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ABSTRACT

There have been reports that the mean platelet volume changes in the way of increasing or decreasing in inflammatory diseases. We
also wanted to investigate whether there is such a change in the mean platelet volume in thyroid diseases.

The data of 1410 patients admitted to the endocrine outpatient clinic were reviewed retrospectively. Age, sex, thyroid disease
diagnoses, TSH(uIU/ml), fT3(pg/ml), fT4(ng/dl), MPV(fl) values were tecorded. The patients were divided into three groups
according to TSH levels and their diagnosis

This study included 1410 patients who were admitted to our endocrine outpatient clinic with a preliminary diagnosis of thyroid.
75.2% of the patients were female and 24.8% were male. The mean age of all patients was 47.87. The mean and standard deviation
value of MPV(fl) was 7.49+1.25. We divided the patients into 3 according to their TSH levels: those with TSH values less than 0.35
wIU/ml, those with TSH values 0.35-4.94 pIU/ml and TSH values 4.94 pIU/ml ' greater than. There was no significant correlation
between MPV and TSH (p=0.19).

At the subgroups according to the diagnosis; (subacute thyroiditis, Graves disease, toxic adenoma, toxic multinodular goiter,
hypothyroidism, tsh suppression in pregnancy, thyroid cancer, euthyroidism, suppressed TSH due to excessive drug use) there was no
significant correlation between MPV and TSH (p=0.11, p=0.56, p=0.50, p=0.06, p=0.14, p=0.53, p=0.33, p=0.30, p=0.91
respectively).

Is MPV a biomarker or can it play a role in thyroid diseases? According to our study, MPV is not considered as a suitable biomarker

for thyroid diseases.
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Introduction

Every organ in the body needs thyroid hormone (1).
The most important hormones produced by the
thyroid gland are thyroxine (T4), triiodothyronine
(T3) and reverse triiodothyronine (fT3)(1). Thyroid
stimulating hormone (TSH), secteted from the
anterior pituitary gland, controls thyroid hormones
(1). Since most thyroid diseases indicate an
inflammatory condition on the genetic background,
we investigated whether there was a relationship with
the mean platelet volume (MPV). Measuring MPV
can inform us about the course and outcome of some
inflammatory diseases (2). MPV indicates platelet
activation (3). It is a useful inflaimmatory biomarker
used in many diseases (3).

Materials and Methods

This study received permission from Karatay
University, Faculty of Medicine Ethics Committee.
Patient data were collected retrospectively.

Selection of cases for the study: We retrospectively
reviewed the files of 1410 patients who were admitted
to the endocrine outpatient clinic with a pre-diagnosis
of thyroid disease in the last 5 years. We recorded age,
gender, thyroid disease diagnosis, TSH, MPV. In the
study, we examined the relationship between TSH and
MPV in two ways: First, is there a change in MPV
value between patients with TSH suppression and
patients with normal or high TSH; Second, we looked
at whether there was a change between the diagnosis
of thyroid disease and MPV. We divided the patients
into 3 according to TSH levels. TSH value less than
0.35uIU/ml, TSH value 0.35-4.94 uIU/ml and TSH
value greater than 4.94 plU/ml. These values were
the reference values given in our laboratory. Normal
and high values of tsh were evaluated as control
groups in the study. When grouping thyroid diseases;
we considered TSH, fT3, fT4, scintigraphy, thyroid
USG, thyroid autoantibodies. Apart from the TSH
value, we divided the cases according to their
diagnosis  for further investigation; subacute
thyroiditis, Graves disease, toxic adenoma, toxic
multinodular goiter, hypothyroidism, TSH

*Corresponding Author: Mine 6ztiirk endocrinology-metabolism and internal medicine specialist Kto karatay university medicine faculty
medicana konya hospital
E-mail: drmineozturk@gmail.com, Fax:+90 (332) 235 65 56
ORCID ID: Mine Oztiirk: 0000-0002-2816-1688
Received: 11.08.2020, Accepted: 09.12.2020


https://orcid.org/0000-0002-2816-1688

Mine 6ztiitk / Relationship Between Tsh and Mean Platelet Volume

Independent-Samples Kruskal-Wallis Test

20,001

#*
-

15,0071

howlp 38 5

_I_J_EL

* *
* "

te4d 44
I

5,007

-

0,00 T T T T 1 T T T T T T
000 100 200 300 400 500 600 700 800 900 1000

Fig. 1. Histogram of the Relationship Between TSH and
MPV in Thyroid Diseases

MPV:Unit value:fl

0: Subacute thyroiditis

1: Graves

2: Toxic adenoma

3: TSH suppressed, normal scintigraphy

4: Toxic multinodular goiter

5. Euthyroidism (antibody positivity, nodule and/or
heterogeneity on ultrasonography)

6: Hypothyroidism

7: Tsh suppression in pregnancy

8: Euthyroidism(all values normal)

9: Thyroid cancer

10: Suppressed TSH due to excessive drug use

suppression  in  pregnancy, thyroid  cancet,
euthyroidism (all values normal), suppressed TSH due
to excessive drug use etc.

Biochemical tests: After 8 h fasting, morning blood
samples were taken to measure thyroid stimulating
hormone (TSH), free trilodothyronine (fT3) and free
thyroxine (fI4) on the ARCHITECT 72000SR
immunoassay analyzer (Abbott Diagnostics). The
patient and control groups had MPV levels measured
in venous blood samples placed in EDTA-standard
tubes using Abbott Cell-Dyn 3700 Hematology
Analyzer with the flow cytometry method.

Statistical Analysis: Statistical analysis was carried
out using the SPSS for Windows version 22.0
program and p < 0.05 was accepted as statistically
significant. The suitability of TSH and MPV variables
to normal distribution was examined by Kolmogorov-
Smirnov test. Since TSH and MPV variables are not
normally distributed, descriptive statistics should be
given in the median (25% -75%) percentile. Mann-
Whitney U test and Kruskal-Wallis ANOVA tests
were used for comparison by groups. The relationship
between TSH and MPV was investigated by
Spearman Correlation coefficient.

Results

This study included 1410 patients who were admitted
to our endocrine outpatient clinic with a pre-diagnosis
of thyroid disease. 75.2% of the patients were female
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Fig. 2. Distribution of MPV by sex

Frequency

and 24.8% were male. The mean age of all patients
was 47.87, the mean age of female patients 46.31, the
mean age of male patients 52.54. The mean and
standard deviation value of MPV(fl) was 7.49%1.25.
In women and men, the mean and standard deviation
value of MPV(fl) was 7.55%£1.26, 7.32+1.23
respectively.

We divided the patients into 3 according to their TSH
levels (Table 1, Figure 1): those with TSH values less
than 0.35 uIU/ml (n = 756, 53.76%, p=0.14), those
with TSH values 0.35-4.94 uIU/ml(n = 542, 38.54%,
p=0.51) and TSH values 4.94 pIU/ml greater than (n
= 108, 7.68%, p=0.85). Normal and high values of
TSH were evaluated as a control group in the study.

There was no significant correlation between MPV
and TSH in TSH suppressed, normal and high
patients (p=0.19); There was no correlation between
age and MPV (p = 0.20).

There was a significant relationship between age (p =
0.00) and sex (p = 0.00) in TSH suppressed, normal
and high patients. There was a correlation between
age and TSH. As age increased, tsh level increased (p
= 0.00). TSH levels were lower in men than in women
(p = 0.00).

When we look at subgroups; in subacute thyroiditis
patients (n=146) there was a minimal relationship
between age and TSH (p = 0.05) (As age increased,
TSH level increased), there was no significant
correlation between age and MPV (p = 0.72), and
between TSH and MPV (p = 0.11).

Although there was a significant correlation between
age and TSH (p=0.00) (As age increased, TSH level
increased); There was no significant correlation
between age and MPV (p=0.83), and between TSH
and MPV (p=0.506) in patients diagnosed with Graves
disease (n=170).

There was significant correlation between age and
TSH (p=0.03) (As age increased, TSH level
increased); There was no significant correlation
between age and MPV (p=0.36) and between TSH
and MPV (p=0.00) in patients with toxic multinodular
goiter (n=115).

There was no significant correlation between age and
TSH (p=0.52), and between age and MPV (p=0.62),
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Table 1. Relationship Between TSH and MPV According to TSH Levels and Diagnosis of Thyroid Disease

Groups N TSH (pIU/ml) MPV({l) CC P
Meant Mean®
standard deviation standard
deviation
TSH<0.35(uIU/ml) 761 0,09+0.01 7.36+1.45 0.05 0.14
TSH=0.35-4.94(nIU/ml) 539 1,63+1.00 7.5611.27 0.02 0.51
TSH>4.94(uIU/ml) 97 16,36+£25.48 7.40%1.28 -0.02  0.85
Subacute thyroiditis 146 0.70£3.71 7.37£1.10 0.13 0.11
Graves disease 170 0.221+0.48 7.60+1.56 -0.04  0.56
Toxic adenoma 68 0.221+0.47 7.3810.98 -0.08  0.50
Toxic multinodular goiter 115 0.221+0.63 7.59+1.54 0.17 0.06
Tsh suppression in pregnancy 9 0.10+0.10 7.30%0.66 0.23  0.53
Suppressed TSH due to excessive drug 14 0.0910.10 7.4910.95 0.03 0.91
use
Thyroid cancer 115 4.95+17.04 7.41%£1.29 0.09 0.33
a-RAT + 87 4.78+18.54 7.41%£1.33 0.09 0.40
b-RAI- 28 4.70+8.44 7.38%1.21 0.04  0.83
TSH was suppressed, normal 86 0.40+1.17 7.19+0.97 0.01 0.88
scintigraphy
Euthyroidism, (antibody positivity, 232 1.66+1.06 7.57%£1.15 0.12 0.05
nodule/heterogeneity on
ultrasonography).
Hypothyroidism 169 4.61+8.55 7.59+1.23 -0.11 0,14
Control(all thyroid values normal) 71 1.50£1.02 7.48+1.15 0.12  0.30

CC: Correlation coefficient
N: Number of cases

and between TSH and MPV (p=0.50) in patients with
toxic adenoma (n=068).

Although TSH was suppressed in patients with
normal scintigraphy (n=806); there was no significant
correlation between age and TSH (p=0.09), and
between age and MPV(p=0.35), and between TSH
and MPV (p=0.88).

There was no significant correlation between TSH
and age (p=0.73) and between age and MPV (p=0.39),
there was significant correlation between TSH and
MPV (p=0.05), in patients with normal TSH (n=232)
(however, there is antibody positivity, nodule and / or
heterogeneity on ultrasonography).

There was no significant correlation between age and
TSH (p=0.17), and between age and MPV (p=0.40),
and between TSH and MPV (p=0.14) in patients with
hypothyroidism (n=169).

There was no significant correlation between age and
TSH (p=0.35), and between age and MPV (p=0.93),
and between TSH and MPV (p=0.53) in patients
diagnosed with pregnancy and who had TSH
suppression (n=9).

There was no significant correlation between age and
TSH(p=0.14), age and MPV(p=0.26), and TSH and
MPV(p=0.33) in patients with thyroid cancer
(n=115). There was no significant correlation
between age and TSH, age and MPV, TSH and MPV
in patients with thyroid cancer who had received
radioactive iodine (p =0.11, p=0.09, p=0.40
respectively). There was no significant correlation
between age and TSH, age and MPV, TSH and MPV
in patients with thyroid cancer who did not receive
radioactive iodine (p =0.30, p=0.34, p=0.83
respectively).

There was no significant correlation between age and
TSH (p=0.65), and between TSH and MPV (p=0.91);
There was significant correlation between age and
MPV (p=0.05) in patients with hypothyroidism but
who had suppressed TSH due to excessive drug use
(n=14).

There was no significant correlation between age and
TSH (p=0.21), between age and MPV(p=0.39), and
between TSH and MPV(p=0.30) in patients with a
pre-diagnosis of thyroid disease and all values
(thyroid ultrasonography, TSH, fT3, fT4, antibodies)
were normal (n=71).
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When we look at gender (Figure 2); although there
was a significant correlation between age and TSH
(p=0.00) in female patients(n=10506), there was no
significant correlation between age and MPV
(p=0.20) and between TSH and MPV (p=0.37).
Although there was a significant correlation between
age and TSH (p=0.00) in male patients (n=354) ,
there was no significant correlation between age and

MPV (p=0.83) and between TSH and MPV (p=0.83)

Discussion

Thrombocytes are  extremely reactive blood
morphotic components (2). Increased 1L-6, IL-1 and
TNF-o in inflammation, stimulates precursor blood
cells (2). In this case, the blood platelet count
increases significantly (2). Platelets have very
important roles in inflammatory reactions and
immune response (4). MPV, the parameter that shows
this best, is widely used (4). MPV increases as
activated platelets increase (4). The mean platelet
volume (MPV) is probably the most extensively
studied platelet activation marker (5).

Hematological analyzers calculate MPV based on
volume measurement during routine blood testing (2).
2-5% of all platelets are composed of enlarged
platelets (2). The normal range of MPV is 7.5-12.0 fl
(2). In physiological events, such as maintaining
hemostasis and maintaining a fixed platelet mass,
MPYV varies inversely with the number of platelets (2).

Measuring MPV can inform us about the course and
outcome of some inflammatory diseases (2). MPV
increases in peripheral (4), cardiovascular, respiratory,
intestinal and rheumatological diseases, as well as in
cerebral stroke, chronic kidney failure, diabetes (4,2)
and some cancers (2). MPV decreases in acute
exacerbation of tuberculosis, ulcerative colitis, adult
SLE, and various neoplastic illnesses (2).

One of the most important components of routine
blood tests is MPV (3). MPV is associated with
increased platelet activation with the pathophysiology
of inflammatory diseases (3). In addition, MPV
changes due to platelet activation pose a great tisk for
cardiovascular disease. In studies conducted before us,
MPV  has been accepted as an inflammatory
biomarker in diabetes mellitus, cerebrovascular
disease and rheumatic diseases (3). In many
inflammatory diseases, there was a correlation
between inflammatory markers such as MPV, CRP
and erythrocyte sedimentation rate (3). For this
reason, MPV  shows platelet activation in
inflammatory diseases (3).

Kisacik et al., showed that MPV wvalue is a clue in
acute exacerbation in patients with ankylosing
spondylitis and rheumatoid arthritis (3).

Wang et al., demonstrated that MPV decreased in
patients with acute periodontitis, as connection with
the severity of periodontal inflammation (3).
Motreover, MPV has indicated an inflammatory
burden in diabetes mellitus and obese patients (3).

In a study of Conversion disorder patients MPV was
shown to reflect inflammation (6).

In contrast, another study has suggested that MPV is
not a biomarker that indicates acute exacerbation of
chronic obstructive pulmonary disease (3).

There were few studies investigating the association
between MPV and thyroid diseases. These studies
were limited to thyroid cancer and nodules.

Since most thyroid diseases indicate an inflammatory
condition on the genetic background, we investigated
whether there was a relationship with MPV.

Firat et al. found an increase in MPV in patients with
RAI in patients with papillary thyroid cancer, but did
not see this relationship in patients without RAI (7).
In our study, there was no correlation between MPV
levels in all patients with thyroid cancer (with or
without RAI).

In a study comparing thyroid cancer patients with the
control group, MPV levels were significantly lower in
cancer patients (8). However, in our study we did not
see such a change in MPV.

In a study of elderly patients with papillary thyroid
cancer, MPV was significantly reduced in patients
with hashimatone on the ground (9).

Thrombocyte indexes were examined in patients with
papillary thyroid cancer, no significant MPV changes
were observed (10).

In another study, there was no significant difference
between benign nodular goiter and papillary thyroid
cancer in terms of MPV level (11).

In addition, in another study, thete was no
relationship between the presence-size of thyroid
nodules and MPV (12).

Accordingly, we also examined the level of MPV in
thyroid diseases. Can MPV be used as a biomarker in
thyroid diseases; we examined it. We investigated
whether MPV decreased or increased in cases of
hyperthyroidism, hypothyroidism and euthyroidism.

Lippi et al. found a significant relationship between
tsh values and MPV in euthyroid elderly patients (13).
In our study, we did not find a significant relationship
between TSV and MPV whether patients were
hyperthyroid, euthyroid or hypothyroid. A Previous
study found that MPV increased in Graves' patients
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(14). Bagir et al. compared recurrent Graves' disease
with remission and found MPV significantly higher in
the recurrent group and attributed this state to
hypermetabolism (15). On the contrary we did not
find a relationship between Graves' disease and MVP
in our study.

In our study, we thought that MPV may change
because most thyroid diseases are chronic, triggering
inflaimmation (with autoantibodies) and genetic
predisposition. However, we could not obtain such
data. Even in patients with subacute thyroiditis
triggered by acute inflammation, we did not see any
change in MPV wvalues. In our study, MPV is not
considered as a suitable biomarker for thyroid
diseases.

Study Limitations: MPV showing platelet activation
can be affected by many factors that trigger
inflammation. When evaluating MPYV, it would be
better to evaluate it with other inflammatory
biomarkers such as CRP. In addition, it is necessary to
rule out conditions such as smoking, hypertension,
diabetes mellitus, hyperlipidemia.

Conclusion: Is MPV a biomarker or can it play a role
in thyroid diseases? Further and comprehensive
studies are needed.

Ethics: This study received permission from Karatay
University, Faculty of Medicine Ethics Committee.
Conflict of Interest: There is no conflict of interest.

References

1. 1-Shahid MA, Sharma S. Physiology, Thyroid
Hormone. StatPearls [Internet]. Treasure Island
(FL): StatPeatls Publishing 2019; 2019 Mar 23.

2. 2-Korniluk A, Koper-Lenkiewicz OM, Kaminska
J, Kemona H, Dymicka-Pickarska V. Mean
Platelet Volume (MPV): New Perspectives for an
Old Marker in the Course and Prognosis of
Inflammatory Conditions. Mediators Inflamm
2019; 2019: 9213074.

3. Ma, Zong D, Zhan Z, et al. Feasibility of mean
platelet volume as a biomarker for chronic
obstructive pulmonary disease: A systematic
review and meta-analysis. | Int Med Res 2019; 27:
300060519887886.

4. Korkmaz S. Mean platelet volume and platelet
distribution width levels in patients with mild
psoriasis  vulgaris with metabolic syndrome.
Postepy Dermatol Alergol 2018; 35: 367-371.

10.

11.

12.

13.

14.

15.

Vagdatli E, Gounari E, Lazaridou E, Katsibourlia
E, Tsikopoulou F,  Labrianou 1. Platelet
distribution width: a simple, practical and specific
marker of activation of coagulation. Hippokratia
2010; 14: 28-32.

Biytikaslan H, Asoglu M. Evaluation Of Mean
Platelet Volume, Red Cell Distributed Width And
Neutrophil To Lymphocyte Ratio In Conversion
Disorder. Neuropsychiatr Dis Treat 2019; 15:
2879-2884.

Yildiz S, Eker E, Ozturk M, Alay M. A
comparison of haemogram parameters of
patients with thyroid papillary cancer and nodular
goiter in Van, Turkey. ] Pak Med Assoc 2019; 69:
1642-1646.

Yu Y], Li N, Yun ZY, et al. Preoperative mean
platelet volume and platelet distribution
associated with thyroid cancer. Neoplasma 2017;
64: 594-598.

Wen W, Wu P, Li J, Wang H, Sun ], Chen H.
Predictive values of the selected inflaimmatory
index in elderly patients with papillary thyroid
cancer. | Transl Med 2018; 16: 261.

Dincel O, Bayraktar C. Evaluation of platelet
indices as a useful marker in papillary thyroid
carcinoma.

https:/ /www.ncbi.nlm.nih.gov/pubmed/2831941
0. Bratisl Lek Listy 2017; 118: 153-155.

Yaylaci S, Tosun O, Sahin O, et al. Lack of
Variation in  Inflammatory = Hematological
Parameters between Benign Nodular Goiter and
Papillary Thyroid Cancer. Asian Pac ] Cancer Prev
2016; 17: 2321-2323.

Erdogan Yucel E, Demiral Sezer S. Relationship
Between the Neutrophil to Lymphocyte Ratio and
the Presence and Size of Thyroid Nodules.
Cureus 2019; 11: e3860.

Lippi G, Danese E, Montagnana M, Nouvenne A,
Meschi T, Borghi L. Mean platelet volume is
significantly associated with serum levels of
thyroid-stimulating hormone in a cohort of older
euthyroid subjects. Endocr Res 2015; 40: 227-230.
Panzer S, Haubenstock A, Minar E. Platelets in
hyperthyroidism: studies on platelet counts, mean
platelet volume, 111-indium-labeled platelet
kinetics, and platelet-associated immunoglobulins
G and M. ] Clin Endocrinol Metab 1990; 70: 491-
496.

Bagir GS, Haydardedeoglu FE, Bakiner OS,
Bozkirli E, Ertorer ME. Mean platelet volume in
Graves’ disease: A sign of hypermetabolism
rather than autoimmunity? Pak ] Med Sci 2017,
33: 871-875.

East ] Med Volume:26, Number:1, January-March/2021

108


https://www.ncbi.nlm.nih.gov/pubmed/29763182
https://www.ncbi.nlm.nih.gov/pubmed/29763182
https://www.ncbi.nlm.nih.gov/pubmed/31148950
https://www.ncbi.nlm.nih.gov/pubmed/31148950
https://www.ncbi.nlm.nih.gov/pubmed/31148950
https://www.ncbi.nlm.nih.gov/pubmed/31148950
https://www.ncbi.nlm.nih.gov/pubmed/31774003
https://www.ncbi.nlm.nih.gov/pubmed/31774003
https://www.ncbi.nlm.nih.gov/pubmed/31774003
https://www.ncbi.nlm.nih.gov/pubmed/31774003
https://www.ncbi.nlm.nih.gov/pubmed/30206448
https://www.ncbi.nlm.nih.gov/pubmed/30206448
https://www.ncbi.nlm.nih.gov/pubmed/30206448
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vagdatli%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20411056
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gounari%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20411056
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lazaridou%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20411056
https://www.ncbi.nlm.nih.gov/pubmed/?term=Katsibourlia%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20411056
https://www.ncbi.nlm.nih.gov/pubmed/?term=Katsibourlia%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20411056
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsikopoulou%20F%5BAuthor%5D&cauthor=true&cauthor_uid=20411056
https://www.ncbi.nlm.nih.gov/pubmed/?term=Labrianou%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20411056
https://www.ncbi.nlm.nih.gov/pubmed/?term=Platelet+distribution+width%3A+a+simple%2C+practical+and+specific+marker+of+activation+of+coagulation
https://www.ncbi.nlm.nih.gov/pubmed/31632035
https://www.ncbi.nlm.nih.gov/pubmed/31632035
https://www.ncbi.nlm.nih.gov/pubmed/31632035
https://www.ncbi.nlm.nih.gov/pubmed/31632035
https://www.ncbi.nlm.nih.gov/pubmed/31740871
https://www.ncbi.nlm.nih.gov/pubmed/31740871
https://www.ncbi.nlm.nih.gov/pubmed/31740871
https://www.ncbi.nlm.nih.gov/pubmed/31740871
https://www.ncbi.nlm.nih.gov/pubmed/30241494
https://www.ncbi.nlm.nih.gov/pubmed/30241494
https://www.ncbi.nlm.nih.gov/pubmed/30241494
https://www.ncbi.nlm.nih.gov/pubmed/28319410.%20Bratisl%20Lek%20Listy%202017
https://www.ncbi.nlm.nih.gov/pubmed/28319410.%20Bratisl%20Lek%20Listy%202017
https://www.ncbi.nlm.nih.gov/pubmed/27221938
https://www.ncbi.nlm.nih.gov/pubmed/27221938
https://www.ncbi.nlm.nih.gov/pubmed/27221938
https://www.ncbi.nlm.nih.gov/pubmed/27221938
https://www.ncbi.nlm.nih.gov/pubmed/30899617
https://www.ncbi.nlm.nih.gov/pubmed/30899617
https://www.ncbi.nlm.nih.gov/pubmed/30899617
https://www.ncbi.nlm.nih.gov/pubmed/26167760
https://www.ncbi.nlm.nih.gov/pubmed/26167760
https://www.ncbi.nlm.nih.gov/pubmed/26167760
https://www.ncbi.nlm.nih.gov/pubmed/26167760

