Pulse wave velocity
Carotid-radial r= 0.01 (-0.16 to 0.18), P = 0.9 r=-0.07 (-0.24 to 0.11), P = 0.44
Carotid-femoral r= 0.06 (-0.11 to 0.23), P = 0.49 r=-0.13 (-0.30 to 0.04), P = 0.12
Note: Data are presented as Spearman’s rank correlation coefficient, r (95% confidence interval).
Abbreviations: E:I ratio, extracellular-to-intracellular volume ratio; FEBM, fat-free edema-free body mass; GFR, glomerular filtration rate; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; MIS, malnutrition-inflammation score; NPNA, normalized protein nitrogen appearance; SGA, subjective global assessment overall score.
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and other specific causes (4 patients). The relation between
quartiles of plasma adiponectin level and its adipose tissue
mRNA expression with patient and technique survival by
univariate Cox analysis is summarized in Table 4. In
essence, plasma adiponectin level by ELISA was associated
with a better patient survival but not technique survival
(Fig 2). However, when the effect was adjusted for other
clinical confounders by the multivariate Cox regression
model, plasma adiponectin level by ELISA was not an in-
dependent predictor of patient survival. In this model, only
Charlson’s comorbidity score, normalized protein nitrogen
appearance, and baseline BMI were independent predictors
of patient survival.
6

Secondary Outcomes

During the follow-up period, there were 862 hospital
admissions for a total of 6082 days. The overall median
rate of hospital admission was 1.59 episodes per year
(IQR, 0.84-3.27), for a median of 9.53 days per year
(IQR, 2.96-21.05). During the same period, 63 patients
developed anuria. The median rate of residual GFR
decline was -1.22 mL/min/1.73 m2 per year (IQR, -0.53
to -2.22). At the same time, 89 patients developed 188
peritonitis episodes. The overall peritonitis rate was 0.77
episodes per patient-year. The relation between plasma
adiponectin level or its adipose tissue mRNA level quartiles
and secondary outcomes are summarized in Table 4. In
Kidney Med Vol 5 | Iss 3 | March 2023 | 100589



Table 4. Relation Between Plasma Adiponectin or Its Adipose Tissue mRNA Level Quartiles and Clinical Outcome

Plasma Adiponectin Level Adipose Tissue Adiponectin mRNA

Statistics 95% CI P Statistics 95% CI P
Patient survival HR = 0.94 0.77-1.15 0.54a HR = 0.83 0.69-0.99 0.04a

Technique survival HR = 1.17 0.73-1.86 0.52a HR = 0.86 0.56-1.30 0.47a

Number of hospital admission
per year

β = 0.02 -0.08 to 0.13 0.44b β = -0.08 -0.18 to 0.03 0.15b

Duration of hospitalization
per year

β = -0.08 -0.18 to 0.03 0.15b β = -0.12 -0.32 to 0.07 0.21b

Rate of residual GFR decline β = 0.47 0.06-0.88 0.02b β = -0.01 -0.41 to 0.40 0.97b

Time to anuria HR = 0.88 0.70-1.10 0.88a HR = 0.85 0.68-1.05 0.12a

Peritonitis-free survival HR = 1.13 0.93-1.38 0.21a HR = 1.03 0.86-1.24 0.75a

Abbreviations: CI, confidence interval; GFR, glomerular filtration rate; HR, hazard ratio; mRNA, messenger RNA.
Data were analyzed by aunivariate Cox regression or bunadjusted log-linear regression.
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essence, plasma adiponectin level quartile had a significant
but modest correlation with the rate of residual GFR
decline. There was no significant relation between plasma
adiponectin level or its adipose tissue mRNA level quartiles
and other secondary outcome parameters. In view of the
small number of events, further multivariable analysis was
not performed.
DISCUSSION

In this study, we found that plasma adiponectin level, and
to a lesser extent adipose tissue adiponectin mRNA level,
inversely correlated with the degree of adiposity in patients
with kidney failure newly started on PD. Although adipose
tissue adiponectin mRNA level has a marginal association
with patient survival by univariate analysis, neither adipose
tissue adiponectin mRNA level nor its plasma level was an
Figure 2. Kaplan–Meier plot for (A) patient survival; and (B) techni
quartile IV had the highest levels). Data were compared by log-ran

Kidney Med Vol 5 | Iss 3 | March 2023 | 100589
independent predictor of patient or technique survival
after multivariate analysis to adjust for clinical confound-
ing factors.

Adiponectin is a major adipokine that is involved in
regulating glucose levels and fatty acid breakdown.15

Specifically, adiponectin increases fatty acid transport,
β-oxidation, triglyceride clearance, and its dissipation in
skeletal muscle, leading to a reduction of intracellular lipid
levels and thus improved insulin signaling.37,38 Adipo-
nectin also regulates cellular glucose flux, including both
gluconeogenesis and glucose uptake.15,37 In terms of its
systemic effects, adiponectin directly improves endothelial
dysfunction, at least in rat models,39,40 and contributes to
the pathogenesis of chronic kidney disease–mineral bone
disease, mostly by downregulation of fibroblast growth
factor 23 and kidney’s Klotho expression.41 Increased ad-
ipose tissue results in a decrease in the secretion of
que survival according to plasma adiponectin level quartiles (with
k test.
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adiponectin, which is an anti-inflammatory adipokine
produced by adipocytes.42 Plasma adiponectin level was
associated with insulin resistance and serum triglyceride
level in patients without diabetes16 and was a powerful risk
marker of incident prediabetes in patients with parental
history of diabetes.17

The aim of our study was to determine both plasma
adiponectin level and the corresponding mRNA expression
in adipose tissue. Although plasma adiponectin level is
generally assumed to be more stable and suitable for lab-
oratory quantification, the adipose tissue mRNA expres-
sion is probably a better indicator of its local paracrine
effect. In this study, we observed that plasma adiponectin
level had a modest but significant correlation with body
weight, BMI, various anthropometric measurements, and
adipose tissue mass as determined by bioimpedance
spectroscopy (see Table 3). The result agrees with the
prediction from its physiological actions and is consistent
with previous studies in the normal population43 as well as
PD patients.44,45 More importantly, we observed a similar
but less strong correlation between the above parameters
and adiponectin mRNA expression in abdominal adipose
tissue, indicating that peripheral (rather than abdominal)
adipose tissue may be the major source of circulating
adiponectin. Our findings on the relation between adi-
ponectin level and baseline insulin level were also
consistent with previous studies, which reported that
plasma adiponectin level was decreased in obese and
insulin-resistant mice and humans.15,46 Similarly, we
found a modest correlation between plasma adiponectin
level and peritoneal transport characteristic, as represented
by the mass transfer area coefficient of creatinine, and the
observation is consistent with the recent report of Sumi
et al.47 The actual plasma adiponectin levels of our PD
patients, however, were substantially higher than that re-
ported in patients with diabetes17 or obese individuals
with normal kidney function,16 which seems to be ex-
pected because the PD population tends to be less obese
than the general population.8 Another strength of our
study is that Hong Kong has the well-established “PD first”
policy, and there is minimal selection bias for PD. Notably,
few individuals were deemed unsuitable for PD because of
obesity.

There is a wealth of literature on the relationship be-
tween plasma adiponectin level and survival. Although
laboratory studies showed beneficial effects of adiponectin
on glucose homeostasis, systemic inflammation, apoptosis,
and atherosclerosis,48,49 a positive, rather than the ex-
pected negative, relationship between plasma adiponectin
level and the overall mortality rate was reported in a variety
of patient populations.50 The result of published studies on
dialysis patients is, however, conflicting. In hemodialysis
patients, studies reported that a high plasma adiponectin
level was associated with a higher51-54 as well as lower
mortality.55-57 In the PD population, both Dı́ez et al58 and
Tung et al59 noted that plasma adiponectin level was
inversely related to patient mortality. Although Park et al60
8

found that plasma adiponectin level per se was not asso-
ciated with patient mortality, the leptin-adiponectin ratio
is a prognostic indicator. Taken together, our observation
that plasma adiponectin level did not have a significant
correlation with patient survival is consistent with the
available literature.

There are, however, several major limitations of our
study. First, there was no previous work to validate our
findings on adipose tissue adiponectin mRNA expression,
either in the general population or in dialysis patients, and
it remains to be determined whether our findings could be
extrapolated to other patient populations. Nonetheless,
because we took advantage of PD catheter insertion and
obtained adipose tissue for adiponectin mRNA expression,
similar studies may not be feasible for non–dialysis-
dependent chronic kidney disease patients or those on
long-term hemodialysis. Second, we only measured base-
line plasma adiponectin level, and it remains unknown
how long-term PD, either in itself or as a result of weight
gain, affects plasma adiponectin level or its mRNA
expression in adipose tissue. Theoretically, it is possible to
use a pre-specified threshold of adiponectin level from the
literature for risk assessment, rather than classifying the
patients into quartiles. However, there is no well accepted
“normal” adiponectin level. The results of our present
study also suggest that the prognostic value of the adipo-
nectin level, if any, is linear across the measured range,
without a threshold value. Finally, our study is observa-
tional, and the underlying molecular mechanisms were not
explored. Notably, the discordance between correlates of
adipose tissue adiponectin mRNA expression and its
plasma level may shed light on the actual molecular
mechanism (ie, paracrine versus distal effects,
respectively).

In conclusion, plasma adiponectin level, and to a lesser
extent adipose tissue adiponectin mRNA level, inversely
correlated with the severity of adiposity. However, neither
plasma adiponectin level nor its adipose tissue mRNA
expression was an independent prognostic indicator in
kidney failure patients newly started on PD.
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Than et al
Conclusion: Plasma adiponectin level correlates with the adiposity in incident PD 
patients. However, neither plasma adiponectin level nor its adipose tissue mRNA 
expression independently predicts clinical outcomes among incident  PD patients.

What is the clinical and prognostic value of plasma 
adiponectin level among new PD patients?

Retrospective analysis of 
prospective cohort

152 new PD patients

Plasma adiponectin level
Adiponectin mRNA

Jan 2011 – Dec 2013

6 adults w/ abdominal 
surgery & no CKD (control)

Reference: Than W, Chan G, Kwan B, et al. Circulating and 
adipose tissue adiponectin level and outcomes in incident 
peritoneal dialysis. Kidney Medicine, 2023.

Visual Abstract by Carlo Trinidad MD

METHODS AND COHORT OUTCOMES

Baseline median plasma 
adiponectin (ug/mL)

31.98
(IQR 16.81 to 49.49)

Adiponectin mRNA 
expression in adipose tissue

1.65 x higher 
(IQR 0.98 to 2.63)

versus controls

Modest correlation
(r = 0.40, p < 0.001)

Plasma adiponectin level inversely correlated with (r):

BMI (-0.39)
Waist-hip ratio (-0.38)
Mid-arm circumference (-0.41)
Adipose tissue mass (-0.38)
Plasma triglyceride (-0.30)

P < 0.001

Serum insulin (-0.24)
P = 0.005

Similar but less marked inverse correlations seen with 
adiponectin mRNA level

Neither plasma adiponectin nor 
adipose tissue adiponectin 
mRNA predicted patient or 

technique survival 
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