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Abstract

Background Human T-cell leukemia virus type 1 (HTLV-1) is a well-known retrovirus, particularly prevalent in
northeastern Iran, where it is associated with a range of disorders, including liver dysfunction. Previous studies have
demonstrated that HTLV-1 infection can alter lipid profiles, yet no research has examined lipid indices and liver
function tests in these patients in the long term.

Methods This data is part of the Mashhad stroke and heart atherosclerotic disorder (MASHAD) study. A total of 1116
participants were randomly selected, including 837 healthy individuals and 279 HTLV-1-infected patients. Following a
10-year follow-up period, Serum levels of liver enzymes were measured. Lipid indices such as the Atherogenic Index
of Plasma (AIP), Body Adiposity Index (BAC), Castelli risk index (CRI-I, CRI-II), Lipid Accumulation Product (LAP), Visceral
Adiposity Index (VAI), Triglyceride-glucose index (TyG), and Triglyceride and HDL-C Ratio (THR) were calculated.

Results Multivariable-adjusted regression analysis demonstrated a significant coefficient for the Visceral Adiposity
Index (VAI) in HTLV-infected patients compared to healthy controls (B:-0.014, 95% Cl: -0.02, 0.00, p =0.046). However,
no significant differences were observed in other lipid indices between HTLV-infected patients and healthy
individuals. Regarding liver enzymes, significant variations were noted in HTLV-infected patients compared to healthy
controls: Aspartate Aminotransferase (AST) (B: 2.978, 95% Cl: 1.34,4.61, p<0.001), Alanine Aminotransferase (ALT) (B:
3.687,95% Cl: 1.59, 5.78, p=0.001), Alkaline Phosphatase (ALP) (B: 18.232,95% Cl: 6.81, 29.65, p=0.002), and Gamma-
Glutamyl Transferase (GGT) (B: 3.714, 95% CI: 0.18, 7.24, p=0.039).

Conclusion Individuals with HTLV-1 infection exhibit reduced VAl but elevated levels of liver enzymes such as AST,
ALT, ALP, and GGT, indicating liver damage. These findings emphasize the virus's involvement in liver pathology. Also,
HTLV-I is associated with reduced visceral fat tissue.
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Introduction

It has been 40 years since the human T-cell leukaemia
virus (HTLV)-1 was discovered by the Gallo group at the
National Cancer Institute/National Institutes of Health
(NCI/NIH) as the first human retrovirus [1]. Among
the four types of HTLV, HTLV-I is the most pathogenic
for humans [2]. Mashhad, a south province in Iran, is
an endemic region for HTLV-I (2.12%) [3, 4] a as well
as other endemic regions of the world such as Suriname
(1.2% in 1995) [5], Guinea-Bissau 5% (in 2011) [6], and
Brazil (0.07-15.9%) [7]. HTLV-1 manifests many dis-
eases, including ATL, HTLV-1- associated myelopathy/
tropical spastic Para-paresis (HAM/TSP), inflammatory
disorders, especially uveitis, arthritis, and dermatitis, and
an immune-deficient state, resulting in bronchiectasis [8].
Evidence has shown that HTLV infection can increase the
risk of contracting diabetes [9-11], Kidney disease [12,
13], CVD [11] and other chronic diseases [14]. In some
studies, it has been seen that in patients with HTLV-], the
lipid profile and the level of liver enzymes can be affected.

In HTLV-1-positive people, following the reduction
of the immunity level, the possibility of getting second-
ary infections increases [15]. Some secondary infections,
including hepatitis B and C, can cause liver damage, such
as liver fibrosis and hepatic osteosis, and increase the
likelihood of liver cancer [16]. Also, HTLV-1 infection
alone can cause liver disorders [10, 11] or liver cancer
[17-19]. Therefore, due to liver damage, liver factors such
as ALT, AST, ALP, CPK and SAMA ST can be affected
[20]. Also immune disorders can arise from liver damage
[21] And it is possible HTLV-1 positive people become
more vulnerable to viral infections.

Lipid profile is one of the factors influencing the devel-
opment progress of chronic diseases like liver disease
[22-24]. Evidence suggests that chronic viral infections
have a negative correlation with lipid profile components,
including cholesterol, triglycerides, low-density lipopro-
tein cholesterol (LDL-C), and high-density lipoprotein
cholesterol (HDL-C) [25, 26]. On the other hand, an ele-
vated lipid profile may be implicated in susceptibility to
HTLV-1 infection and HTLV-1-associated myelopathy,
HAM/TSP [27].

Therefore, due to the lack of similar studies, the aim
of this study is to investigate the lipid indices and liver
enzymes in HTLV-I patients and healthy controls.

Methods

Study population

The study used serum samples from 1,116 participants
in the “Mashhad Stroke and Heart Atherosclerotic Dis-
order (MASHAD)” study [28]. Among them, 279 were
HTLV-1 positive, and 837 were HTLV-1 negative [28, 29].
Because the number of people with HTLV-1 was small
compared to the total population and creating SPARS
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data, we randomly selected 837 people (three times the
number of patients) from those who did not have HTLV-
1. Participants were excluded if the liver and lipid factors
deviated by more than three standard deviations from
the available data. Additionally, thorough screenings for
viral hepatitis were conducted, and affected individuals
were excluded.

All participants were fully informed and provided writ-
ten consent. The Ethics Committee of Mashhad Univer-
sity of Medical Sciences (MUMS) and the Institutional
Review Board of Mashhad University Medical Center
approved the study protocol. This project is financially
supported by Mashhad University of Medical Sciences
(Funding number: 4021736).

HTLV-1 infection assessment

The serum samples of all participants of the MASHAD
study were screened for HTLV-1-specific antibodies
by ELISA at baseline (Dia. Pro Diagnostic, Italy). Posi-
tive cases were assessed for the HTLV-1 genome using
PCR for TAX- and LTR-specific primers to confirm the
infection. If either of the genes were present, patients
were confirmed to be infected by HTLV-1. A total of 279
HTLV-1-infected patients who were enrolled in the cur-
rent study were identified.

Measurement of lipid indices

After a 10-year follow-up, all participants were invited,
and blood samples were collected after a 14-hour over-
night fast. Blood glucose, serum Triglyceride (TG), low-
density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), and total cholesterol
(TC) were estimated using enzymatic methods on an
automated analyzer. A non-stretched tape measure to the
nearest 0.1 cm was used. Waist circumference (WC) was
obtained at the minimum circumference between the
iliac crest and the last rib. Also, Hip circumference (HC)
was measured from the widest part of the hips. Then
we calculated Atherogenic Index of Plasma (AIP) [30],
Atherogenic Coefficient (AC), Castelli risk index (CRI-
I, CRI-II) [31], Lipid Accumulation Product (LAP) [32],
Visceral Adiposity Index (VAI) [33], Triglyceride-glucose
index (TyG) [34], Triglyceride and HDL-C Ratio (THR)
[35].
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Table 1 Lipid indices and liver function test in HTLV-1 positive
patients and healthy control individuals
HTLV-I negative HTLV-I positive P value

(N=837) (N=279)

Age (y) 4717+7.78 50.14+8.01 <0.001
Sex (male) 346 (72.4%) 92 (49.1%) 0.002
Weight, Kg 723441296 69.11+£12.73 0.001
BMI (kg/mz) 2791+4.86 27.63+4.66 041
SBP (mmHg) 134.93+£2043 134.58+20.41 0.82
DBP (mmHg) 81.81+1341 79.69+ 1248 0.011
Cholesterol (mg/dl) 204.75+4547 208.85+44.07 0.220
Triglyceride (mg/dl) 142,67 +72.30 146.11+84.52 0.560
HDL (mg/dl) 4848+11.12 49.87+1092 0.090
LDL (mg/dl) 115.59+34.57 115.75+31.70 0.950
AIP (mg/dl) 0.43+0.24 042 +0.25 0.800
AC 356+1.12 3.65+1.20 0.270
CRI_I 456+1.12 465+1.20 0.280
CRI_Il 246+0.79 241+0.78 0.350
LDL_HDL 2.77+0.90 2.83+0.93 0370
LAP 5597+49.73 56.69+44.17 0.840
TyG 853+0.64 858+0.62 0.250
THR 355+3.15 373+3.30 0430
VAI 1.47+0.33 1.40+0.31 0.004
LAP 52.17+32.88 52.09+36.95 0.960
LDL: HDL ratio 246+0.79 241+0.78 0.350
LDL: TG ratio 0.96+0.44 0944042 0.690
AST (mg/dl) 21934822 24.16+14.52 0.003
ALT (mg/dl) 18.79+£12.27 20.81+£19.22 0.049
ALP (mg/dl) 222.38+71.15 2393548452 0.002
GGT (mg/dl) 24,90+ 25.66 26.29+30.50 0490
CPK (mg/dl) 123.40+77.69 121.96+7192 0.810
Bilirubin Direct (mg/dl)  0.25+0.10 0.24+0.08 0.050
Bilirubin total (mg/dl)  0.84+0.33 0.82+0.30 0440

Data presented as mean +standard division and mean (percent); sample t-tests
or Mann-Whitney U tests has been done

BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood
pressure, TG: serum Triglyceride, LDL: low-density lipoprotein cholesterol, HDL:
high-density lipoprotein cholesterol, TC: total cholesterol, AIP: Atherogenic
Index of Plasma, AC: Atherogenic Coefficient, CRI-I: Castelli risk index I, CRI-II:
Castelli risk index I, LAP: Lipid Accumulation Product, VAI: Visceral Adiposity
Index, TyG: Triglyceride-glucose index, THR: Triglyceride and HDL-C Ratio, AST:
Aspartate Aminotransferase, ALT: Alanine Aminotransferase, ALP: Alkaline
Phosphatase, GGT: Gamma-Glutamyl Transferase, CPK: Creatine Phosphokinase
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Evaluation of liver function

we assessed various liver function tests such as Aspar-
tate Aminotransferase (AST), Alanine Aminotransferase
(ALT), Alkaline Phosphatase (ALP), Gamma-Glutamyl
Transferase (GGT), Creatine Phosphokinase (CPK), Bili-
rubin Direct, and Bilirubin Total using commercial kits
(Pars Azmun, Karaj, Iran) and the BT-3000 auto-analyzer
machine (Biotechnica, Rome, Italy).

Statistical analysis

All statistical analyses were performed using the SPSS
version 26 (IBM Corp. Released 2019. IBM SPSS Statis-
tics for Windows, Version 26.0. Armonk, NY: IBM Corp).
The significance level was set at p <0.05.

To compare the lipid profile parameters and liver fac-
tors between the HTLV-1 positive group and the control
group, independent sample t-tests or Mann-Whitney
U tests were utilized depending on the normality of the
data distribution. Normality of continuous variables
was assessed using the Kolmogorov Simonov test. Fur-
thermore, to evaluate the relationship between HTLV-
I infected status with lipid indices and liver enzymes,
B-coefficients were computed via univariate and multi-
variate linear regression models, with adjustments made
for potential confounding factors including age, sex and
BMI.

Results

The analysis of demographic characteristics (see Table 1)
revealed that the HTLV-1 positive group had a signifi-
cantly higher average age and lower diastolic pressure.
Additionally, the majority of the HTLV-1 negative group
consisted of men (72.4%), while HTLV-1 positive subjects
were almost evenly distributed between men and women
(49.1% men). Table 1 Also displays the mean (+ SD) val-
ues of lipid indices and liver function tests in HTLV-
1-positive patients and healthy control individuals. The
most significant finding was the difference in the VAI
index, which was lower in the HTLV-1 positive group
than in the control group (P<0.05). Additionally, AST,
ALT, and ALP levels were higher in HTLV-I patients
than in the control group (P <0.05), while bilirubin direct
levels were significantly lower in patients compared to
the control group, with a p-value of 0.05. However, this
p-value, while meeting the conventional threshold for
statistical significance, should be interpreted with cau-
tion due to its borderline nature.
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The multivariable-adjusted coefficients and 95% CIs for
the lipid indices and liver function test are presented in
Table 2. It presents the significant coefficients and corre-
sponding p-values for VAI (B: -0.014, 95% CI: -0.02, 0.00,
p=0.046), AST (B: 2.978, 95% CIL: 1.34, 4.61, p<0.001),
ALT (B: 3.687, 95% CI: 1.59, 5.78, p=0.001), ALP (B:
18.232, 95% CI: 6.81, 29.65, p =0.002) and finally GGT (B:
3.714, 95% CI: 0.18, 7.24, p = 0.039).

Discussion

In this study, we aimed to investigate the lipid indices and
liver enzymes in two groups of HTLV-1-positive patients
and a control group due to the lack of similar studies. Our
findings showed that the lipid profile did not differ sig-
nificantly between HTLV-1 patients and healthy controls.
This result is consistent with Derakhshan et als study,
which reported no significant difference in cholesterol,
TG, and LDL between asymptomatic carriers and healthy
controls. However, HDL levels were lower in asymptom-
atic carriers compared to healthy controls [27]. Carvalho
et al. found no difference in TG and VLDL levels between
infected or uninfected men. However, they observed
that these levels were higher in HTLV-1-infected women
compared to healthy individuals (p=0.02) [36]. Notably,
both of these studies had a smaller sample size compared
to our study.

In our investigation of lipid indices, we observed that
HTLV-1-infected individuals exhibited a lower VAI com-
pared to healthy controls. This study represents a pio-
neering exploration of VAI in HTLV-I-infected patients.

Table 2 Multivariable-adjusted coefficients and 95% Cls for lipid
indices and liver function test in HTLV-1 positive patients and
healthy control individuals

Variables HTLV-I positive
Coef P-value
(95% Cl)

Cholesterol 4,094 (-2.50, 10.69) 0.224
Triglyceride 5293 (-6.05, 16.64) 0.360
HDL 0.748 (-0.86, 2.36) 0.363
LDL 1.087 (-3.96, 6.13) 0.673
TG 0.028 (-0.06,0.11) 0538
THR 0.119 (-0.22, 0.46) 0498
LDL: HDL ratio 0.001 (-0.11,0.11) 0.988
LDL: TG ratio -0.003 (-0.06, 0.06) 0930
VAI -0.014 (-0.02, 0.00) 0.046
LAP -0.560 (-5.62, 4.50) 0.828
AST 2978 (1.34,4.61) <0.001
ALT 3.687 (1.59,5.78) 0.001
ALP 18.232 (6.81,29.65) 0.002
GGT 3.714(0.18,7.24) 0.039
CPK 0.799 (-11.15,12.75) 0.896
Bilirubin direct -0.013 (-0.02, 0.00) 0.076
Bilirubin total -0.006 (-0.05, 0.04) 0.835

Data adjusted by age, sex and BMI
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Furthermore, in alignment with related research, the
Bacelo et al's study, Symptomatic participants com-
pared to asymptomatic, had a lower body mass index
(BMI) (25.47+5.06 kg/m2 vs. 30.08+5.61 kg/m2;
p<0.001), Mid-Upper Arm Circumference (MUAC)
(29.56+5.13 cm vs. 33.22+4.21 cm; p=0.0011), and fat
mass per cent (BFM) (30.75%vs 36.60%; p = 0.0064), how-
ever, had a higher lean mass per cent (%LM) (68.95% vs.
63.40%; p=0.0299) [37]. However, Controversy, Saghi et
al. observed that the mean WC in the carrier (Asymp-
tomatic) group was significantly higher than the healthy
control group (p=0.008) [38]. Chronic HTLV infec-
tion may lead to a progressive and constant inflam-
matory response [39]. Inflammation can influence the
VALI through its effects on adipose tissue and metabolic
health. Research shows systemic inflammation is associ-
ated with altered chromatin accessibility in preadipo-
cytes, which may contribute to changes in adipose tissue
distribution and function [40]. Inflammation can also
increase the energetic protein catabolism [41].

Regarding liver enzymes, we found that HTLV-1 infec-
tion is associated with elevated ALT, AST, ALP, and GGP
levels. To our knowledge, no study has investigated the
level of these enzymes in people infected with HTLV-1
virus. However, studies have been done on other simi-
lar viruses. Hsu et al. showed that patients had higher
ALT levels (p<0.01) in HCV patients compared to con-
trols [26]. A recent case-report study demonstrated that
HTLV-1 infection could cause liver damage through
the development of adult T-cell lymphoma/leukaemia
(ATLL), which can lead to acute liver failure. ATLL, aris-
ing from HTLV-1 infection, can infiltrate the liver, result-
ing in massive hepatic ischemia and widespread necrosis
of the hepatocytes, leading to acute hepatitis and liver
injury [42].

One of the strengths of our study is the large sample
size, especially in an area where HTLV-1 is considered
endemic. Additionally, the status of HTLV-1 infection
was accurately confirmed by relevant tests, and the con-
trol group was matched with the patient group regard-
ing age and sex. Finally, we measured these patients’ lipid
profiles, lipid indices, and liver function tests for the first
time. It is important to note that our study had limita-
tions, such as the absence of differentiation between
asymptomatic HTLV-1 carriers and those experiencing
symptoms. This differentiation is crucial as individuals
with symptoms typically exhibit higher viral loads. It is
necessary to make this distinction when examining the
virus’s impact on different serum levels. Additionally, we
lacked data on alcohol consumption due to ethnic con-
siderations and did not gather information on the drug
history of the individuals, which could have affected the
results. Furthermore, we did not assess viral loads and
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clinical symptoms in patients with HTLV-I, which was a
limitation of our study.

Our findings open up exciting avenues for future
research. We recommend further studies to examine
the anthropometric indices of patients with HTLV-1,
as this could provide a deeper understanding of the
impact of this viral disease on the distribution of fat
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Conclusion

This study’s results show that HTLV-infected patients
had lower VAI and also experienced increased amounts
of liver enzymes ALT, AST, GGP and ALP. The findings
suggest that individuals with HTLV-1 infection may
experience liver damage prior to the development of
long-term complications such as HAM/TSP or ATLL.
Further studies are required to investigate the association
of HTLV-I infection with the occurrence of chronic liver
diseases and diseases related to lipid profiles.
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and muscle in different parts of the body. Addition-
ally, our findings suggest a potential link between
HTLV-1 infection and various types of liver diseases.
We encourage researchers to explore the prevalence
of these diseases in individuals with HTLV-1, as this
could significantly advance our understanding of the
disease.

| visceral adiposity

index (VAI)

v

significant

TALT

T AST

TALP

T GGT
Funding

This work was supported by the Mashhad University of Medical Sciences
[grant number: 4021736].

Data availability
This study was conducted on the basis of MASHAD study cohort data. Data is
available upon request.

Declarations

Ethical approval and consent to participate

Ethical Approval and Consent to participate -All individuals were well
informed and their written consent was drawn. Accordingly, the study
protocol was validated by the Ethics Committee of the Mashhad University
of Medical Sciences (MUMS) and the Institutional Review Board of Mashhad
University Medical Center. This project is supported by Mashhad University of
Medical Sciences. Funding number: 4021736.

Consent for publication

This section as not applicable. It is not applicable to the Consent of Image
Publication for this manuscript. The figures were designed only in this
manuscript to present the results of the current paper.

Competing interests
The authors declare no competing interests.



Kamrani et al. BMC Infectious Diseases (2024) 24:1067

Author details

IStudent Research Committee, Department of Nutrition, Faculty of
Medicine, Mashhad University of Medical Sciences, Mashhad, Iran
’Department of Microbiology and Virology, Faculty of Medicine, Mashhad
University of Medical Sciences, Mashhad, Iran

3Department of Hematology, School of Medical, Mashhad University of
Medical Sciences, Mashhad, Iran

4Antimicrobial Resistance Research Center, Mashhad University of
Medical, Mashhad, Iran

°Department of Biostatistics, School of Health, Mashhad University of
Medical Sciences, Mashhad, Iran

Metabolic syndrome research center, Mashhad University of Medical
Sciences, Mashhad 99199-91766, Iran

Vascular and Endovascular Surgery Research Center, Mashhad University
of medical sciences, Mashhad 99199-91766, Iran

Received: 4 March 2024 / Accepted: 23 September 2024
Published online: 28 September 2024

References

1. Poiesz BJ, Ruscetti FW, Gazdar AF, Bunn PA, Minna JD, Gallo RC. Detection and
isolation of type C retrovirus particles from fresh and cultured lymphocytes
of a patient with cutaneous T-cell ymphoma. Proceedings of the National
Academy of Sciences. 1980;77(12):7415-9.

2. Hoshino H. Cellular factors involved in HTLV-1 entry and pathogenicit. Front
Microbiol. 2012;3:222.

3. Rafatpanah H, Hedayati-Moghaddam MR, Fathimoghadam F, Bidkhori HR,
Shamsian SK, Ahmadi S, et al. High prevalence of HTLV-I infection in Mash-
had, Northeast Iran: a population-based seroepidemiology survey. J Clin Virol.
2011,52(3):172-6.

4. Rafatpanah H, Torkamani M, Valizadeh N, Vakili R, Meshkani B, Khademi H, et
al. Prevalence and phylogenetic analysis of HTLV-1 in a segregated popula-
tion in Iran. J Med Virol. 2016,88(7):1247-53.

5. Pouliquen J-F, Hardy L, Lavergne A, Kafiludine E, Kazanji M. High seropreva-
lence of human T-cell lymphotropic virus type 1in blood donors in Guyana
and molecular and phylogenetic analysis of new strains in the Guyana shelf
(Guyana, Suriname, and French Guiana). J Clin Microbiol. 2004;42(5):2020-6.

6. vanTienen C, de Silva Tl, Alcantara LCJ, Onyango CO, Jarju S, Gongalves N, et
al. Molecular epidemiology of endemic human T-lymphotropic virus type 1in
a rural community in Guinea-Bissau. PLoS Negl Trop Dis. 2012;6(6):1690.

7. Magri MC, de Macedo Brigido LF, Rodrigues R, Morimoto HK, de Paula Fer-
reira JL, Caterino-de-Araujo A. Phylogenetic and similarity analysis of HTLV-1
isolates from HIV-coinfected patients from the south and southeast regions
of Brazil. AIDS Res Hum Retroviruses. 2012;28(1):110-4.

8. YutakaT, Masao M, Gallo R. 40 years of the human T-cell leukemia virus: past,
present, and future. F1000Research. 2019;8.

9. Murphy EL, Glynn SA, Fride J, Sacher RA, Smith JW, Wright DJ, et al. Increased
prevalence of infectious diseases and other adverse outcomes in human
T lymphotropic virus types I-and ll-infected blood donors. J Infect Dis.
1997;176(6):1468-75.

10.  Boschi-Pinto C, Stuver S, Okayama A, Trichopoulos D, Orav EJ, Tsubouchi H,
Mueller N. A follow-up study of morbidity and mortality associated with
hepatitis C virus infection and its interaction with human T lymphotropic
virus type I in Miyazaki, Japan. J Infect Dis. 2000;181(1):35-41.

11, Einsiedel LJ, Pham H, Woodman RJ, Pepperill C, Taylor KA. The prevalence and
clinical associations of HTLV-1 infection in a remote indigenous community.
Med J Aust. 2016;205(7):305-9.

12. Stuver SO, Tachibana N, Okayama A, Mueller NE. Evaluation of morbidity
among human T lymphotropic virus type | carriers in Miyazaki, Japan. J Infect
Dis. 1996;173(3):584-91.

13. Murphy EL, Wang B, Sacher RA, Fridey J, Smith JW, Nass CC, et al. Respiratory
and urinary tract infections, arthritis, and asthma associated with HTLV-l and
HTLV-Il infection. Emerg Infect Dis. 2004;10(1):109.

14.  Schierhout G, McGregor S, Gessain A, Einsiedel L, Martinello M, Kaldor J.
Association between HTLV-1 infection and adverse health outcomes: a
systematic review and meta-analysis of epidemiological studies. Lancet Infect
Dis. 2020;20(1):133-43.

15. Goon P, Bangham C. Interference with immune function by HTLV-1. Clin
Experimental Immunol. 2004;137(2):234-6.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Page 6 of 7

Porto A, Santos S, Alcantara L, Guerreiro J, Passos J, Gonzalez T, et al. HTLV-1
modifies the clinical and immunological response to schistosomiasis. Clin
Experimental Immunol. 2004;137(2):424-9.

Hirata T, Nakamoto M, Nakamura M, Kinjo N, Hokama A, Kinjo F, Fujita J. Low
prevalence of human T cell lymphotropic virus type 1 infection in patients
with gastric cancer. J Gastroenterol Hepatol. 2007;22(12):2238-41.

Arisawa K, Sobue T, Yoshimi |, Soda M, Shirahama S, Doi H, et al. Human
T-lymphotropic virus type-l infection, survival and cancer risk in southwestern
Japan: a prospective cohort study. Cancer Causes Control. 2003;14:889-96.
Arisawa K, Soda M, Akahoshi M, Fujiwara S, Uemura H, Hiyoshi M, et al.
Human T-cell lymphotropic virus type-1 infection and risk of cancer: 15.4 year
longitudinal study among atomic bomb survivors in Nagasaki, Japan. Cancer
Sci. 2006;97(6):535-9.

Silva MG, Silva CAC, Machado GU, Atta A, Freire M, Carvalho S. HCV/HTLY
coinfection: does HTLV-1 interfere in the natural history of HCV-related
diseases? J Med Virol. 2016;88(11):1967-72.

Litvinova ES, Konoplya Al, Kholimenko IM, Kotsar A, RELATIONSHIP BETWEEN
METABOLIC, AND IMMUNOLOGICAL INDICATORS AFTER CORRECTION BY
ALLOGENIC HEPATOCYTES IN ACUTE TOXIC,, ISCHEMIC AND ALCOHOL LIVER
INJURY. Toxicological Review. 2021.

Mandal SK, Sil K, Chatterjee S, Ganguly J, Chatterjee K, Sarkar P, et al. A study
on lipid profiles in chronic liver diseases. Natl J Med Res. 2013;3(01):70-2.
Kochan Z, Szupryczynska N, Malgorzewicz S, Karbowska J. Dietary lipids and
dyslipidemia in chronic kidney disease. Nutrients. 2021;13(9).

Blesso CN, Fernandez ML. Dietary cholesterol, serum lipids, and Heart Dis-
ease: are Eggs Working for or against you? Nutrients. 2018;10(4).

Dai C-Y, Chuang W-L, Ho C-K, Hsieh M-Y, Huang J-F, Lee L-P, et al. Associations
between Hepatitis C viremia and low serum triglyceride and cholesterol
levels: a community-based study. J Hepatol. 2008;49(1):9-16.

Hsu C-S, Liu C-J, Liu C-H, Chen C-L, Lai M-Y, Chen P-J, et al. Metabolic

profiles in patients with chronic hepatitis C: a case—control study. Hep Intl.
2008;2:250-7.

Derakhshan R, Mirhosseini A, Ahmadi Ghezeldasht S, Jahantigh HR, Mohareri
M, Boostani R, et al. Abnormal vitamin D and lipid profile in HTLV-1-associ-
ated myelopathy/tropical spastic paraparesis (HAM/TSP) patients. Mol Biol
Rep. 2020;47:631-7.

Ghayour-Mobarhan M, Moohebati M, Esmaily H, Ebrahimi M, Parizadeh SMR,
Heidari-Bakavoli AR, et al. Mashhad stroke and heart atherosclerotic disorder
(MASHAD) study: design, baseline characteristics and 10-year cardiovascular
risk estimation. Int J Public Health. 2015;60:561-72.

Abolbashari S, Darroudi S, Tayefi M, Khashyarmaneh Z, Zamani P, Haghighi
HM et al. Association between serum zinc and copper levels and antioxidant
defense in subjects infected with human T-lymphotropic virus type 1. J Blood
Med. 2018:29-35.

Dobidsova M, Frohlich J. The plasma parameter log (TG/HDL-C) as an
atherogenic index: correlation with lipoprotein particle size and esterifica-
tion rate inapob-lipoprotein-depleted plasma (FERHDL). Clin Biochem.
2001,34(7):583-8.

Mahdavi-Roshan M, Mozafarihashjin M, Shoaibinobarian N, Ghorbani Z, Salari
A, Savarrakhsh A, Hekmatdoost A. Evaluating the use of novel atherogenic-
ity indices and insulin resistance surrogate markers in predicting the risk of
coronary artery disease: a case-control investigation with comparison to
traditional biomarkers. Lipids Health Dis. 2022;21(1):126.

Kahn HS. The lipid accumulation product performs better than the body
mass index for recognizing cardiovascular risk: a population-based compari-
son. BMC Cardiovasc Disord. 2005;5:1-10.

Darroudi S, Soflaee SS, Hosseini ZS, Farmad MS, Mirshafiei H, Sheikh Andalibi
MS, et al. The visceral adiposity index and lipid accumulation product as pre-
dictors of cardiovascular events in normal weight subjects. Clin Nutr ESPEN.
2022;52:190-7.

TOLUNAY H. Triglyceride glucose index and the Triglyceride/HDL ratio as
predictors of coronary artery disease. Diizce Universitesi Saglik. Bilimleri
Enstitist Dergisi. 2021;11(2):235-41.

Mirshafiei H, Darroudi S, Ghayour-Mobarhan M, Esmaeili H, AkbariRad M,
Mouhebati M, Ferns GA. Altered triglyceride glucose index and fasted

serum triglyceride high-density lipoprotein cholesterol ratio predict inci-
dence of cardiovascular disease in the Mashhad cohort study. BioFactors.
2022,48(3):643-50.

Carvalho LDd, Gadelha SR, Marin LJ, Brito-Melo GEA, Martins CPS, Fonseca
FGd, Barbosa-Stancioli EF. Are lipid disorders involved in the predominance of
human T-lymphotropic virus-1 infections in women? Rev Soc Bras Med Trop.
2015;48:759-61.



Kamrani et al. BMC Infectious Diseases (2024) 24:1067

37.

38.

39.

40.

41.

Bacelo A, Aratjo A, Torres P, Brito P, de Aimeida C, Fonseca C et al. ASSOCIA-
TION BETWEEN NUTRITIONAL STATE AND PHASE ANGLE IN SYMPTOMATIC
AND ASYMPTOMATIC HTLV-1 INFECTED PATIENTS2022.

Saghi E, Norouzy A, Nematy M, Jarahi L, Boostani R, Zemorshidi F, et al.
Dietary intake and serum selenium levels influence the outcome of HTLV-1
infection. Biol Trace Elem Res. 2021;199(9):3242-52.

Martin F, Taylor GP, Jacobson S. Inflammatory manifestations of HTLV-1 and
their therapeutic options. Expert Rev Clin Immunol. 2014;10(11):1531-46.
Garske KM, Kar A, Comenho C, Balliu B, Pan DZ, Bhagat YV, et al. Increased
body mass index is linked to systemic inflammation through altered chroma-
tin co-accessibility in human preadipocytes. Nat Commun. 2023;14(1):4214.
da Silva Costa LP, de Franca LG, Peniche GC, de Oliveira Castro AJ, da Silva
Guterres A. Andlise comparativa de dois métodos de avaliagao nutricional
aplicados em pacientes hospitalizados. Rev Bras Nutr Clin. 2012;27(1):24-8.

Page 7 of 7

42.  Ghaffari-Rafi A, Rho YS, Hall A, Villanueva N, Nogi M. HTLV-1 associated acute
adult T-cell ymphoma/leukemia presenting as acute liver failure in Microne-
sian: a case report. Med (Baltim). 2021;100(28):e26236.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿HTLV1 infection and long term association with liver function and lipid indices; 10 years’ follow-up
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study population
	﻿HTLV-1 infection assessment
	﻿Measurement of lipid indices
	﻿Evaluation of liver function
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


