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Abstract

but lipid profiles were similar.

Objective: Skin tags are associated with an insulin resistant phenotype but studies in White Europeans with morbid
obesity are lacking. We sought to determine whether the presence of cervical or axillary skin tags was associated with
increased cardiovascular risk in Irish adults with morbid obesity. We conducted a cross-sectional study of patients
attending our Irish regional bariatric centre with a BMI>40 kg m~2 (or > 35 kg m~2 with co-morbidities). We com-
pared anthropometric and metabolic characteristics in those with versus without skin tags.

Results: Of 164 patients, 100 (31 male, 37 with type 2 diabetes, 36 on lipid lowering therapy, 41 on antihypertensive
therapy) participated. Mean age was 53.7 £ 11.3 (range 31.1-80) years. Cervical or axillary tags were present in 85
patients. Those with tags had higher systolic blood pressure 138.04 16.0 versus 125.1 £8.3 mmHg, p=0.003) and
HbA1c (46.5+ 13.2 versus 36.8+ 3.5 mmol/mol, p=0.017). Tags were present in 94.6% of patients with diabetes,
compared to 79.4% of those without diabetes (p=0.039). Antihypertensive therapy was used by 45.8% of patients
with skin tags compared to 13.3% without tags (p =0.018). In bariatric clinic attenders skin tags were associated with
higher SBP and HbA1c and a higher prevalence of diabetes and hypertension, consistent with increased vascular risk,
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Introduction

Obesity is known to cause increased mortality [1]
and morbidity [2] from diseases such as type 2 diabe-
tes. However, there is heterogeneity in the relationship
between excess body fat and disease risk. For exam-
ple, some patients develop diabetes at a relatively low
level of adiposity while others never develop diabetes,
even with morbid obesity [3]. Insulin resistance, the key
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defect linking obesity and type 2 diabetes [4], also drives
increased vascular risk [5]. However precise measure-
ment of insulin resistance in routine clinical practice
is usually not feasible [6]. Cutaneous markers of insulin
resistance include acanthosis nigricans, androgenetic
alopecia, acne, hirsutism and skin tags (acrochordons)
[6-8]. These benign, pedunculated papular lesions are
commonly located on the neck, axillae, eyelids and groin.
While their association with diabetes has long been rec-
ognized [9], skin tags are not usually considered in the
clinical assessment of patients or emphasized in clini-
cal practice guidelines and, rather like insulin resistance
itself, they represent an abstract academic considera-
tion at the patient’s bedside rather than a relevant and
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quantifiable indicator of vascular risk. Nonetheless, in
our clinical practice (in a regional bariatric centre in the
West of Ireland) we have found skin tags to be a useful
marker of insulin resistance in patients presenting with
atypical diabetes phenotypes [10, 11].

Skin tags are thought to arise from high levels of insu-
lin and associated growth factors causing proliferation of
epidermal fibroblasts [6]. They have been associated with
various indicators of increased vascular risk including an
adverse lipid profile [12-16], insulin resistance [17, 18],
impaired glucose metabolism [19, 20], elevated blood
pressure [14, 21] and components of the metabolic syn-
drome [7, 14, 21-23]. However all of these studies have
been done in non-white ethnic groups or those with-
out morbid obesity. Specifically, the clinical significance
of the presence of skin tags in White European patients
with morbid obesity has not been determined previously.
Also, the extent to which the presence of skin tags pre-
dicts an adverse cardiovascular risk profile in this group
is not clear. We sought to determine whether skin tags
were associated with an adverse vascular risk profile in a
predominantly white population of Irish adults attending
our bariatric centre for management of morbid obesity.

Main text

Patients and methods

This was a single centre cross-sectional study. The
study population included a convenience sam-
ple of patients>18 years old with a BMI (body mass
index) > 40 kg m~2 (or > 35 with co-morbidity) who were
attending a hospital-based bariatric outpatient depart-
ment. We excluded patients who were pregnant or unable
to provide informed consent. The local research ethics
committee approved the study (C.A. 952) on 19th July
2013. We reported the numbers of patients approached
and recruited in line with STROBE guidelines [24]. At
assessment, we obtained fully informed written consent
from each participant. We noted the use of cardioprotec-
tive medications such as antihypertensive and lipid low-
ering drugs. Weight was measured using a Seca® scale
and height with a Seca® Leicester stadiometer. Systolic
blood pressure (SBP) and diastolic blood pressure were
measured with an Omron® 705IT oscillometric device in
the left arm after the patient was sitting comfortably for
5 min. Ethnicity was self-reported.

Laboratory analysis

We analysed all blood samples locally in the Galway
University Hospitals’ Department of Clinical Biochem-
istry (certified to ISO 15189 2007 accreditation stand-
ard). HbA1lc was measured with high performance liquid
chromatography (Menarini® HA8160 auto-analyzer).
Total cholesterol was measured using the CHOP-PAP

Page 2 of 6

method. High density lipoprotein (HDL)-cholesterol and
triglycerides were measured using the enzymatic and
the GPO-PAP methods, respectively (Roche COBAS®
8000 modular analyzer). Low density lipoprotein (LDL)-
Cholesterol was derived with the Friedewald equation
[25]. We derived the triglyceride:HDL-cholesterol ratio
(THDLR) as a surrogate marker of insulin resistance [26].

Dermatological assessment

A single investigator (CC) conducted all patient dermato-
logical assessments having undergone a period of clinical
instruction in acrochordon assessment by a consultant
dermatologist (AM) and according to a standard oper-
ating procedure. Each participant was given the oppor-
tunity to have a chaperone present for the examination.
Where acrochordons were present, their location (axil-
lary or cervical), number and size were documented. We
did not examine patients for the presence of inframam-
mary or groin skin tags, as we felt that this would not be
relevant to routine bariatric clinical assessment.

Statistical analysis

We determined the differences between participants with
versus those without skin tags using the unpaired t-test
and differences in proportions were assessed with the
Chi-square test. Where we found differences in those
with versus without skin tags, we assessed the influence
of confounders such as medication usage, sex, age and
BMI using binomial logistic regression with the presence
of any skin tags being the response variable. We used lin-
ear- as well as ordinal-regression to determine whether
the number of skin tags (either as a continuous or cate-
gorical dependent variable) was associated with vascular
risk factors. We chose “no skin tags” as the reference cat-
egory. A p-value of <0.05 was deemed to be statistically
significant. All analyses were performed using SPSS ver-
sion 24.

Results

Between December 2012 and June 2014, 164 patients
attended our facility and of these, 100 agreed to partici-
pate in the study. The male: female ratio was 1:2.2. There
was one patient of Black African descent, five of Irish
Traveler descent and 94 of White European descent.
The mean age was 53.7+11.3 (range 31.1-80) years. The
mean number of skin tags was 10.5 4 18.4 (range 0—135).
Tags were present in 85 patients and absent in 15. Skin
tags were present only in the axillae in 30 patients, only
on the neck in 11 patients and 44 patients had skin tags
in both the axillae and the neck. 62 patients had three or
more skin tags while 38 had less than three. 12 patients
were current smokers while 88 were previous or never
smokers. 14 patients reported a current or past history
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of sleep apnea while 4 had previous bariatric surgery. 41
patients were currently taking antihypertensive therapy
(59 were not), 37 were taking medication for type 2 dia-
betes (none had type 1 diabetes) and 36 patients were
taking lipid lowering therapy (either statin or fibrate). Of
the 37 patients with diabetes, 35 had skin tags (94.6%),
compared to 50 of 63 patients without diabetes (79.4%,
p=0.039). Put another way, 59% of those with skin tags,
compared to 13% of those with no tags had diabetes. Skin
tags were present in 79.7% of female and 96.8% of male
patients (p=0.027). 45.8% of patients with skin tags com-
pared to 13.3% with no tags were on antihypertensive
therapy (p=0.018), while 38.8% and 20%, respectively,
were on lipid lowering therapy (p=0.16).

The anthropometric and metabolic characteristics of
study participants with any skin tags compared to those
with no skin tags are presented in Table 1. Those with any
skin tags had higher SBP and fasting blood glucose and a
higher HbA1lc. There was a (statistically non-significant)
trend to higher THDLR in those with skin tags, consist-
ent with them being more insulin resistant. Likewise,
there were non-significant trends to increased weight
and diastolic blood pressure in those with versus those
without any skin tags.

Results from logistic regression analyses, with the pres-
ence or absence of any skin tags as the binary dependent
variable are shown in Table 2. For every rise of 1 mmHg
in SBP, the likelihood of having any skin tags increased
by 7.5% (p=0.005) while patients with hypertension were
5.5 times more likely to have skin tags than patients with
normal SBP (p=0.031). However, the association with
hypertension was no longer significant after adjusting for
age and sex, both of which had a borderline significant
association with skin tag presence, as shown in Table 2.
There were non-significant trends to men having a 7.6
times greater likelihood than women to have skin tags
(p=0.055) while for every year older, there was a non-
significant trend to a 5.1% increase in the likelihood of
skin tags (p=0.067). Similarly, there was a non-signifi-
cant trend to a 4.55-fold increased likelihood of any skin
tags in patients with diabetes compared to those without
diabetes (p =0.055). Those with tags had a higher HbAlc,
but not after adjusting for age and sex. The borderline dif-
ference observed in the THDLR using the unpaired t-test
was not replicated using logistic regression in unadjusted
or adjusted analyses.

In linear regression models with the number of skin
tags being the dependent or outcome variable, male sex
was strongly associated with skin tags (p=15.85 [8.61,
23.09], p<0.001). In other words, men had approximately
16 more skin tags than women. There was no statisti-
cally significant association between age and skin tags
(B=0.32 [-0.003, 0.63], p=10.052).
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Table 1 Baseline characteristics and clinical
measurements of adults with morbid obesity comparing
those with either axillary or cervical skin tags to those
with no skin tags

Variable No skintags Any skintags p-value
n 15 n 85
Weight (kg) 1221 £153 1302 =£274 0.113
Height (m) 161  +007 168 £0.11 0.007*
Waist circumference (cm) 1337 +£128 1363 =+189 0611
BMI (kg/m?) 471 +£66 46  £78 061
Systolic blood pressure 1251 483 1380 +£160 <0001
(mmHg)
Diastolic blood pressure 804 +£97 856 97 0.094
(mmHg)

Total cholesterol (mmol/L) 5 +10 46 +12 0.19
LDL cholesterol (mmol/L) 3.1 +09 26 +12 0.136
HDL cholesterol (mmol/L) 13 +03 12 +0.3 0329
Triglycerides (mmol/L) 1.5 +07 18 +1.1 0351
Triglyceride:HDL 1.3 +06 1.7 +14 0.054
total cholesterol (mmol/L) 53 +08 48 +12 0.155
LDL cholesterol (mmol/L) 34 +07 28 +1.1 0.103
HDL cholesterol (mmol/L)" 12 +02 12 +03 0.993
Triglycerides (mmol/L)¢ 16 +07 1.7 +1.0 0.712
Triglyceride:HDL® 1.3 +06 16 +14 0.543
Total cholesterol (mmol/L)® 39 +08 42 +13 0.666
LDL cholesterol (mmol/L)? 19 +03 23 +12 0.587
HDL cholesterol (mmol/L) 15 £07 11 403 0.128
Triglycerides (mmol/L)? 1.1 +03 19 +12 0.288
Triglyceride:HDL ratio® 09 +05 18 +15 0.306
Glucose (mmol) 5.1 +05 66 +25  <0001*
HbA1c (mmol/mol) 378 435 465 +£132 <0001
Glucose (mmol)? 5 +05 57 +19 0.189
HbA1c (mmol/mol)® 368 £22 407 +£105 0.201
Glucose (mmol)® 56 404 79  £27 0.244
HbA1c (mmol/mol)® 44 +42 539 £127 0.289
Functional capacity (MET max) 6 +17 6.1 +20 0.859

Data are presented as means =+ standard deviations
@ Denotes subgroup without diabetes (no skin tags n= 13, skin tags n=>50)
b Denotes subgroup with diabetes (no skin tags n=2, skin tags n=35)

¢ Denotes subgroup not on lipid lowering agent (no skin tags n =12, skin tags
n=52)

d Denotes subgroup on lipid lowering agent (no skin tags n=3, skin tags
n=33)

# p-value<0.05

Next, we compared anthropometric and metabolic
characteristics in participants with both cervical and
axillary skin tags to those who had no skin tags (Addi-
tional file 1: Table S1). As before, there were significant
differences in glucose and HbAlc, but in addition to SBP,
diastolic blood pressure was also elevated and there was
a significant difference in weight of 14.8 kg in those with
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Table 2 Logistic regression model comparing the influence of various clinical features on the likelihood of having any

skin tags versus none, in patients with morbid obesity

Variable Beta (logit) S.E. Exp (Beta) 95% CI p-value
Sex 2033 1.060 7.636 [0.957,60.939] 0.055
Age 0.05 0.027 1.051 [0.997,1.109] 0.067
Diabetes status 1515 0.791 4.55 [0.966, 21.439] 0.055
Diabetes status® 1.357 0.808 3.883 [0.797,18.906] 0.093
Hypertension status 1.707 0.790 5511 [1.171,25.929] 0.031%
Hypertension status® 1.316 0.822 3728 [0.745,18.666] 0.109
SBP 0.073 0.026 1.075 [1.022,1.132] 0.005*
SBP? 0.064 0.026 1.066 [1.013,1.122] 0.014*
HbA1c 0.107 0.05 1113 [1.01,1.227] 0.031*
HbA1c® 0.082 0.048 1.086 [O 988, 1.194] 0.089
THDLR 0376 0338 1457 [0.752,2.824] 0.265
THDLR? 0.271 0313 1.311 [0.71,2418] 0.387

Beta is the logit or estimated log odds of having any skin tags for every one unit rise in the variable measure

Exp (B) is the exponential of Beta. (So for example for every mmHg rise in systolic blood pressure, there is a 7.5% increased likelihood of having skin tags)

S.E standard error for Beta, CI confidence interval, SBP systolic blood pressure, THDLR triglyceride: HDL-cholesterol ratio

@ Adjusted for age and sex

# p-value <0.05

axillary and cervical tags compared to those with none.
We compared patients who had axillary skin tags versus
those without axillary skin tags, with the only significant
difference being greater height and weight in those with
axillary skin tags (Additional file 1: Table S2). Finally, we
found that compared to patients without cervical skin
tags, those with cervical skin tags had higher systolic and
diastolic blood pressure, with higher BMI and a (border-
line significant) higher waist circumference and weight
(Additional file 1: Table S3).

Discussion

In a predominantly White European cohort of Irish
adults with morbid obesity, skin tags were more preva-
lent in patients with diabetes and hypertension and were
associated with higher SBP and HbAlc. However, there
were no differences in lipid profiles and the trend to an
increased triglyceride:HDL cholesterol ratio in those with
skin tags, suggestive of insulin resistance, did not reach
statistical significance.

The population is predominantly White European, so
while it limits the generalizability of the results to other
ethnic groups, it also reduces random error from varia-
tions in hereditary influences on the relationship between
skin tags and vascular risk factors. Given that a specially
trained single operator (CC) carried out the dermato-
logical examination according to a standard protocol and
under expert dermatological guidance (AM), we have
minimized information bias and inter-observer subjectiv-
ity in acrochordon assessment.

We found skin tags in 85 (85%) of our cohort compared
to 236 (52.4%) in a Turkish study looking at cutaneous
manifestations in obese participants [27]. Our findings
of elevated blood glucose and HbAlc in patients with
skin tags are consistent with observations in Indian [19,
21] and Turkish [20] cohorts. Similarly, Iranian [18] and
Egyptian [17] cohorts have described impaired insulin
sensitivity in those with skin tags. However the differ-
ences in the various components of the lipid profile were
not more apparent in our study. Four different Indian
studies [12, 13, 16, 23] and one from Turkey [14] have
found atherogenic lipid profiles associated with skin tags.

Our findings need to be retested in larger studies. The
utility of skin tags as a meaningful sign of insulin resist-
ance and increased vascular risk remains to be deter-
mined. Indeed, we have not sought to quantify directly
insulin resistance in this study, though this would clearly
have been valuable. Currently, insulin resistance is an
abstract and poorly defined state in routine clinical prac-
tice, relying to some extent on the physician’s “gestalt”.
Hence there is a need to identify and validate novel sur-
rogate clinical and metabolic measures of insulin sensi-
tivity and vascular risk, such as has already been done
with waist circumference [28] and adipokines [29],
respectively.

Conclusion

In summary our findings are novel in the context of skin
tags being associated with an adverse cardiovascular risk
profile in Irish adults with morbid obesity. Further studies
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comparing differences in insulin sensitivity and cardio-
vascular risk in patients with skin tags seem warranted.

Limitations

The sample size was determined by a convenience sam-
ple of patients attending our bariatric service over
18 months, and we cannot assume that our results are
generalizable to adults with morbid obesity not attend-
ing hospital bariatric services—there may have been
some selection bias in the population studied. We did
not collect data on the type of diabetes medications and
these may have influenced THDLR. A larger number of
patients would be helpful in more precisely elucidating
the influence of sex, age and ethnicity on the relationship
between tags and adverse phenotype.

Supplementary information

Supplementary information accompanies this paper at https://doi.
org/10.1186/513104-020-05006-4.

Additional file 1: Table S1. Anthropometric and metabolic characteristics
for adults comparing both axillary and cervical skin tags versus none.
Table S2. Anthropometric and metabolic characteristics for adults com-
paring axillary skin tags versus those with no axillary skin tags. Table S3.
Anthropometric and metabolic characteristics for adults comparing cervi-
cal skin tags versus those with no cervical skin tags.
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