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Abstract
Background: Adiponectin dysregulation is postulated to affect cancer risk via modulation of insulin resistance and inflammation. Epidemio-
logic studies evaluating this relationship have conflicting results and data from non-white cohorts are lacking. We examined the associa-
tion between adiponectin and risk of cancer incidence in the multiethnic Dallas Heart Study (DHS). Methods: Participants enrolled in the 
DHS and known adiponectin values were included. Incident cancer cases were identified through a systematic linkage of the DHS and the 
Texas Cancer Registry. Univariate/multivariate analysis were performed to test the association between adiponectin and incident cancer 
after adjusting for age, diabetes status, gender, ethnicity, C-reactive protein level, smoking status, and body mass index. Adiponectin level 
was evaluated both as a continuous variable and in race/ethnicity specific quartiles. Results: Of 3444 individuals, there were 152 incident 
cancers. The study population was comprised of 44.4% men, and 51.05% were black. Baseline median adiponectin levels were 6.43 mcg/
mL (interquartile range [IQR], 4.37–9.45 mcg/mL) in the incident cancer group versus 6.33 mcg/mL (IQR, 4.57–9.97 mcg/mL) in those without 
cancer. In multivariable analysis, adiponectin level was not associated with cancer incidence after adjusting for covariates. In analyses strati-
fied by race/ethnic group, no association was observed in white, Hispanic, or African American subgroups. Conclusions: In this study of a 
predominant ethnic minority population, no association between adiponectin and cancer incidence was demonstrated. Despite preclinical 
rationale and confirmatory findings in other studies, this association may not replicate across all ethnic populations. Additional studies with 
strong minority representation are warranted to further examine this association. (J Natl Compr Canc Netw 2015;13:873–878)

concentrations of tumor necrosis factor-α, interleukin-6 
(IL-6), and insulin-like growth factor-1.8 Adiponectin 
has also been shown to inhibit tumor proliferation and 
angiogenesis,9 whereas other studies have found the op-
posite result.10,11 Given the role of adiponectin in in-
sulin resistance, diabetes, and obesity, low adiponectin 
levels can be an important biological pathway between 
obesity and cancer development.12,13

Because lifestyle modifications, weight loss, and 
pharmaceutical interventions with agents, including 
the peroxisomal proliferator-activated receptor γ ago-
nists thiazolidinediones, can modify adiponectin levels, 
it remains important to establish the role of adiponec-
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Background
Adiponectin, a hormone secreted by adipocytes, has in-
creasingly been recognized as a key regulator of insulin 
sensitivity and inflammation, with low adiponectin lev-
els associated with hyperinsulinemia and other insulin- 
resistant states.1–3 Circulating concentrations of adi-
ponectin are reduced in diabetes mellitus, obesity, and 
older age, and increase with weight loss,4–6 and adminis-
tration of adiponectin has been shown to improve insu-
lin sensitivity.4–7 Dysregulation of adiponectin has been 
postulated to directly or indirectly contribute toward a 
higher risk of tumor development with multiple mecha-
nisms proposed for tumorigenesis, including increased 
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tin in carcinogenesis and future cancer incidence. 
Retrospective studies evaluating the association be-
tween adiponectin and cancer may be biased because 
of reverse causation of cancer weight loss on adipo-
nectin levels. Prospective studies from large datasets 
have evaluated the association between adiponectin 
and risk of future cancer occurrence, with conflict-
ing results.14–23 However, most of these studies lack 
sociodemographic diversity, and therefore the results 
are not readily generalizable. 

The Dallas Heart Study (DHS) was established 
to study ethnic differences in cardiovascular health 
at the community level, wherein a probability-based 
sample of Dallas County residents were surveyed with 
an intentional oversampling of black individuals. This 
study is uniquely positioned to determine prospec-
tively whether adiponectin levels predict future risk 
of cancer in a multiethnic cohort of men and women. 
We explored the role of prediagnostic plasma adipo-
nectin in predicting cancer risk in the DHS.

Methods

Study Population
Details on the design and enrollment of the DHS 
have been previously described.24 Briefly, the DHS is 
a well-characterized single site, multiethnic, popula-
tion-based probability sample of Dallas County resi-
dents aged 18 to 65 years that enrolled participants 
between July 2000 and January 2002. This cohort has 
been designed to produce an unbiased population 
estimate of biologic and social variables, and non-
Hispanic blacks were intentionally oversampled to 
compose half of the study population. At study entry, 
participants completed a detailed survey, objectively 
measured anthropometry, and laboratory testing. 
Ethnicity was self-assigned in accordance with US 
census categories. First, structured interviews and 
anthropometric and blood pressure measurements 
were performed in the homes of 6101 individuals 
aged 18 to 65 years (54% black). A second home 
visit was then performed to obtain blood and urine 
samples. Hypertension was defined as blood pressure 
of 140/90 mm Hg or greater or taking antihyperten-
sive medications. Diabetes mellitus was defined as a 
fasting serum glucose level of 126 mg/dL or greater, 
self-reported diabetes, or taking hypoglycemic medi-
cation. Smoking was defined as cigarette use within 
the previous 30 days and a lifetime history of having 

smoked 100 or more cigarettes. The current study 
population was composed of cases with available 
adiponectin levels. The protocol was approved by 
the Institutional Review Board of the University of 
Texas Southwestern Medical Center in Dallas. All 
participants provided written informed consent to 
participate in the DHS.

The DHS has been systematically linked to the 
Texas Cancer Registry (TCR) to determine cancer 
cases in the cohort. The TCR is a population-based 
registry of the state of Texas, and meets quality data 
standards of both the National Program of Cancer 
Registries (CDC) and North American Association 
of Central Cancer Registries. The Texas Cancer Inci-
dence Reporting Act mandates health care facilities, 
including hospitals, ambulatory surgical centers, and 
cancer treatment centers, to report to the TCR. All 
cancer cases identified by the TCR were classified as 
“prevalent” or “incident” based on the date of cancer 
occurrence in relation to the date of enrollment to the 
DHS. Cases with a date of cancer diagnosis 2 years af-
ter their date of enrollment to the DHS were classified 
as “incident,” and the remaining as “prevalent” cases. 
In cases with more than one known cancer, only the 
first cancer report was included. 

Fasting blood samples were obtained from par-
ticipants and collected in EDTA-containing tubes 
on the second DHS visit. Plasma aliquots were 
stored at –80°C. A commercially available sandwich 
enzyme-linked immunosorbent assay (Millipore, Bil-
lerica, MA) was used to quantify total adiponectin 
levels according to manufacturer’s specification. The 
measured intra-assay coefficients of variation (CVs) 
were between 1.0% and 7.4% and the interassay CVs 
between 2.4% and 8.4%.25 A high-sensitivity assay 
for C-reactive protein (CRP) was performed using 
the Roche/Hitachi 912 System (Roche Diagnostics, 
Indianapolis, IN), as described previously.26

Statistical Analysis
Clinical and biochemical data of the study popula-
tion was reported as proportions or median values 
with 25th and 75th percentiles (interquartile range 
[IQR]) as appropriate. Adiponectin levels were mod-
eled following a natural logarithmic transformation. 
Because adiponectin levels are highly dependent on 
gender and race, gender/race-specific quartiles for 
the entire population were constructed. Adiponec-
tin quartiles were compared with each tumor type 
using the Cochran-Armitage trend test. Univariate 
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correlations were expressed using the Pearson cor-
relation coefficient for normally distributed param-
eters and the Spearman correlation coefficient for 
non-normally distributed data as appropriate. Mul-
tivariable cox regression analyses were generated to 
test the association between the presence of incident 
cancers and adiponectin (log transformed and quar-
tiles). Models were adjusted for age, diabetes status, 
gender, ethnicity, CRP level, smoking status, and 
body mass index. P values of less than .05 were con-
sidered statistically significant. Based on our number 
of cases, for 80% power, we can detect a relative risk 
of 1.27. All analyses were performed using SAS ver-
sion 9.2 (SAS Institute Inc., Cary, NC).

Results
A total of 3444 participants with known adiponectin 
levels were included in the analysis, with a median age 
of 43 years (IQR, 36–51 years). The cohort was 51% 
black, 30% white and 17% Hispanic, whereas 55.6% 
were female. Mean body mass index was 29.6 kg/m2. 
Among the cohort, 11.7% had diabetes mellitus, 29.2% 
were smokers, and 33.6% had a history of hypertension 
(Table 1). A total of 246 cancer cases were identified 
from the TCR. Of those, 152 were incident cancers. 
The total person-years follow-up for this study is 40,988.

 Median adiponectin levels were higher (P<.001) 
in women (7.47 mcg/mL) compared with men (5.53 

mcg/mL), and whites had a higher adiponectin level 
than Hispanics and blacks (8.16 mcg/mL vs 6.37 and 
5.72 mcg/mL, respectively; P<.001) (Table 2). 

The median adiponectin level was 6.33 mcg/mL  
(IQR, 4.57–9.97) in the cancer group and 6.43 
mcg/mL (IQR, 4.37–9.45) in the noncancer group 
(P=.736). Among incident cancers, the most com-
mon cancer sites were breast (32%), gastrointestinal 
tract (24%), and prostate (22%). Median adipo-
nectin levels were 7.65 mcg/mL (IQR, 5.82–11.11) 
in breast cancer, 5.94 mcg/mL (IQR, 4.34 mcg/mL 
8.17) in gastrointestinal cancers, and 6.22 mcg/mL 
(IQR, 3.31–8.5) in prostate cancer (Table 3).

In the overall population, no univariate associa-
tion was seen between 1-log difference in adiponec-
tin level and incident cancer (1.03; 95% CI, 0.89, 
1.18; P=.73) or after stratifying by gender (men, 1.07 
[95% CI, 0.86, 1.328; P=.53] and women, 0.98 [95% 
CI, 0.81, 1.18; P=.83]). An interaction between race/
ethnic group and adiponectin level was observed in 
the univariable analyses (P=.02). However, stratifi-
cation by race/ethnic group did not reveal a signifi-
cant association between adiponectin level and inci-
dent cancer in whites (hazard ratio [HR], 1.48; 95% 
CI, 0.93, 2.33; P=.10], Hispanics (HR, 1.04; 95% CI, 
0.47, 2.33; P=.92), or blacks (odds ratio [OR], 0.84; 
95% CI, 0.62, 1.13; P=.25). Similar findings in the 
overall population and in race/ethnicity strata were 
demonstrated after adjusting for age, diabetes status, 

Abbreviations: BMI, body mass index; IQR, interquartile range.

Table 1   Baseline Characteristics of Participants in the Dallas Heart Study by Adiponectin Quartiles
Overall 
(N=3444)

Quartile 1 
(N=858)

Quartile 2 
(N=863)

Quartile 3 
(N=863)

Quartile 4 
(N=860)

Median age, y (IQR) 43 (36–51) 42 (35–50) 44 (36–51) 43 (36–52) 45 (37–52)

Median adiponectin,  
  mcg/mL (IQR)

6.43 (4.37–9.46) 3.27 (2.50–4.10) 5.21 (4.59–6.13) 7.69 (6.55–8.86) 11.85 (9.93–14.84)

Mean BMI, kg/m2 (SD) 29.60 (7.02) 31.77 (7.18) 30.69 (6.92) 29.09 (6.77) 26.82 (6.19)

Race

 Black 1758  (51.05%) 438 (51.05%) 440 (50.98%) 440 (50.98%) 440 (51.16%)

 White 1018 (29.56%) 254 (29.60%) 255 (29.55%) 255 (29.55%) 254 (29.53%)

 Hispanic 594 (17.25%) 148 (17.25%) 149 (17.27%) 149 (17.27%) 148 (17.21%)

 Other 74 (2.15%) 18 (2.10%) 19 (2.02%) 19 (2.20%) 18 (2.09%)

Male 1529 (44.4%) 381 (44.41%) 383 (44.38%) 383 (44.38%) 382 (44.42%)

Diabetes 402 (11.68%) 153 (17.83%) 96 (11.12%) 84 (9.74%) 69 (8.02%)

Hypertension 1140 (33.6%) 312 (36.66%) 297 (35.23%) 260 (30.44%) 271 (32.07%)

Smoking 1003 (29.17%) 257 (29.95%) 242 (28.04%) 244 (28.31%) 260 (30.37%)
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gender, ethnicity, CRP level, smoking status, and 
BMI, and on categorizing adiponectin into quartiles 
(Table 4). Moreover, no interaction by race/ethnic-
ity was observed in the multivariable adjusted analy-
ses (P=.142). We performed analysis based on fol-
low-up years (2–5 years, 5–10 years, and >10 years) 
to help define the impact of exposure window on the 
relationship, and no association was found. Addi-
tionally, no association was found when comparing 
incident cancer between the 5th percentile and 95th 
percentile adiponectin levels (P=.81). 

Discussion
Despite strong preclinical rationale, previous epi-
demiologic studies evaluating the association of 
incident cancer and adiponectin levels have had 
conflicting results. This analysis from a large mul-
tiethnic population-based cohort has demonstrated 

that adiponectin level is not associated with future 
cancer incidence in the overall population-based 
DHS sample.

A large nested case-control study of 468 pancre-
atic cancer case subjects and 1080 matched control 
subjects from 5 prospective US cohorts showed that 
plasma adiponectin level was inversely associated 
with pancreatic cancer risk, which was consistent 
across the 5 prospective cohorts and independent of 
other markers of insulin resistance (eg, diabetes, BMI, 
physical activity, plasma C-peptide).14 Prospective 
case-control studies have suggested that low plasma 
adiponectin concentrations16 and high-density lipo-
protein cholesterol/adiponectin ratio15 are associated 
with colon cancer risk. A study nested in a cohort 
of Finnish male smokers evaluated the relationship 
between prediagnostic serum adiponectin level and 
renal cell carcinoma (RCC) risk and showed an asso-
ciation between high adiponectin levels and reduced 
RCC risk after adjustment for BMI.17 

However, other studies exploring this associa-
tion have not confirmed these findings. Another 
study from the EPIC cohort demonstrated an as-
sociation between markers of inflammation and 
hyperinsulinemia, including CRP, IL-6, C-peptide, 
and non–high-molecular-weight adiponectin, and 
an increased risk of hepatocellular cancer (HCC) 
independent of obesity and historically established 
risk factors for HCC.18 Whereas the panel of mark-
ers listed in the prior discussion did increase the 
predictive potential of the model, when looked at 
individually among the markers examined, high 
—not low—levels of adiponectin were predictive, 
which does not fully support the proposed hypoth-
esis. Tworoger et al21 performed a nested case-con-
trol study within the Nurses’ Health Study (NHS) 
and demonstrated an inverse relationship between 
adiponectin level and breast cancer risk in post-
menopausal women but no relationship among 
premenopausal women. However, the association 
in postmenopausal women was not replicated in 2 
other prospective case-control studies nested in the 
Multiethnic Cohort and the Cancer Prevention 
Study II (CPS-II).22,23 No association was detected 
between prediagnostic serum total adiponectin or 
high-molecular-weight adiponectin levels and en-
dometrial cancer risk in a nested case-control study 
within the Breast and Bone Follow-up to the Frac-
ture Intervention Trial (B~FIT; n=15,595).19 How-

Table 2   Median Adiponectin Levels by  
Gender and Ethnicity

Median Adiponectin, 
mcg/mL  
(IQR) P Value

Sex <.001

Female 7.47 (4.92–10.71)

Male 5.53 (3.80–8.05)

Race/ethnicity <.001

Black 5.72 (3.96–8.50)

White 8.16 (5.47–11.55)

Hispanic 6.37 (4.48–8.85)

Table 3    Median Adiponectin Levels by  
Cancer Type

N

Median Adiponectin, 
mcg/mL  
(IQR)

Incident cancer 152 6.33 (4.57–9.97)

Breast 49 7.65 (5.82–11.11)

Gastrointestinal 36 5.94 (4.34–8.17)

Prostate 34 6.22 (3.31–8.50)

Lung 17 6.13 (4.70–8.49)

Gynecologic 16 5.99 (3.89–11.48)

No cancer 3292 6.43 (4.37–9.45)

Abbreviation: IQR, interquartile range.

Abbreviation: IQR, interquartile range.
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ever, an analysis of the EPIC study did demonstrate 
the relationship between lower prediagnostic plas-
ma adiponectin concentrations and a higher risk 
of endometrial cancer in both premenopausal and 
postmenopausal women, regardless of BMI status.20

The studies discussed herein evaluating adipo-
nectin all lack racial and socioeconomic diversity, 
which limits the generalizability of these findings. 
An exception is the Multiethnic Cohort, which only 
evaluated postmenopausal breast cancer risk, and 
similar to our analysis, did not detect an association 
between cancer and adiponectin level.23 Notably, 
the composition of the Multiethnic Cohort study 
is largely Japanese American women (35%), and 
therefore distinct from the DHS population. 

The study design used for the present evaluation 
had some limitations. DHS has been systematically 
linked to the TCR to determine incident cancer 
cases in the cohort, and a cutoff of 2 years between 
enrollment in the DHS and date of cancer diagno-
sis was used to separate “incident” from “prevalent” 
cancer cases. This time point was chosen as a rea-
sonable period wherein if a case had an undiagnosed 

malignancy at the time of enrollment to DHS, suf-
ficient time would lapse to allow the malignancy to 
clinically manifest. By placing the cutoff mark at 2 
years we minimized the effect of subclinical or undi-
agnosed “prevalent” cancer cases from confounding 
adiponectin levels, but this reduced the number of 
cancer cases and diminished the power to detect a 
statistically significant difference. Patients enrolled 
in the DHS and whose cancer may have been di-
agnosed outside the state of Texas may have not 
been captured. Adiponectin levels are highly as-
sociated with ethnicity and gender, and previous 
studies largely lack data on ethnic minorities. The 
intentional oversampling of the black population in 
the DHS cohort provides the opportunity to evalu-
ate the association in ethnic minorities who are not 
well represented in other cohorts. Single nucleotide 
polymorphism (SNP) adiponectin and adiponectin 
receptor 1 are gaining recognition as being associ-
ated with cancer and may provide further insight 
into this relationship, particularly in reference to po-
tential ethnic differences.27,28 SNP analysis was not 
performed as part of this study. The rigorous DHS 

Table 4  Univariate and Multivariable Analysis of Adiponectin Levels and Cancer Incidence
Overall 
(N=3444)

Black 
(N=1758)

White 
(N=1018)

Hispanic  
(N=594)

Distribution of cancer cases (n=152)

 Quartile 1, n (PY) 37 (10,118) 24 (5132) 5 (3035) 5 (1746)

 Quartile 2, n (PY) 42 (10,248) 23 (5217) 12 (3048) 7 (1756)

 Quartile 3, n (PY) 37 (10,342) 18 (5262) 18 (3046) 0 (1809)

 Quartile 4, n (PY) 36 (10,280) 19 (5281) 12 (3024) 3 (1763)

Univariate  

 Adiponectin (log) 1.03 (0.81, 1.30) 0.84 (0.62, 1.13) 1.48 (0.93, 2.33) 1.04 (0.47, 2.33) 

 Adiponectin quartiles  

  1 (referent) 1 1 1 1

  2 1.14 (0.78, 1.67) 1.02 (0.62, 1.67) 1.78 (0.82, 3.85) 1.31 (0.45, 3.78) 

  3 0.96 (0.64, 1.42) 0.76 (0.44, 1.29) 2.65 (1.79, 4.76) 0.16 (0.02, 1.32) 

  4 1.02 (0.69, 1.57) 0.82 (0.49, 1.38) 1.79 (0.83, 3.88) 0.97 (0.31, 3.03) 

Multivariable  

 Adiponectin (log) 1.03 (0.80, 1.32) 0.89 (0.65, 1.24) 1.43 (0.85, 2.43) 0.68 (0.30, 1.52) 

 Adiponectin quartiles  

  1 (referent) 1 1 1 1

  2 1.18 (0.81, 1.74) 1.07 (0.65, 1.76)             1.64 (0.75, 3.57) 1.20 (0.41, 3.49) 

  3 1.02 (0.68, 1.53) 0.87 (0.51, 1.50) 1.90 (0.89, 4.09) 0.14 (0.02, 1.17) 

  4 1.05 (0.67, 1.50) 0.92 (0.53, 1.60) 1.53 (0.68, 3.42) 0.65 (0.20, 2.13) 
 
Abbreviation: PY, person years.
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study design, very well-defined enrollment char-
acteristics, and high rate of serum samples are par-
ticular strengths of this study. Therefore, this study 
is uniquely positioned to determine prospectively 
whether adiponectin levels predict future risk of can-
cer in a multiethnic cohort of men and women. 

Despite preclinical rationale, our analysis of the 
multiethnic DHS does not support an association 
between prediagnostic adiponectin levels and future 
cancer risk. Analysis from other cohorts evaluating 
the association of adiponectin level and individual 
cancers types have not had consistent findings and 
have lacked ethnic diversity, which limits the broad 
applicability of those findings. Further studies are 
necessary to understand the mechanism of carcino-
genesis in obesity and insulin resistance in a prospec-
tive manner. 
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