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Abstract
Background—Abnormal immune function is a key factor in predisposition to non-Hodgkin
lymphoma (NHL). We evaluated the association of 30 cytokines individually and as a profile with
diffuse large B-cell (DLBCL) and follicular (FL) lymphomas.

Methods—We used a multiplexed assay to measure 30 cytokine concentrations in pre-treatment
serum in a case-control study of 234 FL, 188 DLBCL, and 400 control participants. Unconditional
logistic regression was used to estimate odds ratios (ORs) and 95% confidence intervals (CI)
adjusted for age and sex, and polytomous regression was used to evaluate heterogeneity between
FL and DLBCL. Principal components analysis (PCA) was used to assess cytokine profiles
associated with FL and DLBCL.

Results—In single cytokine modeling, we found that 12 of the 30 circulating serum cytokines
were significantly (P<0.05) associated with FL and/or DLBCL after accounting for multiple
testing (q<0.05). Soluble IL-2R (sIL-2R) had the strongest association with both FL (OR=6.0 for
highest versus lowest tertile, 95% CI 3.8–9.5; p-trend=1.8 × 10−21) and DLBCL (OR=7.6, 95% CI
4.5–13.1; p-trend=7.2 × 10−20). IL1RA and IL-12p40 also showed similar associations for
DLBCL and FL. In contrast, HGF, MIG, and MIP-1α had a stronger association with DLBCL
compared to FL, and IL-6, IL-8, IL-10, IFN-γ, IP-10, and VEGF were only statistically
significantly associated with DLBCL after accounting for multiple testing. However, in PCA
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modeling, a cytokine profile based on sIL-2R, IL-1RA, MIG, IP-10, IL-8, and IL-12p40 explained
most of the variability between controls and both FL and DLBCL.

Conclusions—We identified some single cytokines unique to DLBCL, but overall cytokine
associations were more similar than distinct for DLBCL and FL. While these data are limited by
concerns of reverse causality, they do suggest cytokines and cytokine profiles that can be
prioritized in future studies.
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1. Introduction
There were approximately 66,360 newly diagnosed cases of non-Hodgkin lymphoma (NHL)
in the US in 2011 [1]. Among NHL cases, around 8–85% are B-cell lymphomas, which
consist of both aggressive and indolent subtypes [2]. Diffuse large B cell lymphoma
(DLBCL) is the most common aggressive B cell subtype [3] and follicular lymphoma (FL)
is another common but indolent B-cell lymphoma [4] Altered immune function has
consistently been linked with NHL risk in a number of studies [5]. For example, several
autoimmune conditions [6] as well as certain viral and bacterial infections appear to increase
risk of developing NHL [5,7]. These associations suggest that chronic inflammatory
conditions may initiate or promote tumor formation and progression. Additionally, a
considerable number of immune related gene polymorphisms have been found to influence
the risk of NHL [8–12]. Several case-control studies nested in cohorts with pre-disease
banked serum have also linked levels of circulating cytokines and other immune markers to
the development of NHL [13–19].

These nested case-control studies provide evidence that serum cytokine levels may be
related to lymphoma risk. However, the study populations so far have generally been limited
in numbers, combined multiple biologically different subtypes, analyzed only a few
cytokines or analyzed cytokines individually, rather than assessing cytokine profiles. Only
one prior study of 63 HIV associated NHL cases of mixed subtypes and serums collected
0.1–2.0 years prior to NHL diagnosis has evaluated and simultaneously assessed 30
cytokines in association with NHL [19]. In prior work, we measured 30 cytokines using a
multiplex assay from pretreated serum samples collected at diagnosis from FL or DLBCL
patients [20]. Due to the availability of a control group as part of our ongoing etiology work
[21], the same cytokines were measured in a set of matched controls. This study design
measures pre-treatment, but not pre-disease (e.g., as in a nested case-control design),
cytokine levels, and associations must be considered in the context of reverse causality
(cytokine differences due to the lymphoma rather than causing the lymphoma).
Nevertheless, the large sample size of the two most common NHL subtypes accompanied by
a broader set of cytokines allowed a preliminary assessment to inform future work. This also
allowed us to assess the differences in magnitude and type of cytokines associated with FL
compared to DLBCL and to determine if there was a general cytokine profile associated
with either of these subtypes.

2. Materials and Methods
2.1. Study Population

Participants in the studies provided written informed consent. The studies were reviewed
and approved by the Human Subjects Institutional Review Board at the Mayo Clinic and the
University of Iowa. FL and DLBCL case patients were from the University of Iowa/Mayo
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Clinic SPORE Molecular Epidemiology Resource (MER). Briefly, newly diagnosed
lymphoma patients were prospectively enrolled into the MER and the diagnosis was
confirmed by the study hematopathologist (WRM) in all cases [22]. Patients selected for this
analysis were diagnosed with FL or DLBCL from 2002–2008 and had a pre-treatment serum
sample available. Controls were obtained from an ongoing case-control study of lymphoma
[21]. Controls were selected from patients visiting the Mayo Clinic Department of Medicine
for a pre-scheduled general medical examination, and eligibility requirements were age 18
years or older and a resident of Minnesota, Iowa or Wisconsin, and no prior history of
lymphoma, leukemia or HIV infection. Controls were frequency matched to the Mayo cases
by 5-year age group, gender, and distance from Rochester, Minnesota. All controls were
enrolled over the same timeframe as the cases.

2.2. Serum cytokine assay
Serum cytokines were measured from pre-treatment blood draws using a multiplex ELISA
(Invitrogen, Camarillo, CA) as previously described [20]. Thirty cytokines, including
proinflammatory, Th1 and Th2 associated cytokines, were analyzed using the Luminex-100
system Version 1.7 (Luminex, Austin, TX). The following cytokines were tested – EGF
(epidermal growth factor), eotaxin, FGF-2 (basic fibroblast growth factor), GM-CSF
(granulocyte-macrophage colony-stimulating factor), G-CSF (granulocyte colony
stimulating factor), HGF (hepatocyte growth factor), IFNα (interferon alpha), IFNγ
(interferon gamma), IL-2 (interleukin-2), IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-13, IL-15,
IL-17, IL-12p40, sIL-2R (interleukin-2 receptor), IL-1RN (interleukin-1 receptor
antagonist), IL-1β (interleukin-1 beta), MCP-1 (monocyte chemotactic protein 1), IP-10
(inducible protein 10/CXCL10), MIG (monokine induced by interferonγ/CXCL9), MIP-1α
(CCL3), MIP-1b (CCL4), RANTES (regulated on activation, normal T-cell expressed and
secreted/CCL5), TNFα (tumor necrosis factor alpha) and VEGF (vascular endothelial
growth factor). Data were acquired using STar Station software (Applied Cytometry,
Dinnington, Sheffield, UK) and analysis was performed using the MasterPlex QT 1.0 system
(MiraiBio, Alameda, CA). Samples were randomly assigned to plates, stratified by case
(DLBCL and FL) and control status, so that each plate was mixture of cases and controls.
Each cytokine was examined graphically for batch effects by plate; control distributions
were consistent across plates for cytokines with distributions above the limit of detection,
therefore no batch adjustment was made during the analyses. Inter-assay variation was
assessed by inclusion of an internal control serum on all assay plates; the CV for the internal
control log2 cytokine values across plates ranged from 0.3% (RANTES) to 12.2% (IL-6).

2.3. Statistical Analysis
We used unconditional logistic regression to calculate the odds ratios (OR) and 95%
confidence intervals (95% CI) for the association of serum cytokine concentrations with risk
of FL or DLBCL, adjusting for age and sex. Serums with undetectable cytokines were
assigned a value of the limit of detection divided by (LOD/2). Cytokines levels were
modeled as ordinal variables corresponding to the tertile cut points among the controls, with
the lowest group serving as the reference. However, if fewer than 2/3 of the control levels
were above the LOD, then samples falling below LOD were the referent group and the
median cut point was used for the remaining samples with detectable levels. We calculated a
one-degree of freedom trend test, using the original scoring of the cytokine grouping, and
statistical significance was declared for p<0.05. We used polytomous logistic regression to
assess heterogeneity between FL and DLBCL, and calculated a one-degree of freedom Wald
test to assess heterogeneity in the trend tests between DLBCL and FL; statistical
significance was declared for q-values <0.05 to account for multiple testing. All analyses
were performed using SAS v9.2 (SAS Institute, Cary, NC).
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To assess cytokines simultaneously, we used principal components analysis (PCA). PCA
was performed on the combined FL and control samples and repeated on the combined
DLBCL and control samples, agnostic to case or control status for both datasets. The top
principal components were then examined graphically to explore patterns between cases and
controls. We additionally calculated q-values to account for multiple testing. JMP v9.0.1
(SAS Institute, Cary, NC) was used to create correlation graphs.

3. Results
3.1. Patient Characteristics

The FL and DLBCL cases were reasonably similar to controls with respect to age and sex
(Table 1).

3.2. Serum cytokine concentrations in cases and controls
In the control group, a majority of the cytokines were above the limit of detection, while
IFN-γ, IL-5, IL-6, IL-7, IL-15, IL-1β, and VEGF had 20–50% of values above the detection
limit and TNF-α and IL-17 had less than 20% of values above the detection limit (Table 2).
Median serum levels were significantly higher in both FL and DLBCL compared to controls
for HGF, IL-10, IL-12p40, sIL-2R, IL-1RA, MIG, and MIP-1α. In FL only, median FGF-2
levels were significantly lower compared to controls, and in DLBCL only, median IFN-γ,
IL-6, IL-8, IL-13, IP-10, MIP-1β, TNF-α and VEGF were significantly elevated compared
to controls. Among the controls, age, sex and BMI were not highly correlated with any of
the 30 cytokines tested (data not shown).

3.3. Single cytokine associations with FL and DLBCL
The associations of cytokine levels with FL or DLBCL were evaluated in logistic regression
models, adjusted for age and sex (Table 3). Six cytokines, IL-1RA, sIL-2R, IL-12p40, HGF,
MIG and MIP-1α, were statistically significantly associated with both FL and DLBCL after
accounting for multiple testing (q<0.05). Of these six cytokines, the associations for HGF,
MIG, and MIP-1α were significantly stronger for DLBCL compared to FL (p-
heterogeneity<0.05). In addition, six cytokines – IL-6, IL-8, IL-10, IFN-γ, IP-10, and VEGF
– were specifically associated with DLBCL risk.

3.4. Cytokine profiles associated with FL and DLBCL
Given the large number of statistically significant associations and the known biologic
correlation among cytokines, we next conducted a multivariable analysis for each subtype
using principal components analysis (PCA). This analysis allowed us to examine the
influence of all 30 cytokines simultaneously in detecting patterns of cytokine variation
between controls and each subtype. The top 3 principal components (PC1-PC3) accounted
for most of the total variation in the DLBCL (45%) and FL (43%) data. When assessing the
different components, PC2 appeared to best separate the controls compared to each subtype
(Figure 1 and Figure 2). For both FL and DLBCL, the top 6 loading cytokines for PC2
included sIL-2R, IL1RA, MIG, IP-10, IL-8 and IL-12p40. Although the ranking of these
cytokines differed between the two subtypes, these six cytokines were clearly the primary
cytokines with differential levels between controls and the two subtypes, suggesting a
similar biologic process occurring in the two lymphoma subtypes that was distinct from a
control population. Most of the top loading cytokines were highly correlated with each other
in controls as well as in FL or DLBCL cases (Supplemental Figure 1).

Charbonneau et al. Page 4

Cytokine. Author manuscript; available in PMC 2013 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



4. Discussion
In single cytokine logistic regression modeling, 12 of the 30 circulating serum cytokines
were associated with FL and/or DLBCL after accounting for multiple testing (q<0.05). Both
DLBCL and FL were most strongly associated with sIL-2R. When formally assessing single
cytokine differences between FL and DLBCL, serum cytokines HGF, MIG, Mip-1α, IL-8,
VEGF, IL-6, IL-10, IP-10, and GM-CSF were all significantly different. Positive significant
associations were found for both FL and DLBCL for those first three cytokines after
accounting for multiple testing, but the effect sizes for the DLBCL associations were
stronger. Using a principal components analysis approach, IL-12p40, sIL-2R, IP-10, MIG,
IL-1RA, and IL-8 best explained the variability between controls and DLBCL and FL cases,
regardless of subtype. It should be noted that there is a fairly high correlation between these
cytokines in the controls, and therefore it is difficult to determine in the setting of a case-
control study if one cytokine is driving the others, if they are synergistic, or if they are acting
independently.

There are several strengths of this study. Incident cases of FL and DLBCL were enrolled
with pre-treatment serum, and there was a relatively large control group that was
representative of the underlying source population that generated the cases [21]. A high
quality and reproducible Luminex-based assay was utilized to simultaneously evaluate the
largest number of cytokines of any study published to date. Our study also included a large
number of FL and DLBCL cases, as well as controls, compared to previously published
studies, which allowed us to formally assess etiologic heterogeneity between FL and
DLBCL. We also accounted for multiple testing and found robust results. Finally, we are the
first to assess such a large panel of cytokines simultaneously in association with NHL.

The major limitation of this study was that serum samples were collected after a lymphoma
diagnosis, rather than before diagnosis using banked samples. This raises the concern of
reverse causality, making it difficult to distinguish cytokine changes that predispose to
lymphoma versus changes that are produced by malignant cells following the development
of lymphoma or by other immune or microenvironment cells as a response to the lymphoma.
The microenvironment is important in DLBCL and FL [23]. In addition, there were a large
number of case and control serums falling below the limit of detection for IL-17 and TNF-α
with the Luminex-based assay. A more sensitive assay or plasma may be necessary to more
accurately assess these specific cytokines in peripheral blood of lymphoma patients versus
controls. Although it is also possible that these cytokines are not relevant for FL and
DLBCL, three other studies found at least a marginal association between TNF-α and
DLBCL [16–18]. Our study adjusted for age, and sex but did not have covariate data on
other lifestyle or environmental factors on all of the cases. Finally, the study was conducted
in a predominantly white, upper Midwest population which may impact generalizability to
other racial and ethnic groups.

In the present study, sIL-2R expression had a strong positive association with both FL and
DLBCL. This cytokine was also one of the top loading components of PC2, which explained
most of the variability between lymphomas and controls. Elevated serum concentrations of
this soluble receptor have been previously shown in a number of cancers, particularly those
of hematopoietic origin [24]. Additionally, elevated sIL-2R expression has been found in
autoimmune and infectious conditions, which could predispose lymphocytes to malignant
transformation [25]. This soluble receptor was previously reported to be elevated in NHL,
however, only one nested case-control study with prospectively collected serum examined
this relationship, and found elevated levels of this soluble receptor in serum collected 2
years prior to NHL diagnosis compared to controls [16]. In the present study, elevated serum
levels of the IL-2R ligand, IL-2, an important cytokine for lymphocyte proliferation [26],
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was not significantly associated with either FL or DLBCL in single cytokine analysis. One
of two NHL studies with prospectively collected serum/plasma that examined levels of IL-2
found an association with NHL and this cytokine [18], while the other did not find an
association [16]. Recent studies have found sIL-2R expression in serum increases with
increasing IPI or Ann Arbor stage, supporting that this expression may be reflective (in part
or whole) of increased tumor burden [27,28]. It is difficult to assess whether elevated sIL-2R
levels promote tumor growth through immunosuppression or other mechanisms, whether
these levels are simply a byproduct of constitutively activated immune cells, or both. Of
note, sIL-2R has been previously shown to bind IL-2 and promote its signaling in
lymphoma, aiding in regulatory T-cell formation and inhibiting CD8 T-cells [29].

IL-1R antagonist (IL-1RA), which inhibits signaling by IL-1α and IL-1β [30,31], has been
implicated by mouse models in protection against autoimmune arthritis [32]. In our study,
this cytokine antagonist was also found to be strongly and positively associated with both
FL and DLBCL in single cytokine analysis, and was a top loading component in our PCA
model. However, in two prior nested case-control studies examining IL-1RA in banked pre-
disease serum/plasma, no association was found between this cytokine receptor antagonist
and NHL [16,19], raising concerns that the elevated levels we observed were due to the
tumor. One prior study of IL-1RA found significantly elevated serum levels in FL patients
(n=60) compared to controls (n=20), although serums were collected from patients at relapse
and during remission in addition to primary diagnosis [33].

Serum concentration of IL-12p40, a subunit of IL-12, which is an important cytokine for
Th1 development [34], was positively associated with both FL and DLBCL in single
cytokine and PCA analyses. This cytokine was also examined in three of the prior nested
case-control studies of all NHL and no associations were found with NHL risk [16,18,19],
raising the possibility that IL-12p40 may be elevated as the result of lymphoma, either by
lymphoma cells themselves or other cells in the tumor microenvironment. Probably due to
its ability to enhance innate and cellular immunity, this cytokine has been demonstrated to
be a useful mediator of anti-tumor response [35]. However, a recent study found that IL-12
induced T-cell exhaustion and decreased immune function in follicular lymphoma [36],
which might explain the elevated levels of this cytokine with lymphoma in the present study.
It is important to note that this protein is also a subunit of the cytokine, IL-23, which acts to
promote proliferation in memory T-cells [37].

In single cytokine analyses, serum chemokines IL-8 (CXCL8) and MIG (CXCL9) were
associated with both FL (borderline for IL-8) and DLBCL, although the associations
appeared to be stronger for DLBCL. Both were also top loading cytokines in the PC2
component of PCA models for both FL and DLBCL. MIG is an IFN-γ inducible chemokine
involved in T lymphocyte trafficking [38], and to our knowledge has not been previously
associated with FL and DLBCL. IL-8, which plays a crucial role in neutrophil recruitment
and angiogenesis [39], has been assessed in a few studies of NHL. In an Italian nested case-
control study, IL-8 was examined but not found to be associated with lymphoma, although
FL and DLBCL made up less than half of their 86 cases [18]. Another study with 46
DLBCL cases and 40 controls found elevated IL-8 in patients versus controls, however, as
in our study, the serum was collected at the time of diagnosis [40]. This chemokine may
therefore be expressed as a result of the lymphoma rather than predisposing patients to the
disease.

IP-10 is another chemokine inducible by IFN-γ that acts as a chemoattractant for effector T
cells [41], and appears to play a role in autoimmune diseases like colitis [42]. Interestingly,
although single cytokine analysis only detected a significant association between IP-10 and
DLBCL, it was one of the top loading cytokines in PC2 for both FL and DLBCL, suggesting
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its effect may be more pronounced in the setting of other cytokines. This chemokine has
been assessed for association with NHL risk in two prior prospective studies [18,19], one in
an HIV+ population, where a positive significant association was found with the HIV-
associated lymphoma [19]. Because IL-12 induces IFN-γ expression, which in turn
increases expression of both IP-10 and MIG [43], it is likely that these cytokines really
represent activation of the same pathway [43,44]. Additionally, in this NHL population, our
group recently found and reported an association between this chemokine and prognosis in
DLBCL [20].

In at least one of three previous nested case-control studies of NHL in HIV negative study
subjects, significant associations were found for IL-10, TNF-α, sIL-2R, IL-13 (inverse),
IL-2, IFN-γ, ICAM, sTNFR1, and sCD27 [16–18]. We did not assess the ICAM, sTNFR1,
and sCD27 in our study, and our assay may not have been sensitive enough to detect low
level differences in TNF-α, given the high percentage of patients and controls with serum
concentrations below the limit of detection. Consistent with these studies, we did find that
sIL-2R was significantly associated with both FL and DLBCL in the single cytokine
analysis and sIL-2R explained much of the variability seen in our multivariate model.
Additionally, IFN-γ and IL-10 were significantly associated with DLBCL in the single
cytokine analysis. However, IL-13 and IL-2 did not trend significantly with either
lymphoma subtype in our study. We also found a statistically significant positive association
with IL-6 and VEGF and DLBCL. IL-6 [14,15,19] and VEGF [19] have also been found to
be positively associated with HIV-associated NHL, although three studies in HIV−

populations assessed IL-6 and found no association [16–18]. Finally, in the only other study
to date to assess 30 cytokines simultaneously, IL-1α, IL-4, IL-5, IL-13, and GM-CSF were
the top loading cytokines in the factor found to be significantly associated with combined
subtypes of NHL in an HIV+ cohort [19]. The top loading cytokines for our most significant
principal component did not match any of these, although their panel did not include MIG
and sIL-2R, two of our top loading components. These differences are not unexpected, as
our findings reflect those of patients with a presumably higher functioning immune system,
as opposed to the severely impaired immune system in HIV infection [45]. The
discrepancies in our findings and those of prior studies may also be due to differences in
cytokine levels in serum versus plasma, different multiplex systems, or these differences
might begin to explain cytokines that predispose to lymphoma versus those that are the
result of lymphoma. It is also important to note that most other studies pooled subtypes and
some included T-cell lymphomas.

Although our study lacks collection of serum samples before onset of lymphomas, we were
able to simultaneously assess a large panel of serum cytokines both FL and DLBCL patients
compared to controls. In most studies of cytokines and NHL risk, all subtypes were
combined. Our study raised the question of whether combined analysis is appropriate,
hypothesizing that cytokine patterns might differ between the two subtypes, due to differing
aggressiveness and influence of microenvironment. Although we did observe some
differences in the single cytokine analyses of serum cytokine concentrations in association
with the two subtypes of NHL assessed in this study, these differences mostly reflect higher
magnitude of association/ higher cytokine concentrations with DLBCL, rather than
completely different patterns of cytokine abnormalities. As mentioned before, this could
likely result from the more aggressive nature of this disease. On the other hand, in the PCA
model, which allows us to assess all 30 cytokines simultaneously, the same 6 cytokines
appear to most strongly influence differences between each subtype and controls. Generally
speaking, there was fairly close agreement between most of the results in the two models,
but it should be noted that differences could result from the fact that single cytokine analysis
was based on tertiles of cytokine concentrations, while the PCA analysis modeled cytokines
continuously. Most prior studies of this type utilized the former method.
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5. Conclusions
The results of this study support limited previous studies that found associations of serum or
plasma concentrations of sIL-2R (single cytokine and PCA analyses with both subtypes),
IL-6, IL-10, IFN-γ (single-cytokine analysis with DLBCL) and VEGF (single-cytokine
analysis with DLBCL and borderline with FL) with lymphoma, while suggesting potential
subtype specific differences. Prior nested case-control studies that examined IL-1RA, IP-10,
IL-8, and IL-12p40 did not find significant single cytokine associations with NHL,
suggesting our findings for these cytokines may reflect reverse causality. The association of
MIG with DLBCL and FL is novel and warrants follow-up in future studies. Regarding
heterogeneity of cytokine associations between DLBCL and FL subtypes, we found in single
cytokine analyses that DLBCL was specifically associated with six cytokines (IL-6, IL-8,
IL-10, IFN-γ, IP-10, and VEGF), while three cytokines (HGF, MIG, and Mip-1α) were
associated with both subtypes, but with a stronger association for DLBCL, which may be
reflective of the more aggressive nature of this lymphoma. However, when all cytokines
were assessed simultaneously with PCA modeling, the same 6 cytokines, sIL-2R, IL-1RA,
MIG, IP-10, IL-8, and IL-12p40 explained most of the variability between controls and
DLBCL and FL. Overall, we conclude that cytokines were more similar than distinct for
these two subtypes, but that specific cytokines may vary in their strength of association.
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Highlights

• Of 30 cytokines analyzed, sIL-2R was most strongly associated with FL and
DLBCL.

• IL1RA and IL-12 were also strongly associated with both subtypes.

• HGF, MIG, and MIP-1α had stronger associations with DLBCL than with FL.

• Associations with IL-6, IL-8, IL-10, IFN-γ, IP-10 and VEGF were specific to
DLBCL.

• IL-1RA, sIL-2R, MIG, IP-10, IL-8 and IL-12 best explained case-control
differences.
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Figure 1.
Multivariate analysis of FL and Controls: Graphic representation of the variability of
circulating cytokines between FL patients (green) and controls (red) using PCA. Shown PC2
versus PC1, demonstrating the greatest variability between cases and controls is explained
by PC2.
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Figure 2.
Multivariate analysis of DLBCL and Controls: Graphic representation of the variability of
circulating cytokines between DLBCL patients (blue) and controls (red) using PCA. Shown
PC2 versus PC1, demonstrating the greatest variability between cases and controls is
explained by PC2.
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Table 1

Characteristics of case and control subjects

Characteristic Controls
(N=400)

Follicular
(N=234)

DLBCL
(N=188)

Age, Median (range), years 63.0 (21.0–87.0) 60.0 (23.0–93.0) 63.0 (20.0–92.0)

Age in years, distribution, N (%)

   <40   41 (10.2) 16 (6.8) 16 (8.5)

   40–49   51 (12.8) 46 (19.7) 16 (8.5)

   50–59   77 (19.2) 54 (23.1) 41 (21.8)

   60–69 113 (28.2) 65 (27.8) 42 (21.3)

   70+ 118 (29.5) 53 (22.6) 73 (38.8)

Sex, N (%)

   Male 213 (53.2) 128 (54.7) 98 (52.1)

   Female 187 (46.8) 106 (45.3) 90 (47.9)

Recruitment Site, N (%)

   Iowa NA 90 (38.5) 87(46.3)

   Mayo 400 (100) 144 (61.5) 101 (53.7)

BMI, mean (SD), kg/m2 27.3 (4.9) 27.9 (5.3) 27.4 (4.7)

BMIa,WHO categories, N (%)

   Low/Normal (<25 kg/m2) 119 (34.7) 38 (32.2) 20 (30.8)

   Overweight (25 to <30 kg/m2) 139 (40.5) 43 (36.4) 26 (40.0)

   Obese (≥30 kg/m2)   85 (24.8) 37 (31.4) 19 (29.2)

a
Percents do not include missing values
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