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Abstract

Background—Obesity is a risk factor for venous disease. We tested the associations between
adipokines and the presence and severity of venous disease.

Methods—~Participants for this analysis were drawn from a cohort of 2,408 employees and
retirees of a university in San Diego who were examined for venous disease using duplex
ultrasonography. From this cohort, a case-control study sample of all 352 subjects with venous
disease and 352 age-, sex- and race-matched subjects without venous disease were included in this
analysis. All subjects completed health history questionnaires, had a physical examination with
anthropometric measurements and venous blood analyzed for adipokines.

Results—After adjustment for age, sex and race, those with venous disease had significantly
higher levels of body mass index (BMI), leptin and interleukin-6. Levels of resistin and tumor
necrosis factor-alpha were also higher but of borderline significance (0.05 < p < 0.10). Compared
to the lowest tertile and with adjustment for age, sex, race and BMI, the 2" and 3' tertiles of
resistin (Odds Ratios: 1.9 & 1.7 respectively), leptin (1.7 & 1.7) and tumor necrosis factor-alpha
(1.4 & 1.7) were associated with increasing severity of venous disease. Conversely, a 5 kg/m?
increment in BMI was associated with an increased odds (1.5) for venous disease, which was
independent of the adipokines included in this study.

Conclusions—Both obesity and adipokines are significantly associated with venous disease.
These associations appear to be independent of each other suggesting potentially different
pathways to venous disease.

INTRODUCTION

Chronic venous disease is relatively common in general clinical practice and can be
associated with significant morbidity among those afflicted. The disease ranges from
dilation of cutaneous venules (“telangiectasias”) to varicose veins to deep venous
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thrombosis (DVT) and, potentially, pulmonary thromboembolism. Individuals with a history
of DVT may develop post-thrombotic syndrome (PTS), which resembles chronic venous
disease clinically. Clinical features of PTS include pain, pruritus, swelling, eczematous skin
changes, development of varicose veins and leg ulcerations.[1]

Little is known about the potential risk factors for the development of chronic venous
disease. However, several studies have shown obesity to be a risk factor,[2-4] as well as
associated with the severity of chronic venous disease.[4, 5] An important epidemiologic
consideration for understanding the link between increased adiposity and chronic venous
disease is whether the pathophysiology involves inflammatory changes associated with
obesity. In this regard, recent research has identified various cytokines that are released from
adipose tissue.[6-8] These adipokines are physiologically active, affect metabolic processes
and have been associated with cardiovascular disease morbidity.[9-13] Examples of
adipokines include interleukin-6, adiponectin, leptin, resistin and tumor necrosis factor-
alpha. The aim of this study was to test the hypothesis of significant associations between
the adipokines and the presence and severity of chronic venous disease that are independent
of the degree of obesity (i.e. body mass index) and other relevant risk factors.

METHODS

Participants

The San Diego Population Study consists of 2,408 men and women randomly selected from
employees and retirees the University of California, San Diego [14, 15]. This population is
comprised of 1) current employees and retirees who were selected at random within sex,
ethnic and age-decade strata, 2) the spouse/significant other of those listed in 1) and who
may or may not be a UCSD employee or retiree themself, 3) volunteers and 4) the spouse/
significant other of the volunteers. VVolunteers learned of the study by word of mouth from
other UCSD employees. Participants self-defined their race/ethnicity as: “White, not
Hispanic”, “Hispanic/Chicano”, “African American”, “Asian/Pacific Islander”, “Native
American”, or “Other”.

Information on personal and family health history and anthropometric measures was
collected and a physical examination performed. Thrombosis history was defined during a
structured interview as self-report of superficial or deep vein thrombosis or pulmonary
embolus that had been treated with anticoagulants. Superficial vein thrombosis was defined
as a positive response to a history of a “blood clot, phlebitis or inflamed vein” in a
superficial leg vein. Serious leg injury was defined as fracture, burn, gunshot or stab wound,
or crush injury. Prior surgery was defined for analysis as lying for surgery for longer than
one hour. Venous surgery was defined as sclerotherapy injection, vein stripping or ligation
or other surgery for a “problem with veins in your legs”. Using a questionnaire that was
based on an empirical literature review of commonly reported symptoms in venous disease,
participants were asked in standardized fashion whether they had leg symptoms of aching,
heaviness, itching, tired, swelling, or cramping either in the past or currently.

A case-control study population was drawn from the 2,408 participants. We selected
hierarchical case groups (Groups 1 — 5) with increasing severity of peripheral venous disease
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based on a priori definitions using clinical and ultrasound characteristics (see below). Group
classification did not consider a history of venous thrombosis. Presence of varicose veins
(VV) and telangectasias were not considered in the case group definitions, nor was
superficial functional disease (SFD) in the absence of other findings. For example, an
individual with SFD but no trophic changes of the skin (TCS) or edema was excluded. Each
participant was classified based on his or her worst leg. There were 725 participants who did
not meet criteria for being a case or control and they were excluded from all analyses.

The control group (“Group 1) was selected from 1,313 participants with no SFD or deep
functional disease (DFD) on ultrasound; no edema, VV or TCS on physical exam; and no
reports of leg aching. There were 370 subjects classified with chronic venous disease
(Groups 2 — 5). Among the cases, the lowest severity group (“Group 2”) consisted of 125
participants with DFD on ultrasound and TCS, aching or edema. The next group (“Group
3”) consisted of 137 participants with SFD on ultrasound and either TCS or edema (n=113)
or TCS and a normal ultrasound (n=24). “Group 4" consisted of 59 participants with DFD
on ultrasound and leg aching or edema but no TCS. The last group (“Group 5”) consisted of
49 participants with DFD on ultrasound and TCS, regardless of symptoms.

Since eighteen cases did not have an adequate blood sample for analysis, the total case
group consisted of 352 participants. Therefore, we selected 352 controls from the overall
control group (n = 1,313) who were frequency (group) matched to cases on sex, 10-year age
group and ethnicity. Forty-three potential controls who were previously involved in a study
of peripheral artery disease[16] were excluded from selection as they had limited blood
samples[16].

Clinical Examination

Duplex ultrasound was used with standardized methods to provide quantitative information
on the degree of valvular insufficiency (reflux time), flow velocity and the degree and
location of obstruction.[17] The Acuson model 128 duplex ultrasonography (Siemens
Corporation, Mountain View CA) with a 5-MHz transducer was used as previously
published.[14] Valvular insufficiency was defined as reflux or Valsalva reflux duration of
>= 0.5 seconds. Partial and complete venous obstruction was assessed by the degree of
compressibility of the venous walls, with normal defined as complete compressibility.
Superficial venous functional disease and DFD were defined as reflux on ultrasound or
abnormal compression in superficial and deep veins, respectively. We classified 26 legs with
a clinical history of vein stripping as SFD if the examination was normal. The classification
of normal, SFD, or DFD was mutually exclusive and hierarchical.[14]

Visible venous disease corresponded to the Clinical Etiologic Anatomic Pathologic (CEAP)
classification categories: CO (none), C1 (telangectasias or reticular veins), C2 (varicose
veins; VV), C3 (edema), C4 (pigmentation, eczema, lipodermatosclerosis or atrophie
blanche), C5 (healed venous ulcer), C6 (active venous ulcer). Categories were collapsed into
hierarchical categories of normal, telangectasias (C1), VV (C2), edema (C3) or trophic
changes of skin (C4-6). Edema was considered separately.
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Laboratory Methods

Blood was drawn and centrifuged within 3 hours, plasma was stored at =70 degrees Celsius.
Participants were not necessarily fasting (13% fasted >= 8 hours, 30% >= 4 hours, 49% >=3
hours and 72% >= 2 hours), but the distribution of time since eating was the same in the two
groups (3.8 hours vs. 3.8 hours, p = 0.92). Interleukin-6 levels were determined by ELISA
(R&D Systems, Minneapolis, MN) while adiponectin, leptin, resistin and tumor necrosis
factor- alpha were measured using Bio-Rad Luminex flow cytometry (Millepore, Billerica,
MA). Average analytical coefficients of variation across several control samples for these
analytes ranged from 6.0-13.0%. The analysis of the blood samples was conducted at the
Laboratory for Clinical Biochemistry Research (University of Vermont, Burlington, VT).

Statistical Analysis

Data were first examined for systematic missing data and the presence of outliers. For the
outliers above or below assay detection limits, rather than exclude these subjects, we
imputed values. For those below the detectable limit, we assigned a value half way between
0 and the lowest detectable value. For those above, we assigned a value 5% above the
highest detectable value. Analysis of variance was used to compare study groups on baseline
characteristics and adipokine levels, and to compute age, sex, and race adjusted means. Odds
ratios for factors related to both prevalent venous disease, as well as increasing severity of
venous disease across the study groups, were computed using unconditional binary and
ordinal logistic regression, respectively.[18] In these models, we adjusted for age, sex and
race to account for any residual confounding not accounted for by matching. Odds ratios
were computed separately for tertiles of the adipokine (based on the distributions in the
controls), as well as for 1 standard deviation unit increases. Analyses were conducted using
SAS v.9.1 (Cary, NC: SAS Institute Inc.).

RESULTS

The characteristics of the study population stratified by case status are provided in Table 1.
After adjustment for age, sex and race, those with venous disease were not different than
those without venous disease across many sociodemographic and comorbidity variables
except body mass index (29.1 vs 27.5 kg/m?2, respectively: p < 0.01). However, those with
venous disease had higher levels of leptin (21.9 vs. 17. 3 ng/ml, p < 0.01) and interleukin-6
(2.37 vs. 1.93 pg/ml, p = 0.01), while also having levels of resistin (16.1 vs. 15.0 ng/ml, p =
0.09) and tumor necrosis factor-alpha (2.91 vs. 2.66 pg/ml, p = 0.07) that were higher and of
borderline statistical significance (0.05 < p < 0.10). As expected, those with a history of
venous disease were more likely to have a history of serious leg injury, treatment for venous
thrombosis, history of any venous surgery and a family history of either venous thrombosis
or venous ulcer.

Table 1 also shows the characteristics of the cases and the controls by severity of venous
disease. With increasing severity of venous disease there was a trend for higher levels of
body mass index. There was also a trend for a higher prevalence of a history of serious leg
injury, treatment for venous thrombosis, any venous surgery, and a family history of venous
thrombosis. With increasing severity of venous disease there were trends for higher levels of
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leptin, tumor necrosis factor alpha and interleukin-6, but not adiponectin. There was a
suggestion of a trend for resistin, which was of borderline statistical significance (p = 0.07).

To determine the associations between the different adipokines and body mass index, we
computed age, sex and race adjusted mean values across four mutually exclusive categories
of BMI (< 20.0, 20.0 — 24.9, 25.0 — 29.9, >= 30.0 kg/m?2) among the entire cohort. The
results are depicted in Figure 1. With increasing BMI, there were corresponding increases in
resistin, leptin, tumor necrosis factor alpha and interleukin-6 while adiponectin decreased
across these levels of BMI. Although the largest changes were found for leptin and
adiponectin, all of the trends were statistically significant.

The odds for the presence of venous disease for each of the adipokines are shown in Table 2.
After adjustment for age, sex and race, the highest tertile of resistin, leptin and interleukin-6
were associated with the presence of chronic venous disease while the association with
tumor necrosis factor — alpha was of borderline significance. With additional adjustment for
body mass index, the associations for resistin and interleukin — 6 remained statistically
significant. Additionally, and in general, the magnitude of the associations between the
second tertile of the different adipokines and chronic venous disease were similar to those
for the third tertile except for interleukin-6, which was markedly smaller.

Ordinal logistic regression was used to determine the magnitude and significance of the
associations between the different adipokines and increasing severity of chronic venous
disease (Table 2). Severity ranged from Group 1 (lowest) to Group 5 (highest). With
adjustment for age, sex and race, and compared to the lowest tertile, the 2"d and 3™ tertiles
of resistin, leptin, tumor necrosis factor-alpha and interleukin-6 were associated with
increasing severity of chronic venous disease. With additional adjustment for BMI (model
2), the associations for tumor necrosis factor-alpha and interleukin-6 were attenuated but
both upper tertiles in the former remained significantly associated with increasing severity
of chronic venous disease while only the highest tertile of interleukin-6 was significant.
Moreover, the additional adjustment for BMI did not change the significance of the
associations between resistin or leptin and severity of chronic venous disease, although the
odds ratio for the third tertile of resistin, as well as both upper tertiles of leptin, were
modestly attenuated. Replacing BMI with waist circumference in these models did not
materially change the results. Similarly, further adjustment for family history of venous
ulceration did not affect those associations. Adiponectin was not associated with severity of
chronic venous disease in any of the models.

We also conducted multivariable analysis where all of the adipokines were included in the
same model (Figure 2). In this model and after additional adjustment for age, sex, race and
body mass index, both tertiles of resistin and leptin remained associated with increasing
severity of chronic venous disease while only the third tertiles of tumor necrosis factor —
alpha and interleukin — 6 were associated. As before, replacing BMI with waist
circumference did not materially change the results. To summarize, when compared to
models where the adipokines were analyzed separately, the results from the model that
contained all of the adipokines were essentially unchanged for resistin, attenuated for both
tertiles of leptin and interleukin — 6 and attenuated for one of the tertiles for adiponectin and
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tumor necrosis factor — alpha. Of all of the adipokines, leptin had the largest associations
with the severity of chronic venous disease.

Table 2 also shows the association of 1 standard deviation increments of each adipokine
with both the presence and severity of chronic venous disease. After adjustment for age, sex
and race, 1 — SD increments in leptin and interleukin-6 were associated the presence of
chronic venous disease. However, additional adjustment for BMI attenuated the associations
so that they were no longer statistically significant. For increasing severity of chronic
venous disease and with adjustment for age, sex and race, there were significant associations
for resistin, leptin, tumor necrosis factor-alpha and interleukin-6. However, with additional
adjustment for BMI the associations for resistin and leptin were no longer significant while
the associations for tumor necrosis factor-alpha and interleukin-6 remained statistically
significant. Further adjustment for family history of venous ulceration had no substantial
impact on the results described above.

To determine if the adipokines mediated the association between the degree of obesity and
severity of venous disease, we conducted multivariable ordinal logistic regression and
examined the change in the odds ratio of body mass index when each adipokine was added
to the model. In these analyses, each adipokine was added separately to models including
age, sex, race and body mass index. With adjustment for age, sex and race, a 5 kg/m?
increment in body mass index was associated with a 50% higher odds for increasing severity
of venous disease (95% CI = 1.3 — 1.8). These odds increased to 1.6 (1.4 — 1.9) with the
addition of resistin and adiponectin (separately) and remained at 1.5 when leptin, tumor
necrosis factor — alpha and interleukin — 6 were added (separately). The results for waist
circumference were similar. Specifically, the odds for increasing severity of chronic venous
disease were 30 to 50% higher (95% CI range: 1.2 — 1.6) for a 10 cm increment in waist
circumference with the addition of each adipokine separately. When all of the adipokines
were included in the model, a 10 cm increment in waist circumference was associated with a
20% higher odds (1.1 — 1.4) for increasing severity of chronic venous disease.

DISCUSSION

In this case-control study of employees and retirees of a large state-funded university in San
Diego, several adipokines were associated with both the presence and severity of peripheral
chronic venous disease independent of body mass index and family history of venous ulcer,
factors related to venous disease severity in this population. Specifically, after full
adjustment and compared to the lowest tertile, those in the highest tertile for resistin, leptin
and tumor necrosis factor-alpha had 70% higher odds for increasing severity of venous
disease while those in the highest tertile of interleukin-6 had an 80% higher odds.
Additionally, those in the middle tertile of resistin, leptin and tumor necrosis factor-alpha
had a higher odds of worse chronic venous disease (90, 70 and 40%, respectively).
Additionally, when all of the adipokines were included in the same model, the associations
were largely unchanged with leptin having the largest magnitude of the associations. These
results suggest that higher levels of the adipokines studied increase the odds for venous
disease, as defined here, beyond the severity or distribution (i.e. BMI vs. waist
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circumference) of obesity itself and that the adipokines may influence venous disease
independent of one another.

Overall, one of every three patients with a history of deep-vein thrombaosis of the lower
extremities will develop chronic venous disease that varies from minor signs to severe
manifestations such as chronic pain, intractable edema, and leg ulceration.[19] The
pathophysiology of this disease is thought to include venous hypertension due to persistent
outflow obstruction or valvular incompetence, as well as abnormal lymphatic function.[20]
In this regard, increasing abdominal adiposity results in higher intra-abdominal pressure[5],
which can result in venous stasis[21] and has been implicated as a contributing factor to the
development of chronic venous disease.

Previous clinical studies support the hypothesis of a link between increasing adiposity and
chronic venous disease. For example, Danielsson and colleagues found a significant
association between obesity and the severity of chronic venous disease defined as both skin
changes and incompetent valve (reflux) disease.[5] Moreover, obese individuals are more
likely to develop more severe forms of chronic venous insufficiency.[22] For instance, in the
parent study for these analyses, waist circumference was significantly and independently
associated with the presence of severe chronic venous disease in both men and women.[23]
However, the association may not be limited to those classified as obese since a study of
young women found that a BMI greater than 22 was associated with over a 4-fold higher
risk for incident chronic venous disease.[24] Given this, we speculated that there might be
other factors associated with adiposity that result in a higher risk for chronic venous disease
(e.g. adipokines).

Adipokines are polypeptides produced by adipose tissue that have potent autocrine,
paracrine, and endocrine functions. They include leptin, adiponectin and resistin, as well as
cytokines of the immune system, such as tumor necrosis factor — alpha and interleukin — 6.
Leptin, adiponectin and interleukin 6 are secreted by adipose tissue itself while resistin and
tumor necrosis factor — alpha are produced by the stromovascular fraction.[25-28] Plasma
levels of these adipokines increase with higher levels of adiposity except for adiponectin
which is inversely related to visceral fat accumulation. All of these adipokines contribute to
the chronic inflammatory state that characterizes higher levels of adiposity.[27] For
example, leptin influences monocyte activation, phagocytosis, and cytokine production.[29]
Similarly, interleukin - 6 alters regulates hepatic production of fibrinogen and C-reactive
protein, is procoagulant and stimulates adhesion of circulating leucocytes to the vascular
endothelium.[30]

Beyond their effects on inflammation, these cytokines also contribute to the metabolic
consequences of obesity to include insulin resistance and subsequently, the metabolic
syndrome and diabetes mellitus.[27] In contrast to the substantial literature linking these two
conditions to arterial diseases such as atherosclerosis, studies are sparse on how these
diseases affect the venous system. However, epidemiologic studies indicate an increased risk
for both deep venous thrombosis and venous thromboembolism among those with the
metabolic syndrome or diabetes[31-33] and it is postulated that the increased risk is due to
systemic effects on coagulation and fibrinolysis.[34] Whether the associations of adipokines
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with chronic venous disease are partially or completely mediated by the metabolic
consequences of insulin resistance and glucose dysregulation is currently unknown.

In our study, the association between the adipokines and chronic venous disease was
independent of body mass index or waist circumference suggesting that adipokines may
affect venous function independent of the mechanical consequences of increased intra-
abdominal pressure. To further test this hypothesis, we conducted analyses examining the
association between the degree of obesity (vis-a-vis body mass index or waist
circumference) and the severity of venous disease that included adjustments for the different
adipokines. In these analyses, the magnitudes and significances of the associations between
venous disease and increasing increments of either body mass index or waist circumference
disease was not materially influenced by the addition of any of the adipokines to the models.
These results suggest that the relationship between obesity and chronic venous disease is not
mediated by the adipokines. Accordingly, we believe this indicates that there may be two
pathways by which adipose tissue is linked to venous disease: 1) mechanical effects of
increased intra-abdominal pressure and 2) inflammatory/metabolic effects of adipokines.
Given the paucity of research in this area, more studies are definitely needed to confirm
these results.

The strengths of our study include the population studied and careful ascertainment of
clinical, imaging and biochemical risk factors. Limitations include the study design, reliance
on self-report of previous venous thrombosis to classify participants and lack of information
on duration of venous disease. The case-control design limits claims to causality and does
not allow for strict assessments of mediation. However, we have used the latter term to
describe the analyses on the association between body mass index and chronic venous
disease since adipokines are elaborated from adipose tissue and have “downstream” effects.
Importantly, we are currently conducting a prospective study of incident venous disease that
is a follow-up of the San Diego Population Study and will expand upon the findings
presented above. As for self-report of venous thrombosis, it is possible that some individuals
experienced previous thrombosis and did not report it. However, since thrombosis is
relatively rare and typically associated with significant clinical symptoms resulting in
clinical examination, we believe the impact of this on our findings is likely small.

In conclusion, the results of the current study indicate that higher levels of cytokines
released from adipose tissue are associated with an increased risk for the presence and
increasing severity of venous disease, independent of the degree of obesity. Additional
analyses also revealed that the adipokines studied do not likely mediate the association
between obesity and venous disease suggesting distinct mechanisms by which higher
adiposity results in an increased risk for chronic venous disease. Future studies, especially
those that are longitudinal in nature, are warranted to further refine the current knowledge of
the association between obesity and chronic venous disease.
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Figure 1.
Mean Levels of the Different Adipokines across Distinct Categories of Body Mass Index

Adjusted for age, sex and race
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Figure 2.

Odds for Increasing Severity of Chronic Venous Disease in a Model Simultaneously
Including Multiple Adipokines

Adjusted for age, sex, race and body mass index Comparing Tertiles 2 and 3 to Tertile 1
(Separately)
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