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Abstract

Backgrounds

Cardiovascular disease (CVD) is the leading cause of mortality all over the globe. Inflamma-
tion is believed to play a pivotal role in the pathophysiology of CVD. While there are studies
on the interrelationship of telomerase and vitamin D and their involvement in CVD, their
independent contributions to long-term outcomes in patients with CVD are not well-defined.
This study aimed to investigate the association of both telomerase and vitamin D concentra-
tions with 10-year survival among candidates of coronary artery bypass grafting (CABG)
surgery.

Methods

Participants were 404 patients from Tehran Heart Center-Coronary Outcome Measurement
(THC-COM) cohort who were recruited from CABG surgery candidates in 2006. In addition
to demographic and clinical data including risk factors for coronary artery disease, labora-
tory parameters such as markers of inflammation as well as baseline serum 25-hydroxy vita-
min D [25(OH)D] and telomerase concentrations were measured. Cardiac function indexes
alongside outcome measures such as mortality and survival days were recorded for every
patient up to 10 years after CABG. Cox-proportional hazard model was used to study the
association between all-cause mortality and research parameters.
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Results

The mean serum telomerase enzyme level was 24.92 +21.4 nmol/L and the mean serum 25
(OH)D was 27.27+10.3 ng/mL. 10-year mortality was reported in 64 (15.8%) patients. 25
(OH)D was categorized into three groups (<20, 20—-30, and >30) and the cut-point for telo-
merase was set at 25.0 nmol/L. In Cox regression analysis, higher levels of telomerase (>25
nmol/L) were significantly associated with longer survival (p = 0.041), whereas 25(0OH)D
concentrations were not associated with survival time. Further analysis showed that telome-
rase concentrations significantly predicted survival only in the presence of insufficient levels
of 25(0OH)D (20-30 ng/mL) (p = 0.037).

Conclusions

Telomerase can be regarded as a potential predictor of long-term outcomes in patients who
underwent CABG. However, the association of telomerase with the mortality may be modi-
fied by vitamin D concentrations.

Introduction

Cardiovascular disease (CVD) is the leading cause of death worldwide[1]. The burden of CVD
is increasingly higher in low- and middle-income countries which are undergoing a rapid epi-
demiological transition, with a projected increase in CVD mortality from 17.3 million to 23.6
million in 2030[2]. CVD is currently the first cause of mortality in Iran and the prevalence is
predicted to double in 2025 as compared to two decades earlier[3].

In addition to some known risk factors such as hypertension, obesity, smoking, diabetes,
low physical activity, hyperlipidemia, and unhealthy diet, there are many other proposed risk
markers that have been shown to be associated with CVD. The potential relevance of some of
these biomarkers such as telomerase and vitamin D may be attributed to treating CVD as an
inflammatory process[4-8].

Telomeres are structures made up of DNA and proteins. They are found at the end of linear
chromosomes in eukaryotes and protect genome from degradation and interchromosomal
fusion. Telomeres represent the biological age of the cell and shorten with each cell division.
Gradual shortening of telomere makes cells more vulnerable to chronic diseases such as CVD
and may lead to more rapid and progressive senescence[9]. The association of telomere length
with the incidence of CVD and its risk factors has been reported in epidemiological studies
[5,10-13]. The same is found in atherosclerotic plaques and is associated with plaque instabil-
ity in coronary artery disease (CAD) as a result of two major mechanisms underlying CVD,
inflammation and oxidative stress[5,14]. However, the relationship between telomere length
and CVD mortality is still debated[9,10,15]. The paucity of knowledge about telomerase is
more significant.

Telomerase enzyme’ activity results in telomere extension. However, it is normally present
in germline and hematopoietic cells and the expression of this enzyme does not usually occur
in somatic cells. Therefore, somatic cells undergo progressive shortening by aging[16]. While
telomerase is recognized for its involvement in cancer cell immortality and for monitoring
anti-cancer therapy, its role in CVD prevention and progression is not clearly defined. There
is however promising evidence that in spite of the low level of telomerase expression in mam-
malian heart, its function is significant. An interesting experimental study showed that it
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increases to as much as 4.5 fold in response to injury despite its decreasing trend by aging[17].
Studies on the relationship between telomerase and long-term outcomes in CVD patients are
lacking.

There is compelling evidence that low levels of vitamin D are associated with CVD[18-20]
even though the mechanism of this relationship has yet to be defined. However, reports on
vitamin D relationship with long term CVD outcomes are not conclusive[21-23]. Also, there
is still a big controversy on the potential role of vitamin D supplementation in CVD preven-
tion[20,21,24].

Studies have shown the relationship of vitamin D level with telomere length[25]. Some
studies have attributed this to the anti-inflammatory role of vitamin D reflected by the inverse
relationship between the level of vitamin D and the proliferation of lymphocytes, CRP, gamma
interferon and interleukin II. Others have found a direct effect of vitamin D on telomeres[25-
27]. There are few reports that vitamin D may control the activity of telomerase and provide
cellular protection[4]. The interaction of vitamin D and telomerase in patients with CVD and
their effect on long-term outcome has not been studied. This study aimed to assess the rela-
tionship of Vitamin D with telomerase enzyme and their association with 10-year survival of
patients who underwent isolated coronary artery bypass graft (CABG) in a cardiac tertiary
center.

Materials & methods

This study was carried out on a group of patients who participated in Tehran Heart Center
Coronary Outcome Measurement (THC-COM) cohort study. Patients were recruited over a
six months period (April 2006-September 2006) among candidates for isolated coronary artery
bypass graft (CABG) surgery, as previously described[28-30]. Patients underwent CABG
because they had at least 50% arterial obstruction based on their angiography in one or more
coronary vessels. Patients who needed valvular surgery and/ or ventricular aneurism repair as
well as patients on dialysis were excluded. The protocol was approved by Tehran Heart Center/
Tehran University of Medical Science review board under number 0507150 and conformed to
the Helsinki Declaration. Participants signed provided written informed consent after expla-
nation of the main objective of the study. Demographic and anthropometric data such as sex,
height, weight, education, body mass index (BMI) as well as known risk factors including
smoking alongside other addictions, diabetes, blood pressure, lipid profile, and inflammatory
biomarkers were collected in a dedicated database. Systolic and diastolic blood pressure was
measured by a digital arterial pressure gauge in sitting position after 5 minutes of rest. Hyper-
tension was defined as systolic pressure >140 mmHg and/or diastolic pressure >90 mmHg in
at least two separate measurements or if the individual was taking antihypertensive medica-
tions. Diabetes mellitus was defined as previous diagnosis, specific treatment administration
(oral drug or insulin), fasting blood sugar at least 126 mg/dL or HbAlc > 6.5%. Clinical assess-
ment and pre-operative cardiac status was measured by several variables such as: number of
diseased vessels, New York Heart Association (NYHA) functional class, left ventricular ejec-
tion fraction and the European system for cardiac operative risk evaluation (EuroSCORE).

Biochemical measurements

Blood samples were taken on the day of operation after 14 hours of fasting. At 4 °C, centrifuga-
tion was performed at 3500 rpm for 10 minutes to separate the serum. All laboratory analyses
performed on blood samples to report prescheduled laboratory data including serum total
cholesterol, HDL-C, LDL-C, serum TG, fasting blood glucose, and HbA1C[29-31]. Then, the
serum isolated from 10 mL of the blood sample of each patient was transferred to the sterile
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micro tubes. Micro tubes contents stored frozen at -80 °“C. Baseline serum 25-hydroxy vitamin
D [25(OH)D] assessment was performed by chemiluminescence method through ELISA Vita-
min D assay (DIAsource ImmunoAssays SA). 25(OH)D was measured and reported in ng/mL
in this study. Baseline serum Telomerase enzyme level was also measured using ELISA (Bioas-
say Technology Laboratory) and reported in nmol/L.

Outcome measurement (recording survival data and mortality assessment)

Patients’ follow-up schedule has been discussed in detail previously[30]. All patients were fol-
lowed up to 10 years. 10-year survival was assessed through telephone interviews. For non-
responders, mortality tracking as well as the exact time and etiology of death was noted
through telephone interviews with patients’ relatives or friends. For the rest of patients data
were obtained by checking up the registration of deaths in Tehran Heart Center archive,
through correspondence with National Organization for Civil Registration, or through registry
system of large Tehran cemetery. For non-responders, the last attendance at THC for receiving
any services was considered as the last time of follow-up.

Statistical analysis

To analyze vitamin D and telomerase on a reasonable number of patients out of all participants
in THC-COM, the sample size was calculated to achieve 80% power with type I error of 0.05 to
detect a hazard ratio as large as 2 between any two groups, with a minimum number of 68
events needed. In addition, we assumed a median survival time of 6 years, censoring rate of
80% and planned follow up time of 10 years. The sample size as large as 411 subjects was
required to observe 68 events from the sample[32].

We checked the normality assumption for the quantitative variables with Shapiro-Wilks
test and Q-Q plot. Continuous variables were presented as mean and standard deviation (SD).
Categorical variables were expressed as frequency and percentage. To evaluate the relationship
between different factors and death at 10 years we used t-test, Mann-Whitney test and Chi-
square test, whenever appropriate. To obtain the optimum cutoff value for categorizing the tel-
omerase we used decision tree analysis. It showed that two categories with one cut-off value
might be the best model. We calculated cut-off point with ROC curve. 25(OH)D was catego-
rized into three groups (<20, 20-30, and >30) based on previous reports in literature[25,33-
35]. We estimated the survival curves for each group using the Kaplan-Meir method and per-
formed a log-rank test for comparing survival curves of different groups. In addition, we used
Cox-proportional hazard models to assess the bivariate association of each variable with the
patients’ survival time. Variables with a P-value less than 0.2 in the bivariate analysis were
added into a multivariable Cox regression model to obtain adjusted hazard ratios. We analyzed
the interaction between vitamin D and telomerase in multivariate model as well. A P-value
of < 0.05 was considered statistically significant. Softwares IBM SPSS statistics for windows
version 22 (Armonk, NY: IBM Corp.) and R (R Core Team, Vienna, Austria: R foundation for
Statistical Computing, 2019) were used to conduct the analyses.

Results

In this study, 404 patients 110 women (27.2%) and 294 men (72.8%) were enrolled. The mean
serum telomerase enzyme level was 24.92 +21.4 nmol/L and the mean serum 25(OH)D was
27.27+10.3 ng/mL. The cut-point for telomerase was set on 25 based on the statistical method
mentioned earlier and 25(OH)D was categorized into three groups (<20, 20-30, and >30).
The log rank test indicated that higher level of telomerase (>25 nmol/L) was significantly asso-
ciated with longer survival time (P = 0.041). Further analysis revealed a significant interaction
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between vitamin D and telomerase in relation to survival. It showed that telomerase was signif-
icantly associated with the survival only in the presence of insufficient levels of 25(OH)D (20-
30 ng/mL) (p = 0.037).

Overall, 10-year mortality was reported in 64 (15.8%) patients. There were only three
patients lost to follow-up and their survival data were missing. Median (25th-75th interquartile
range) follow-up time for survival was 79.8 months (75.5-81.4). With regards to target vari-
ables, telomerase and 25(OH)D were measured in 402 and 399 patients respectively. Missing
was due to technical problems in handling low volume samples and they were not substituted
with the other samples as we did not find any patient-related issue. Demographic and clinical
characteristics, as well as laboratory data and measures of cardiac function are summarized in
Table 1. The mean age of CAD patients at the time of recruitment was 59.54£8.85. Outcome
measure was considered 10-year mortality in Table 1. The same variables were analyzed using
Cox regression to report hazard ratio for mortality considering survival data as outcome mea-
sure (Table 2).

Fig 1 shows the relationship between telomerase level and survival times in CAD patients
who underwent CABG. As depicted in Fig 2, the mean survival rate for CAD patients with 25
(OH)D <20 was 73.6 months, for CAD patients with 25(OH)D between 20-30 was 72.6
months and for those with 25(OH)D >30 was 73.9 months. The log rank test indicated that
there was no statistically significant difference in the survival rate of patients with three differ-
ent levels of 25(OH)D (P = 0.284). Furthermore, we found that telomerase level >25 was seen
in 18.1% of patients who had MI and 25.9% of patients who had no history of MI (OR = 0.66
95% CI = (0.41-1.06), p = 0.08).

Then we performed multivariate Cox-regression using variables with p values less than
0.2 from bivariate analyses to develop an adjusted model for predictors of 10-year survival.
We did not include EuroSCORE because it contains the same variables included in our anal-
ysis. MI was not significantly associated with mortality in multivariate model. We did not
include MI in final model whatsoever due to a possible interaction between MI and telome-
rase. Age, opium addiction, history of CVA, peripheral vascular disease (PVD), serum
creatinine, CRP, and cardiac ejection fraction (EF) were significantly associated with mor-
tality as shown in Table 3. Specifically, for each 10-year increase in age, the risk of mortality
doubled.

Discussion

This study showed that vitamin D was not significantly associated with survival time alone,
while telomerase level was an independent predictor of long-term mortality. However, there
was an interaction between vitamin D and telomerase with regards to their relationship with
the survival; only at insufficient levels of 25(OH)D telomerase was associated with survival
times. To the best of our knowledge, this is the first study investigating the relationship
between serum 25(OH)D levels, serum telomerase enzyme and 10-year survival in CVD
patients who underwent CABG.

It is well-known that telomerase level is a determinant of telomere length. So, it can serve as
an earlier predictor of cellular longevity than telomere[36]. Moreover, it is evident from the lit-
erature that telomerase has more unique features in cardiac patients that are independent
from its ability to repair and elongate the telomere. For instance it offers an ability for cell pro-
tection when telomeres become shorter[37]. Additionally, an interesting experimental study
showed that reactivation of telomerase in aged mice can regenerate tissue degeneration[38].
Accordingly, another experimental study in neonatal, adult, and cryo-injured transgenic mice
showed that while telomerase trend is decreasing in process of aging, it can increase 4.5 fold in
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Table 1. Demographic, clinical and preclinical parameters at the beginning and their relationship with 10-year mortality.

Variable Categories Total Death P-value
no yes
Demographic parameters
Gender Women 110 (27.6) 97 (29) 13 (20.3) 0.156 *
Men 289 (72.4) 238 (71) 51(79.7)
Age (year) 59.5 (8.9) 58.8 (8.6) 64.1 (8.8) 0.000
Education Illiterate/ Basic literacy 225 (56.4) 180 (53.7) 45 (70.3) 0.021 %
Elementary & high school 114 (28.6) 102 (30.4) 12 (18.8)
Higher education 60 (15) 53 (15.8) 7 (10.9)
Clinical parameters
BMI (kg/mz) 27.4 (4.0) 27.40 (4.0) 27.5 (4.4) 0.906
Hypertension 196 (49.1) 160 (47.8) 36 (56.3) 0.213*
Hyperlipidemia 288 (72.2) 246 (73.4) 42 (65.6) 0.202 *
Family history 190 (47.6) 162 (48.4) 28 (43.8) 0.499 *
Diabetes 179 (44.9) 144 (43.0) 35 (54.7) 0.085 *
PVD 106 (26.6%) 79 (23.6%) 27 (42.2%) 0.002 *
History of Myocardial infarction 198 (49.9) 160 (47.9) 38 (60.3) 0.071*
History of CVA 16 (4) 11 (3.3) 5(7.8) 0.091 *
Smoking 138 (34.6) 111 (33.1) 27 (42.2) 0.163 *
Opium addiction 59 (14.8) 43 (12.8) 16 (25.0) 0.012 *
Alcohol 47 (12.6) 39 (12.5) 8(13.1) 0.902 *
Determinants of cardiac Situation
NYHA function class 1 134 (33.6) 107 (31.9) 27 (42.2) 0.509 %
2 202 (50.6) 176 (52.5) 26 (40.6)
63 (15.8) 52 (15.5) 11(17.2)
EF 48.6 (10.1) 49.5 (9.7) 44.1 (11.1) 0.000 T
Number of diseased vessels 1 15 (3.8) 12 (3.6) 3(4.7) 0.774 %
2 79 (19.8) 68 (20.3%) 11 (17.2)
3 305 (76.4) 255 (76.1%) 50 (78.1)
EuroSCORE 2.45(2.2) 2.25(2.0) 3.64 (2.8) 0.000
Paraclinical parameters
BUN 40.5 (12.4) 39.6 (11.3) 45.8 (16.3) 0.000
Creatinine 1.3(0.3) 1.3 (0.25) 1.4 (0.35) 0.000
Hematocrit 42.1 (4.3) 42.0 (4.3) 43.(4.1) 0.596 t
Cholesterol 161.6 (46.0) 161 (46.6) 165 (44.9) 0.525 1
LDL 87.4 (40.1) 87.4 (41.3) 88.1(35.3) 0.898 t
HDL 40.4 (8.9) 40.5 (8.6) 40.1 (10.1) 0.745
TG 176.4 (92.3) 174.8 (86.4) 183.5 (119.7) 0.489 +
Hb Alc 6.2 (1.8) 6.1(1.7) 6.3 (2.0) 0.633 1
Albumin 4.7 (0.3) 4.7 (0.3) 4.6 (0.3) 0.163 +
CRP 6.7 (5.5) 6.5 (5.5) 8.0 (5.6) 0.052
LP 32.5(26.7) 32.3(27.0) 33.3(25.2) 0.793
25(0OH)D <20 105 (26.6) 85 (25.7) 20 (31.7) 0.305%
20-30 132 (33.5) 116 (35.0) 16 (25.4)
>30 157 (39.8) 130 (39.3) 27 (42.9)
Telomerase enzyme <25 310 (78.1) 253 (76) 57 (89.1) 0.020 *
>25 87 (21.9) 80 (24) 7(10.9)
(Continued)
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Table 1. (Continued)

Variable Categories Total Death P-value
no yes
Survival (months) 73.4 (17.7) 76.9 (11.9) 54.7 (28.8) 0.000

BMI, body mass index; EF, ejection fraction; CVA, cerebrovascular accident; NYHA, New York Heart Association; CRP, C-reactive protein, LP, alpha lipoprotein; LDL,
low density lipoprotein cholesterol; HDL, high density lipoprotein cholesterol; TG, triglyceride; BUN, blood urea nitrogen; PVD, peripheral vascular disease; 25(OH)D,
25-hydroxy vitamin D

¥ Reported in mean (SD), t-test

¥ Reported in number (percentage), Mann-Whitney test.

* Reported in number (percentage), Chi-Square test.

https://doi.org/10.1371/journal.pone.0237477.t001

response to injury[17]. This is promising especially concerning cardiomyocyte damage follow-
ing myocardial infarction (MI) or heart failure in CVD patients.

Inflammation and oxidative stress not only contribute to CVD pathophysiology, they are
responsible for enhancing telomere shortening and genomic instability too. This hypothesis
delineates the interrelationship of vitamin D and telomeres in CVD etiology and the disease
progress[25,26] and is reflected in our study by prominent role of CRP as a measure of inflam-
mation. Also, it may show that relatively higher levels of 25(OH)D provides enough protection
against inflammation and oxidative stress at cellular level to improve long-term outcome.
With lower levels of 25(OH)D, the cell is more vulnerable and probably needs higher level of
telomerase for survival. The relationships between telomeres and CVD and between telomeres
and vitamin D have been discussed in the literature. In a systematic review and meta-analysis
in 2014, 24 studies and 43725 participants were included. Among them, 8400 patients had
CVD, 5566 with CAD and 2834 with cerebrovascular involvement. The authors concluded
that there was a negative relationship between telomere length and risk of CVD[39]. A positive
relationship between higher levels of vitamin D and the length of telomere was reported in a
cohort study involving 2160 women aged 18 to[26]. While there are more such reports about
telomeres[25,27], similar investigations on telomerase and vitamin D relationship are lacking.
Just partially relevant, a double-blind randomized clinical trial was conducted on a small
group of 37 overweight African-American adults aged 19 to 50 to examine the effect of 16
weeks supplementation with vitamin D on telomerase activity in peripheral blood mononu-
clear cells (PBMC:s). In that trial 19 subjects were randomly assigned to the vitamin D group
and 18 subjects to the placebo group. Findings confirmed a significant increase in the activity
of telomerase (an increase of 19.2% in PBMCs) in those who took supplemental vitamin D[4].
While the study did not carry out in CAD patients and was not about the outcome, it showed
that the activity and the level of telomerase was probably correlated with the level of vitamin
D. To add, the relationship between vitamin D level and CVD outcome is non-linear[10]. In a
cohort study in 2016, the relationship between 25(OH)D levels and long-term mortality in
patients with acute MI was nonlinear and U-shaped. For those who had 25(OH)D level of <10
ng/mL and >30 ng/mL, the estimated hazard rate was 3.02 times higher compared to those
with level 20-30 ng/mL[34]. We employed similar categorization which may explain why telo-
merase prediction of long-term survival mediated by 25(OH)D levels in our study. At the pres-
ent time, it is unclear if other factors may predict outcomes at lower levels of 25(OH)D.

Survival rates as determinants of outcome were not significantly different among three dif-
ferent levels of serum 25(OH)D in current study. There is no consensus on the impact of vita-
min D on CVD outcome. A review of cohort studies in 2019 revealed that there is a large
inconsistency between the studies on vitamin D with regards to the relationship with the CVD

PLOS ONE | https://doi.org/10.1371/journal.pone.0237477  August 13, 2020 7/14


https://doi.org/10.1371/journal.pone.0237477.t001
https://doi.org/10.1371/journal.pone.0237477

PLOS ONE

Telomerase, vitamin D, & long-term survival of CABG patients

Table 2. Demographic, clinical and preclinical parameters at the beginning in patients undergoing coronary artery bypass grafting surgery and their relationship

with 10-year survival.

Variable Categories HR 95% confidence interval P-value
Lower Upper
Demographic parameters
Gender Woman Ref 0.153
Man 1.559 0.848 2.868
Age (year) 1.071 1.039 1.104 0.000
Education Illiterate/ Basic literacy Ref
Elementary & high school 0.503 0.266 0.952 0.035
Higher education 0.578 0.261 1.283 0.178
Clinical parameters
BMI (kg/m?)
Hypertension 1.364 0.832 2.235 0.218
Hyperlipidemia 0.719 0.429 1.204 0.210
Family history 0.840 0.512 1.376 0.488
Diabetes 1.554 0.950 2.543 0.079
PVD 2.247 1.368 3.692 0.001
History of Myocardial infarction 1.556 0.939 2.579 0.086
History of CVA 2.457 0.986 6.123 0.054
Smoking 1.392 0.848 2.287 0.191
Opium addiction 2.025 1.150 3.567 0.015
Alcohol 1.030 0.490 2.167 0.937
Determinants of cardiac Situation
NYHA function class I Ref
1I 0.601 0.351 1.031 0.064
1II 0.863 0.428 1.739 0.679
EF 0.955 0.932 0.977 0.000
Number of diseased vessels Ref
2 0.634 0.177 2.237 0.484
3 0.741 0.231 2.377 0.614
EuroSCORE 1.164 1.067 1.269 0.001
Paraclinical parameters
BUN 1.033 1.016 1.049 0.000
Creatinine 3.647 2.010 6.618 0.000
Hematocrit 1.014 0.957 1.074 0.645
Cholesterol 1.001 0.996 1.006 0.590
LDL 1.000 0.994 1.006 0.912
HDL 0.993 0.965 1.022 0.625
TG 1.001 0.998 1.003 0.573
Hb Alc 1.026 0.900 1.168 0.703
Albumin 0.537 0.249 1.161 0.114
CRP 1.027 1.002 1.052 0.031
LP 1.001 0.992 1.011 0.749
25(0H)D 20-30 Ref
<20 1.639 0.848 3.167 0.142
>30 1.519 0.817 2.823 0.186
(Continued)
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Table 2. (Continued)

Variable Categories HR 95% confidence interval P-value
Lower Upper
Telomerase enzyme <25 Ref
>25 0.471 0.224 0.987 0.046

BMI, body mass index; EF, ejection fraction; CVA, cerebrovascular accident; NYHA, New York Heart Association; CRP, C-reactive protein, LP, alpha lipoprotein; LDL,
low density lipoprotein cholesterol; HDL, high density lipoprotein cholesterol; TG, triglyceride; BUN, blood urea nitrogen; PVD, peripheral vascular disease; 25(OH)D,
25-hydroxy vitamin D

https://doi.org/10.1371/journal.pone.0237477.1002

outcome. Out of 12 studies on cardiovascular and coronary outcome that was assessed, the
vitamin D showed negative association in nine and no association in three studies[40]. More-
over, we showed previously in the same population and setting that the level of 25(OH)D was
significantly lower in CAD patients compared to control group([7,8,41]. Also, the serum level
of 25(OH)D was not significantly correlated with the number of diseased vessels as a represen-
tative of the extent of cardiac involvement [7,8] which is in accordance with our findings in
this study. It is noteworthy that serum levels of 25(OH)D for almost all of our patients (98.5%)
was lower than recommended ranges for general population and especially for cardiovascular
patients[42]. So, our patients all were indeed in the same category. There are other possible
explanations for controversial relationship of vitamin D and cardiovascular outcome. Patients
who receive vitamin D for supplementation usually are prescribed a complex treatment con-
taining both vitamin D and supplemental calcium while the impact of these two on CVD
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Fig 1. The relationship between telomerase level and survival times in patients who underwent coronary artery bypass graft surgery.

https://doi.org/10.1371/journal.pone.0237477.9001
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Fig 2. The relationship between 25-hydroxy vitamin D level and survival times in patients who underwent coronary artery bypass graft surgery.

https://doi.org/10.1371/journal.pone.0237477.9002

outcome is in opposite direction[10]. Adaptation to long time deficiency of vitamin D in
older patients and their higher chance of survival in the presence of low levels of vitamin D is
another issue that has been reported[25]. This explanation fits well with our cohort; because it
includes cardiac patients who are normally in their elderly.

Strengths and limitations

Only three patients were lost to follow up for survival analysis which can be regarded as advan-
tageous to this long-term study in which loss to follow up can be a major problem. We showed
that serum level of telomerase was an independent predictor of mortality. It is promising as it
can be easily used in clinical setting as a reliable measure for survival. Moreover, telomerase is
probably more specific for evaluation of cardiac outcome compared to the telomere.

Our results showed lower telomerase may be associated with the history of MI, which is in
accordance with the experimental findings and is reflected in our previous report as well[43].
We did not include emergent patients in our cohort. Therefore, further studies on patients
with acute MI undergoing cardiac procedures is needed to verify if there is any relationship
between the occurrence and extent of MI and telomerase level. We need to know if telomerase
can be regarded as a determinant of myocardial protection alongside its role as a serum bio-
marker of outcome in cardiac patients.

We did only baseline measurement of 25(OH)D and telomerase. If we measured these val-
ues in time period between CABG and 10 years later, we could provide a better judgment
about the effect of vitamin D and telomerase on the mortality. We assumed that the association
of vitamin D insufficiency and mortality was hampered by patients’ supplementation with
vitamin D after cardiac surgery. However, it was probably too late to prevent from the effect of

PLOS ONE | https://doi.org/10.1371/journal.pone.0237477  August 13, 2020 10/14


https://doi.org/10.1371/journal.pone.0237477.g002
https://doi.org/10.1371/journal.pone.0237477

PLOS ONE

Telomerase, vitamin D, & long-term survival of CABG patients

Table 3. Adjusted multivariate model for 10-year all-cause mortality using Cox regression.

Variable

Demographic parameters
Gender

Age (year)

education

Diabetes
PVD
NYHA function class (II vs I)
CVA
Smoking
Opium

EF
Creatinine
Albumin
CRP
25(0OH)D

Telomerase enzyme <25 effect differed by 25(OH)D

level

Woman
Man

Illiterate/ Basic literacy
Elementary & high school

Higher education

20-30
<20
>30

20-30
<20
>30

Adjusted HR

Ref
1.304
1.070

Ref
0.708
0.544
1.653
1.789
0.922
2.624
1.532
3.092
0.963
2.381
0.908
1.049

Ref
1.124
0.741
0.093
0.344
1.146

95% confidence interval

upper

lower

0.598
0.033

0.340
0.231
0.939
1.037
0.598
0.948
0.748
1.022
0.939
1.149
0.374
1.008

0.534
0.366
0.010
0.073
0.413

2.840
0.109

1.475
1.279
2.909
3.086
1.422
7.267
3.139
9.358
0.988
4.932
2.201
1.092

2.365
1.501
0.871
1.613
3.178

P-value

0.504

0.000

0.357
0.163
0.082
0.036
0.713
0.063
0.244
0.046
0.003
0.020
0.830
0.019

0.759
0.405
0.037
0.176
0.793

EF, ejection fraction; CVA, cerebrovascular accident; NYHA, New York Heart Association; CRP, C-reactive protein, BUN, blood urea nitrogen; PVD, peripheral

vascular disease; 25(OH)D, 25-hydroxy vitamin D

https://doi.org/10.1371/journal.pone.0237477.t1003

Conclusion

telomerase on the mortality. So, it is justified to correct any vitamin D insufficiency right
before operation.
We also were concerned about long time of storage for serum samples in term of any
decrease in the serum level of 25(OH)D and/ or telomerase. Some studies have addressed this
and a study by Bodnar et al. showed that long-term storage over 40 years even if deteriorate 25
(OH)D somewhat, it did so similarly across samples[44]. We did not find the level of 25(OH)
D in our samples to be lower compared to our fresh samples in our other studies at the same
hospital [7,8,41]. Regardless, as the samples are at the same age and have been stored in the
same conditions, the impact if any is expected to be the same for all and would not change
their association of vitamin D/ telomerase with the outcome.

The findings of this study showed that serum telomerase concentrations can be regarded as a
potential predictor for long-term outcome in CAD patients who underwent CABG. Moreover,
the association of telomerase with the mortality was significant at insufficient levels of 25(OH)
D. Given the association between telomerase and MI, further studies are needed to clarify the
significance of telomerase concentrations in short-term and long-term outcomes of patients
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with recent MI. The results of such studies may help stratifying patients based on predicting
their response to coronary artery disease.

Supporting information

S1 Dataset. Data set.
(SAV)

Acknowledgments
The authors would like to thank all patients who participated in this study.

Author Contributions

Conceptualization: Mahdi Najafi, Mohamad Hassan Javanbakht, Arash Shirvani.

Formal analysis: Yun-Hee Choi, Mehdi Yaseri.

Funding acquisition: Mohamad Hassan Javanbakht.

Investigation: Mahtab Zarei, Elnaz Movahedi.

Methodology: Mahdi Najafi, Mohamad Hassan Javanbakht, Arash Shirvani.

Supervision: Mahdi Najafi, Mohamad Hassan Javanbakht, Frank W. Sellke, Saverio Stranges.
Writing - original draft: Mahtab Zarei, Mahdi Najafi, Yun-Hee Choi.

Writing - review & editing: Mahtab Zarei, Mahdi Najafi, Elnaz Movahedi, Mohamad Hassan
Javanbakht, Yun-Hee Choi, Mehdi Yaseri, Arash Shirvani, Frank W. Sellke, Saverio
Stranges.

References

1. Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW, Carson AP, et al. Heart Disease and
Stroke Statistics-2019 Update: A Report From the American Heart Association. Circulation. 2019.
https://doi.org/10.1161/CIR.0000000000000659 PMID: 30700139

2. ASK, SC J. Global variation in the relative burden of stroke and ischemic heart disease. Circulation.
124: 314-23. https://doi.org/10.1161/CIRCULATIONAHA.111.018820 PMID: 21730306

3. Sadeghi M, Haghdoost AA, Bahrampour A D M. Modeling the burden of cardiovascular diseases in Iran
from 2005 to 2025: The impact of demographic changes. Iran J public Heal. 2017; 46: 506.

4. ZhuH, Guo D, Li K, Pedersen-White J, Stallmann-Jorgensen IS, Huang Y, et al. Increased telomerase
activity and vitamin D supplementation in overweight African Americans. Int J obesity. 2012; 36: 805.

5. YehJK, Wang CY. Telomeres and telomerase in cardiovascular diseases. Genes (Basel). 2016; 7.
https://doi.org/10.3390/genes7090058 PMID: 27598203

6. Osler M, Bendix L, Rask L R N. Stressful life events and leucocyte telomere length: Do lifestyle factors,
somatic and mental health, or low grade inflammation mediate this relationship? Results from a cohort
of Danish men born in 1953. Brain, Behav immunity. 2016; 58: 248-53.

7. FadaeiR, Parvaz E, Emamgholipour S, Moradi N, Vatannejad A, Najafi M, et al. The mRNA Expression
and Circulating Levels of Visfatin and Their Correlation with Coronary Artery Disease Severity and 25-
Hydroxyvitamin D. Horm Metab Res. 2016; 48: 269-274. https://doi.org/10.1055/s-0035-1564133
PMID: 26466019

8. Shateri H, Fadaei R, Najafi M, Vatannejad A, Teimouri M, Zali F, et al. Circulating levels of IL-35 and
gene expression of FoxP3 in coronary artery disease: Is there any interplay between them and 25-
hydroxyvitamin D3? Clin Lab. 2018; 64: 483—490. https://doi.org/10.7754/Clin.Lab.2017.170930 PMID:
29739077

9. HuangYQ, LoK, Feng YQ Z B. The association of mean telomere length with all-cause, cerebrovascu-
lar and cardiovascular mortality. Biosci reports. 2019; 39.

10. A Z. Vitamin D and Cardiovascular Disease. Anticancer Res. 2018; 34: 151-164.

PLOS ONE | https://doi.org/10.1371/journal.pone.0237477  August 13, 2020 12/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237477.s001
https://doi.org/10.1161/CIR.0000000000000659
http://www.ncbi.nlm.nih.gov/pubmed/30700139
https://doi.org/10.1161/CIRCULATIONAHA.111.018820
http://www.ncbi.nlm.nih.gov/pubmed/21730306
https://doi.org/10.3390/genes7090058
http://www.ncbi.nlm.nih.gov/pubmed/27598203
https://doi.org/10.1055/s-0035-1564133
http://www.ncbi.nlm.nih.gov/pubmed/26466019
https://doi.org/10.7754/Clin.Lab.2017.170930
http://www.ncbi.nlm.nih.gov/pubmed/29739077
https://doi.org/10.1371/journal.pone.0237477

PLOS ONE

Telomerase, vitamin D, & long-term survival of CABG patients

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Tzanetakou IP, Nzietchueng R, Perrea DN, B A. Telomeres and their role in aging and longevity. Curr
Vasc Pharmacol. 2014; 12: 726-34. https://doi.org/10.2174/1570161111666131219112946 PMID:
24350925

Fitzpatrick AL, Kronmal RA, Gardner JP, Psaty BM, Jenny NS, Tracy RP, et al. Leukocyte telomere
length and cardiovascular disease in the cardiovascular health study. Am J Epidemiol. 2006; 165: 14—
21. https://doi.org/10.1093/aje/kwj346 PMID: 17043079

D’Mello MJ, Ross SA, Briel M, Anand SS, Gerstein H P G. Association between shortened leukocyte
telomere length and cardiometabolic outcomes: systematic review and meta-analysis. Circ Cardiovasc
Genet. 2015; 8: 82—90. https://doi.org/10.1161/CIRCGENETICS.113.000485 PMID: 25406241

Brouilette SW, Moore JS, McMahon AD, Thompson JR, Ford |, Shepherd J, et al. Telomere length, risk
of coronary heart disease, and statin treatment in the West of Scotland Primary Prevention Study: a
nested case-control study. Lancet. 2007; 369: 107—14. https://doi.org/10.1016/S0140-6736(07)60071-
3 PMID: 17223473

Epel ES, Merkin SS, Cawthon R, Blackburn EH, Adler NE, Pletcher MJ S TE. The rate of leukocyte telo-
mere shortening predicts mortality from cardiovascular disease in elderly men. Aging (Albany NY) 2009
Jan; 1(1)81.

Bressler J, Franceschini N, Demerath EW, Mosley TH, Folsom AR B E. Sequence variation in telome-
rase reverse transcriptase (TERT) as a determinant of risk of cardiovascular disease: the Atherosclero-
sis Risk in Communities (ARIC) study. BMC Med Genet. 2015; 16: 52. https://doi.org/10.1186/s12881-
015-0194-x PMID: 26201603

Richardson GD, Breault D, Horrocks G, Cormack S, Hole N, Owens WA. Telomerase expression in the
mammalian heart. FASEB Journal. 2012. pp. 4832—4840. https://doi.org/10.1096/fj.12-208843 PMID:
22919071

Zhang R, Li B, Gao X, Tian R, Pan Y, Jiang Y, et al. Serum 25-hydroxyvitamin D and the risk of cardio-
vascular disease: dose-response meta-analysis of prospective studies. Am J Clin Nutr. 2017; 105:
810-9. https://doi.org/10.3945/ajcn.116.140392 PMID: 28251933

Manson JAE, Cook NR, Lee IM, Christen W, Bassuk SS, Mora S, et al. Vitamin D supplements and pre-
vention of cancer and cardiovascular disease. N Engl J Med. 2019; 380: 33—44. https://doi.org/10.1056/
NEJMoa1809944 PMID: 30415629

Wang L, Manson JE, Song Y S H. Systematic review: vitamin D and calcium supplementation in preven-
tion of cardiovascular events. Ann Intern Med. 2010; 152: 315-23. https://doi.org/10.7326/0003-4819-
152-5-201003020-00010 PMID: 20194238

Elamin MB, Abu Elnour NO, Elamin KB, Fatourechi MM, Alkatib AA, Almandoz JP, et al. Vitamin D and
cardiovascular outcomes: A systematic review and meta-analysis. J Clin Endocrinol Metab. 2011; 96:
1931-1942. https://doi.org/10.1210/jc.2011-0398 PMID: 21677037

Wang L, Song Y, Manson JE, Pilz S, Marz W, Michaélsson K, et al. Circulating 25-hydroxy-vitamin D
and risk of cardiovascular disease: a meta-analysis of prospective studies. Circ Cardiovasc Qual Out-
comes. 2012; 5: 819-29. https://doi.org/10.1161/CIRCOUTCOMES.112.967604 PMID: 23149428

Caristia S, Filigheddu N, Barone-Adesi F, Sarro A, Testa T, Magnani C, et al. Vitamin D as a Biomarker
of Il Health among the Over-50s: A Systematic Review of Cohort Studies. Nutrients. 2019; 11: 2384.

Jenkins DJA, Spence JD, Giovannucci EL, Kim Y in, Josse R, Vieth R, et al. Supplemental Vitamins
and Minerals for CVD Prevention and Treatment. J Am Coll Cardiol. 2018; 71: 2570-2584. https://doi.
org/10.1016/j.jacc.2018.04.020 PMID: 29852980

Ferri E, Casati M, Cesari M, Vitale G, Arosio B. Vitamin D in physiological and pathological aging: Les-
son from centenarians. Rev Endocr Metab Disord. 2019. https://doi.org/10.1007/s11154-019-09522-y
PMID: 31654261

Richards JB, Valdes AM, Gardner JP, Paximadas D, Kimura M, Nessa A, et al. Higher serum vitamin D
concentrations are associated with longer leukocyte telomere length in women. Am J Clin Nutr. 2007;
86: 1420-1425. https://doi.org/10.1093/ajcn/86.5.1420 PMID: 17991655

Liu JJ, Prescott J, Giovannucci E, Hankinson SE, Rosner B, Han J D VI. Plasma vitamin D biomarkers
and leukocyte telomere length. Am J Epidemiol. 2013; 177: 1411-7. https://doi.org/10.1093/aje/kws435
PMID: 23660800

Najafi M, Sheikhvatan M. Gender differences in coronary artery disease: Correlational study on dietary
pattern and known cardiovascular risk factors. Int Cardiovasc Res J. 2013; 7: 124—129. PMID:
24757636

Najafi M, Sheikhvatan M, Mortazavi S. Do preoperative pulmonary function indices predict morbidity
after coronary artery bypass surgery? Ann Card Anaesth. 2015; 18. https://doi.org/10.4103/0971-9784.
159796 PMID: 26139731

PLOS ONE | https://doi.org/10.1371/journal.pone.0237477  August 13, 2020 13/14


https://doi.org/10.2174/1570161111666131219112946
http://www.ncbi.nlm.nih.gov/pubmed/24350925
https://doi.org/10.1093/aje/kwj346
http://www.ncbi.nlm.nih.gov/pubmed/17043079
https://doi.org/10.1161/CIRCGENETICS.113.000485
http://www.ncbi.nlm.nih.gov/pubmed/25406241
https://doi.org/10.1016/S0140-6736%2807%2960071-3
https://doi.org/10.1016/S0140-6736%2807%2960071-3
http://www.ncbi.nlm.nih.gov/pubmed/17223473
https://doi.org/10.1186/s12881-015-0194-x
https://doi.org/10.1186/s12881-015-0194-x
http://www.ncbi.nlm.nih.gov/pubmed/26201603
https://doi.org/10.1096/fj.12-208843
http://www.ncbi.nlm.nih.gov/pubmed/22919071
https://doi.org/10.3945/ajcn.116.140392
http://www.ncbi.nlm.nih.gov/pubmed/28251933
https://doi.org/10.1056/NEJMoa1809944
https://doi.org/10.1056/NEJMoa1809944
http://www.ncbi.nlm.nih.gov/pubmed/30415629
https://doi.org/10.7326/0003-4819-152-5-201003020-00010
https://doi.org/10.7326/0003-4819-152-5-201003020-00010
http://www.ncbi.nlm.nih.gov/pubmed/20194238
https://doi.org/10.1210/jc.2011-0398
http://www.ncbi.nlm.nih.gov/pubmed/21677037
https://doi.org/10.1161/CIRCOUTCOMES.112.967604
http://www.ncbi.nlm.nih.gov/pubmed/23149428
https://doi.org/10.1016/j.jacc.2018.04.020
https://doi.org/10.1016/j.jacc.2018.04.020
http://www.ncbi.nlm.nih.gov/pubmed/29852980
https://doi.org/10.1007/s11154-019-09522-y
http://www.ncbi.nlm.nih.gov/pubmed/31654261
https://doi.org/10.1093/ajcn/86.5.1420
http://www.ncbi.nlm.nih.gov/pubmed/17991655
https://doi.org/10.1093/aje/kws435
http://www.ncbi.nlm.nih.gov/pubmed/23660800
http://www.ncbi.nlm.nih.gov/pubmed/24757636
https://doi.org/10.4103/0971-9784.159796
https://doi.org/10.4103/0971-9784.159796
http://www.ncbi.nlm.nih.gov/pubmed/26139731
https://doi.org/10.1371/journal.pone.0237477

PLOS ONE

Telomerase, vitamin D, & long-term survival of CABG patients

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

Najafi M, Jahangiry L, Mortazavi SH, Jalali A, Karimi A, Bozorgi A. Outcomes and long-term survival of
coronary artery surgery: The controversial role of opium as risk marker. World J Cardiol. 2016; 8: 676.
https://doi.org/10.4330/wjc.v8.i111.676 PMID: 27957254

Farhangi MA, Najafi M, Jafarabadi MA, Jahangiry L. Mediterranean dietary quality index and dietary
phytochemical index among patients candidate for coronary artery bypass grafting (CABG) surgery.
BMC Cardiovasc Disord. 2017; 17. https://doi.org/10.1186/s12872-017-0544-z PMID: 28482801

DA S. Sample-size formula for the proportional-hazards regression model. Biometrics. 1983; 39: 499—
503. PMID: 6354290

Pludowski P, Holick MF, Pilz S, Wagner CL, Hollis BW, Grant WB, et al. Vitamin D effects on musculo-
skeletal health, immunity, autoimmunity, cardiovascular disease, cancer, fertility, pregnancy, dementia
and mortality-A review of recent evidence. Autoimmun Rev. 2013; 12: 976-989. https://doi.org/10.
1016/j.autrev.2013.02.004 PMID: 23542507

Aleksova A, Beltrami AP, Belfiore R, Barbati G, Di Nucci M, Scapol S, et al. U-shaped relationship
between vitamin D levels and long-term outcome in large cohort of survivors of acute myocardial infarc-
tion. Int J Cardiol. 2016; 223: 962—6. https://doi.org/10.1016/}.ijcard.2016.08.322 PMID: 27589046

Lips P, Cashman KD, Lamberg-Allardt C, B-F H, Obermayer-Pietsch BR, Bianchi M et al. MANAGE-
MENT OF ENDOCRINE DISEASE: current vitamin D status in European and Middle East countries
and strategies to prevent vitamin D deficiency; a position statement of the European calcified tissue
society. Eur J Endocrinol. 2019. https://doi.org/10.1530/EJE-18-0736.

Ornish D, Lin J, Daubenmier J, Weidner G, Epel E, Kemp C, et al. Increased telomerase activity and
comprehensive lifestyle changes: a pilot study. Lancet Oncol. 2008; 9: 1048—1057. https://doi.org/10.
1016/S1470-2045(08)70234-1 PMID: 18799354

Zhu J, Wang H, Bishop JM B E. Telomerase extends the lifespan of virus-transformed human cells with-
out net telomere lengthening. Proc Natl Acad Sci. 1999; 96: 3723-8. https://doi.org/10.1073/pnas.96.7.
3723 PMID: 10097104

Jaskelioff M, Muller FL, Paik JH, Thomas E, Jiang S, Adams AC, et al. Telomerase reactivation
reverses tissue degeneration in aged telomerase-deficient mice. Nature. 2011; 469: 102. https://doi.
org/10.1038/nature09603 PMID: 21113150

Haycock PC, Heydon EE, Kaptoge S, Butterworth AS, Thompson A, Willeit P. Leucocyte telomere
length and risk of cardiovascular disease: Systematic review and meta- Analysis. BMJ. 2014; 349: 1—
11. https://doi.org/10.1136/bmj.g4227 PMID: 25006006

Caristia Filigheddu, Barone-Adesi Sarro, Testa Magnani, et al. Vitamin D as a Biomarker of lll Health
among the Over-50s: A Systematic Review of Cohort Studies. Nutrients. 2019; 11: 2384. https://doi.org/
10.3390/nu11102384 PMID: 31590434

Tarighi S, Najafi M, Hossein-Nezhad A, Ghaedi H, Meshkani R, Moradi N, et al. Association between
Two Common Polymorphisms of Vitamin D Binding Protein and the Risk of Coronary Artery Disease: A
Case-Control Study. J Med Biochem. 2017; 36: 349-357. PMID: 30581332

MF H. Calcium and vitamin D: diagnostics and therapeutics. Clin Lab Med. 2000; 20: 569-90. PMID:
10986622

Farhangi MA, Najafi M. The association between dietary quality indices and serum telomerase activity
in patient candidates for CABG. Eat Weight Disord. 2020. https://doi.org/10.1007/s40519-020-00861-3
PMID: 32056109

Bodnar LM, Catov JM, Wisner KL, Klebanoff MA. Racial and seasonal differences in 25-hydroxyvitamin
D detected in maternal sera frozen for over 40 years. Br J Nutr. 2008; 101: 278-284. https://doi.org/10.
1017/S0007114508981460 PMID: 18430263

PLOS ONE | https://doi.org/10.1371/journal.pone.0237477  August 13, 2020 14/14


https://doi.org/10.4330/wjc.v8.i11.676
http://www.ncbi.nlm.nih.gov/pubmed/27957254
https://doi.org/10.1186/s12872-017-0544-z
http://www.ncbi.nlm.nih.gov/pubmed/28482801
http://www.ncbi.nlm.nih.gov/pubmed/6354290
https://doi.org/10.1016/j.autrev.2013.02.004
https://doi.org/10.1016/j.autrev.2013.02.004
http://www.ncbi.nlm.nih.gov/pubmed/23542507
https://doi.org/10.1016/j.ijcard.2016.08.322
http://www.ncbi.nlm.nih.gov/pubmed/27589046
https://doi.org/10.1530/EJE-18-0736
https://doi.org/10.1016/S1470-2045%2808%2970234-1
https://doi.org/10.1016/S1470-2045%2808%2970234-1
http://www.ncbi.nlm.nih.gov/pubmed/18799354
https://doi.org/10.1073/pnas.96.7.3723
https://doi.org/10.1073/pnas.96.7.3723
http://www.ncbi.nlm.nih.gov/pubmed/10097104
https://doi.org/10.1038/nature09603
https://doi.org/10.1038/nature09603
http://www.ncbi.nlm.nih.gov/pubmed/21113150
https://doi.org/10.1136/bmj.g4227
http://www.ncbi.nlm.nih.gov/pubmed/25006006
https://doi.org/10.3390/nu11102384
https://doi.org/10.3390/nu11102384
http://www.ncbi.nlm.nih.gov/pubmed/31590434
http://www.ncbi.nlm.nih.gov/pubmed/30581332
http://www.ncbi.nlm.nih.gov/pubmed/10986622
https://doi.org/10.1007/s40519-020-00861-3
http://www.ncbi.nlm.nih.gov/pubmed/32056109
https://doi.org/10.1017/S0007114508981460
https://doi.org/10.1017/S0007114508981460
http://www.ncbi.nlm.nih.gov/pubmed/18430263
https://doi.org/10.1371/journal.pone.0237477

