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ORIGINAL ARTICLE

Nonalcoholic fatty liver disease and its prognosis associates with shorter
leucocyte telomeres in a 21-year follow-up study

Arto Korkiakoskia,b , Aki J. K€ar€aj€am€akia,c, Justiina Ronkainend,e , Juha Auvinend, Jokke Hannukselaa,
Y. Antero Kes€aniemia and Olavi Ukkolaa

aResearch Unit of Internal Medicine, Medical Research Center Oulu, Oulu University Hospital and University of Oulu, Oulu, Finland;
bDepartment of Gastroenterology, Clinics of Internal Medicine, Keski-Pohjanmaa Central Hospital, Kokkola, Finland; cDepartment of
Gastroenterology, Clinics of Internal Medicine, Vaasa Central Hospital, Vaasa, Finland; dCenter for Life Course Health Research, University of
Oulu, Oulu, Finland; eBiocenter Oulu, University of Oulu, Oulu, Finland

ABSTRACT
Leucocyte telomere length (LTL) has been associated with nonalcoholic fatty liver disease (NAFLD), but
the evidence is imperfect. Furthermore, liver fibrosis has been shown to correlate with mortality and
recent studies have also found associations with LTL and fibrosis suggesting that LTL may have add-
itional prognostic value in liver diseases. Our objective was to study the association of LTL and NAFLD
and evaluate the association of LTL in prognosis of NAFLD subjects. Study subjects (n¼ 847) were
middle-aged hypertensive patients. All participants were evaluated for NAFLD and their LTL was meas-
ured at baseline. Outcomes were obtained from Finnish Causes-of-Death Register and the Care
Register for Health Care in Statistics Finland to the end of 2014. An inverse association with NAFLD
prevalence and LTL length was observed (p< .001 for trend). Shortest telomere tertile possessed statis-
tically significantly more NAFLD subjects even with multivariate analysis (shortest vs. middle tertile HR
1.98 p¼ .006 and shortest vs. longest tertile HR 2.03 p¼ .007). For the study period, mortality of the
study group showed statistically significant relation with telomere length in univariate but not for
multivariate analysis. In subgroup analysis, LTL did not associate with prognosis of non-NAFLD sub-
jects. However, LTL was inversely associated with overall mortality in the subjects with NAFLD in both
univariate (HR 0.16 p¼ .007) and multivariate analysis (HR 0.20 p¼ .045). In middle-aged Caucasian
cohort, shorter leucocyte telomeres associated independently with increased prevalence of NAFLD.
Shorter LTL was not associated with mortality in non-NAFLD patients whereas it predicted mortality of
NAFLD patients independently.
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Introduction

The nonalcoholic fatty liver disease (NAFLD) covers a spec-
trum of liver conditions from simple steatosis to nonalco-
holic steatohepatitis and varying degrees of liver fibrosis
with cirrhotic end-stage liver disease as an endpoint. The
pathophysiology of the disease is complex and not fully
understood but at the center of it has been recognized to be
insulin resistance and excessive free fatty acid supply to the
liver leading to oxidative stress [1]. The global prevalence of
NAFLD is around 25% and increasing rapidly along with its
comorbid conditions and mortality shown to be associated
with the disease [2–5]. With increasing prevalence of
NAFLD there is urgent need to determine both better
understanding of the underlying pathological drivers and
biomarkers with prognostic value [6].

Telomeres are the repetitive DNA sequences at the tip of
chromosomes that are responsible for stabilizing and pro-
tecting chromosomes through various mechanisms. During

mitosis, telomeres shorten due to problems in DNA replica-
tion at the very end of the linear chromosomes. Some cells,
with high proliferative capacity, can counter some of the
attrition of telomeres with the help of telomerase enzyme.
Telomerase is a reverse transcriptase enzyme that adds
repeat sequences in the end of telomeres. However, in most
cells, the telomerase enzyme expression is limited, and when
telomere length reaches critical point, a signaling cascade is
initiated leading to cell apoptosis or senescence [7].
Leucocyte telomere shortening has been linked to several
diseases and traits many related to metabolic syndrome
(MBO) as well as all-cause mortality in large cohorts [7–10].
The causality of the associations is under debate, but a body
of evidence suggests the relation can be bidirectional and, in
some cases, reversible [10]. The underlying pathological
processes proposed to be involved in the reduction in leuco-
cyte telomere length (LTL) are cumulative oxidative stress
and inflammation which in turn is linked with insulin
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resistance [11]. Thus, both NAFLD and LTL shortening
share similar pathologic events.

The research done addressing LTL and NAFLD suggest a
tendency for shorter LTL on NAFLD subjects [12–17].
However, the association between NAFLD and LTL is yet
debatable [18]. Numerous associations between liver fibrosis
and telomere length have been reported [8,19–21].
Interestingly, telomere shortening associated with liver fibrosis
does not seem to limit only to hepatocytes and LTL has shown
to shorten also [8]. The same finding was observed in studies
examining specifically NAFLD [16,17,22]. Liver fibrosis has
been identified as the strongest disease-related risk factor in
NAFLD [23–25]. It is therefore possible that prognostic data
related to liver fibrosis is imprinted in peripheral blood LTL.

We hypothesize that LTL could be a prognostic factor of
NAFLD. According to authors’ knowledge, no previous study
has evaluated the relation of LTL in NAFLD with mortality in
longitudinal set up. With respect to recent findings, we set to
investigate the associations of LTL and middle-aged Caucasian
cohort with ultrasound verified NAFLD as well as LTL and
NAFLD related mortality in 21-year follow-up study.

Material and methods

Study design and patient population

This study is a part of the Oulu Project Elucidating the Risk
Atherosclerosis-study (OPERA) which originally consisted
of randomly selected Finnish hypertensive patients and their
age- and sex-matched controls with a total of 1045 partici-
pants. Recruitment of the participants was done between
years 1990 and 1993, when subjects were 40–62 years of age.
Participants were clinically examined, and a wide range of
laboratory tests were obtained including LTL. MBO was
diagnosed according to International Diabetes Federation
2006 criteria [26]. A homeostatic model assessment of insu-
lin resistance (HOMA-IR) was calculated (formula: fasting
insulin� fasting glucose/22.5) [27]. Standardized question-
naires were completed with the help of two specialized
nurses. Questionnaires covered past medical history, medi-
cation, family history, physical activity, smoking and alcohol
consumption. Anthropologic metrics, such as waist, height,
weight, were measured. Presence of single nucleotide poly-
morphisms known to be a genetic risk factor for NAFLD
were examined as follows: patatin-like phospholipase
domain-containing 3 (PNPLA3) variant rs738409, the trans-
membrane 6 superfamily member 2 (TM6SF2) variant
rs58542926 and membrane-bound o-acyltransferase domain
containing 7 (MBOAT7) rs641738 [28–31]. DNA extraction
was done from frozen plasma samples with high-salt
method and analyses were performed with TaqMan assays
(Life Technologies, Carlsbad, CA).

For the purposes of this study 76 participants with alcohol
consumption exceeding limits of NAFLD (�210 g a week in
men and �140 g a week in women) were excluded resulting
in total of 969 subjects. Ultrasound of the liver was offered
for all participants. However, for 11 of the 969 patients ultra-
sound of the liver was failed to acquire reducing eligible sub-
jects for analyses to 958. For 111 patients, the baseline

relative telomere length value was not available either due to
missing sample or failure in sample analysis. Thus, the final
study population, eligible for our study, included 847 patients
of which 394 (46.5%) were males and 453 (53.5%) females.
Of these patients, 431 (50.9%) were hypertensive and 416
(49.1%) were not. Mean age for males was 51.2 (range
40.2–61.0) and for females 51.2 (range 41.2� 62.0).

Viral hepatitis does not require exclusion for NAFLD
studies in Finnish population due to very low prevalence
[2]. Other reasons for fatty liver were considered rare. Thus,
NAFLD diagnosis was made with exclusion of excessive
alcohol consumption as described above and detection of
fatty liver by ultrasound.

Ultrasound evaluation

Ultrasound examination was used to detect fatty liver.
Steatosis evaluation was based on liver-kidney contrast assess-
ment [32]. Ultrasound examinations were performed by
trained radiologist with 10 years of experience of abdominal
ultrasound examinations. Of 224 (26.4%) of the final study
population had liver steatosis detectable by ultrasound.

Leukocyte telomere length measurements

The DNA used to measure LTL was obtained from peripheral
blood samples taken at baseline up using a multiplex quanti-
tative real-time polymerase chain reaction (qRT-PCR)
method [33]. Telomeric DNA sequence (T) was measured
using polymerase chain reaction (PCR) amplification and
compared with single-copy gene (S) providing the relative
LTL in T/S ratio for each subject. Amplification of the telo-
mere sequence was done using primers (TelG: ACA CTA
AGG TTT GGG TTT GGG TTT GGG TTT GGG TTA GTG
T and TelC: TGT TAG GTA TCC CTA TCC CTA TCC
CTA TCC CTA TCC CTA ACA). Albumin was used as a
single copy gene with primers developed by Cawthon
(Albugcr2: cgg cgg cgg gcg gcg cgg gct ggg cgg CCA TGC
TTT TCA GCT CTG CAA GTC and Albdgcr2: gcc cgg ccc
gcc gcg ccc gtc ccg ccg AGC ATT AAG CTC TTT GGC
AAC GTA GGT TTC). Lowercase bases in albumin primers
are non-templated sequences that, in a very high melting
temperature, result into a PCR product that enables the
measurement of T and S signals from the same PCR product.
A standard curve spanning 0.5� 25ng of DNA was formed
from a reference sample and run-in triplicates in each plate.
The mean R2 values of standard curves for T were 0.991 (SD
0.003) and 0.995 (SD 0.002) for S. If coefficient variation was
more than 15% the samples were rerun. The mean coefficient
variation value for all T/S values was 5.31%.

Outcome classification

Information on deaths was obtained from Finnish Causes-
of-Death Register and the Care Register for Health Care in
Statistics Finland to the end of 2014.
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Statistical methods

The statistical analyses of this study were performed with
IBM SPSS software version 27 (IBM Corp, Armonk, NY).
For purposes of examination of the differences of baseline
characteristics of the study population a categorical variable
was formed from LTL with division into tertiles. For con-
tinuous variables, a mean and standard error was calculated.
For categorical values frequency was reported. Statistical sig-
nificances for baseline characteristics were calculated using
chi-square for categorical values and analysis of variance for
continuous variables. For multivariate analysis, an analysis
of covariance was performed. Total mortality was assessed as
cumulative proportional probability of death and analyzed
using Kaplan–Meier survival curves. Separately, for each
Kaplan–Meier analysis of subgroups (NAFLD and non-
NAFLD) a new tertile divided categorical variable of LTL was
formed. Statistical significances of the Kaplan–Meier survival
curves were calculated using Log-rank test. The association
between LTL and risk of death during follow-up time was
estimated with Cox proportional hazards model. p Values
<.05 were considered statistically significant.

Results

Associations with NAFLD and LTL

The baseline leucocyte telomeres were shorter in those with
NAFLD (p for trend <.001, Table 1). Shorter telomeres
associated significantly with increasing age (p<.001), female
sex (p<.001), higher body mass index (BMI) (p¼.017), cor-
onary heart disease (CHD) (p<.001), higher low-density lip-
oproteins (LDL) (p¼.038), higher total cholesterol (p¼.012),
HOMA-IR defined insulin resistant (p¼.032) and with

TM6SF2 non-risk allele carriers for NAFLD (p¼ 0.038)
(Table 1). When comparing each LTL tertile, the shortest
telomere tertile had statistically significantly more NAFLD
subjects when compared to other tertiles (shortest vs. middle
tertile: HR 1.66 (95%CI 1.15–2.39, p¼.007) and shortest vs.
longest tertile: HR 1.98 (95%CI 1.36–2.89, p<.001)). The
correlation was significant even when adjusting for age, sex,
smoking, BMI, CHD, HOMA-IR and TM6SF2 risk allele
carriers (Figure 1).

Associations with LTL and mortality

By the end of 2014, with a mean period of 21 years after
enrollment, 185 deaths (27.9% of the study group) occurred.
67 deaths occurred in the NAFLD group (29.9% of NAFLD
patients) and 118 in the non-NAFLD group (18.9% of non-
NAFLD patients). Thus, NAFLD was associated with
increased all-cause mortality HR 1.67 (95% CI 1.24–2.26,
p¼.01). However, in multivariate analysis, NAFLD was not
associated with increased mortality when adjusted for sex,
BMI, CHD, diabetes, smoking, age, LTL, MBO and history
of stroke, gamma-glutamyltransferase (GGT) (Table 2).
Baseline longer telomeres were associated with overall
decreased mortality risk HR 0.41 (95% CI 0.20–0.84,
p¼ 0.014) but association disappeared after adjustment
(Table 2). However, relative LTL correlated with overall
mortality in the subpopulation of NAFLD even after adjust-
ment HR 0.20 (95% CI 0.04–0.98 p¼.045) (Table 3).

Kaplan–Meier analysis for subgroups of both NAFLD
and non-NAFLD showed differing outcomes in mortality in
telomere length divided into tertiles. For NAFLD, the sur-
vival benefit was evident for the longest telomere tertile
followed by shortest tertile and middle tertile with following
p values: shortest vs. middle tertile p¼.711, shortest vs.

Table 1. Characteristics of the study population according to telomere length.

Tertile 1 (n¼ 282)
mean ± standard error

Tertile 2 (n¼ 283)
mean ± standard error

Tertile 3 (n¼ 282)
mean ± standard error p For trend

Demographics and traits
Male (%) 37.0 41.3 61.0 <.001
Age (years) 53.6 ± 0.3 51.9 ± 0.4 48.9 ± 0.3 <.001
BMI (kg/m2) 28.2 ± 0.3 27.7 ± 0.3 27.2 ± 0.3 .017
Waist (cm) 89.7 ± 0.8 89.4 ± 0.8 90.8 ± 0.8 .322
Smoking (pack-years) 9.0 ± 0.9 8.4 ± 0.8 10.2 ± 0.8 .295

Diseases
Hypertension (%) 55.7 47.0 50.0 .178
CHD (%) 13.5 9.5 3.9 <.001
Diabetes (%) 11.7 10.2 8.2 .161
NAFLD (%) 34.4 24.0 20.9 <.001

Liver tests, lipids, insulin resistance and NAFLD genetics
ALT (U/l) 31.1 ± 1.1 30.0 ± 2.4 31.9 ± 1.4 .617
GGT (U/l) 45.2 ± 1.4 40.4 ± 1.4 40.6 ± 1.4 .300
LDL (mmol/l) 3.6 ± 0.1 3.5 ± 0.1 3.4 ± 0.1 .038
Triglycerides (mmol/l) 1.6 ± 0.6 1.5 ± 0.6 1.5 ± 0.5 .407
HDL (mmol/l) 1.4 ± 0.2 1.4 ± 0.2 1.3 ± 0.2 .070
Total cholesterol (mmol/l) 5.8 ± 0.1 5.7 ± 0.1 5.5 ± 0.1 .012
HOMA-IR 3.4 ± 0.2 3.0 ± 0.2 2.7 ± 0.1 .032
NAFLD risk allele carriers
PNPLA3 rs738409 (%) 34.9 31.0 34.0 .848
MBOAT7 rs58542926 (%) 33.7 33.6 32.7 .161
TM6SF2 rs641738 (%) 22.3 40.8 36.9 .038

BMI: body mass index; CHD: coronary heart disease; NAFLD: non-alcoholic fatty liver disease; LDL: low-density lipoprotein; HDL: high-density lipoprotein; HOMA-
IR: homeostatic model assessment of insulin resistance; ALT: alanine aminotransferase; GGT: gamma-glutamyltransferase; PNPLA3: patatin-like phospholipase
domain-containing protein 3; MBOAT07: membrane-bound O-acyltransferase domain-containing protein 7; TM6SF2: transmembrane 6 superfamily member 2
Telomere tertile 1 has the shortest telomeres as opposite to tertile 3 with the longest telomeres.
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longest tertile p¼.017, middle vs. longest tertile p¼.005. For
non-NAFLD population, the Kaplan–Meier survival analysis
favored the middle tertile followed by the longest tertile and
shortest tertile in that order. p Values for Kaplan–Meier
analysis in non-NAFLD population were: shortest vs. middle
tertile p¼.003, shortest vs. longest tertile p¼.518 and middle
vs. longest tertile p¼.018 (Figure 2).

Discussion

To our knowledge, this is the first study to investigate the
association of mortality and LTL in NAFLD. In our study,

LTL in middle-aged participants was associated independ-
ently with both prevalence of NAFLD and predicted mortal-
ity in NAFLD subjects in a 21-year follow up. Association
with mortality in non-NAFLD subgroup was not statistically
significant. The difference in mortality in NAFLD subjects
was between the longest versus both middle and the shortest
tertile.

The inverse association with NAFLD and LTL has been
observed in Chinese population and a few studies with
population of Western ethnicity with limited generalizability
due to small sample sizes or with method in defining
NAFLD [12–17]. Two of the studies done in non-Asian

Figure 1. Proportion of NAFLD in each telomere tertile. Tertile one represents the shortest telomeres and tertile three the longest telomeres. The unadjusted uni-
variate analysis of proportion of NAFLD in each tertile showed statistically significant difference when comparing the shortest telomere tertile against other tertiles.
Reference category was selected to be the tertile with longer telomeres. Multivariate model adjusting for age, sex, BMI, CHD, LDL, HOMA-IR and TM6SF2 as follows:
Tertile 1 vs. 3: p ¼ .007 HR 2.03 (95% CI 1.22–3.38); Tertile 1 vs. 2: p ¼ .006 HR 1.98 (95% CI 1.22–3.23); Tertile 2 vs. 3: p ¼ .636 HR 1.13 (95% CI 0.68–1.87). CI: con-
fidence interval; BMI: body mass index; CHD: coronary heart disease; LDL: low-density lipoproteins; HOMA-IR: homeostatic model of assessment of insulin resistance;
TM6SF2: transmembrane 6 superfamily member 2.

Table 2. Cox regression analysis for the hazard of death for the whole study group.

Univariate HR (95% CI) p Value Multivariate HR (95% CI) p Value

Demographics, obesity and tobacco
Age 1.07 (1.04–1.10) <.001 1.05 (1.02–1.08) <.001
Sex 1.85 (1.38–2.50) <.001 1.09 (0.66–1.79) .732
MBO 2.11 (1.58–2.82) <.001 1.33 (0.89–1.99) .158
BMI 1.04 (1.01–1.07) .006 0.96 (0.89–1.03) .230
Waist 1.03 (1.02–1.04) <.001 1.03 (1.02–1.05) .290
Tobacco (pack years) 1.03 (1.02–1.04) <.001 1.03 (1.02–1.04) <.001

Diseases
Hypertension 1.22 (0.92–1.64) .171 – –
NAFLD 1.67 (1.24–2.26) .001 0.93 (0.64–1.34) .696
CHD 2.32 (1.57–3.43) <.001 1.56 (1.02–2.38) .040
Diabetes 2.88 (2.02–4.10) <.001 2.27 (1.50–3.45) <.001
History of stroke 5.63 (2.97–10.66) <.001 3.76 (1.92–7.37) <.001

Laboratory parameters
LTL 0.41 (0.20–0.84) .014 0.67 (0.30–1.49) .327
GGT 1.003 (1.002–1.005) <.001 1.002 (1.000–1.004) .022
ALT 1.009 (1.005–1.013) <.001 1.001 (0.995–1.007) .818
LDL 1.09 (0.93–1.26) .286 – –

HR: hazard ratio; CI: confidence interval; NAFLD: non-alcoholic fatty liver disease; CHD: coronary heart disease; BMI: body mass
index; MBO: metabolic syndrome; LTL: leucocyte telomere length; GGT: gamma-glutamyltransferase; ALT: alanine aminotransfer-
ase; LDL: low-density lipoprotein.
Reference category for sex was female. For MBO international diabetes federation diagnostic criteria (year 2005) were used.
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ethnicity, that defined NAFLD on basis of alanine amino-
transferase elevation with or without combining it to obes-
ity, observed association between LTL and NAFLD, on
certain age groups and ethnicity. In a study by Laish et al.
similar association, as in our study, was found with LTL
and NAFLD in 22 NAFLD patients [12].

LTL is reduced in conditions with oxidative stress and
insulin resistance, which, in turn, are involved with patho-
genesis and progression of NAFLD as pointed before
[11,34]. Sharing the same general pathologic events makes
the association of NAFLD and LTL shortening plausible. In
addition, several of the comorbidities accompanying
NAFLD are known to shorten LTL as well [6,10]. With
these comorbidities, there is a complex interplay with
NAFLD, and it is therefore difficult to determine to which
extent are the actual histopathologic events in the liver,
other than fibrosis, responsible for association with short-
ened of LTL [35]. As liver fibrosis has been associated to
shorter LTL itself, it is possible that the association with
NAFLD and LTL is actually induced by the individuals with
fibrotic livers among our NAFLD participants. This would
also explain the mortality increase as suggested in our
hypothesis. The hypothesis bases on the earlier observations

on association with LTL and liver fibrosis but we cannot
verify this in our study group as we are unable to assess the
baseline fibrosis. Genetic mutations in the telomerase com-
plex, responsible for maintaining telomere length, have been
shown to induce liver fibrosis when accompanied by appro-
priate environmental factors [8]. These findings have raised
a question whether short telomeres act as drivers of fibrosis
in other liver diseases such as NAFLD [18].

On the other hand, if LTL is not associated with fibrosis
in our cohort, and fibrosis is not the observed driver for
mortality, explanation may lie again with the comorbid con-
ditions. By accumulation of these comorbidities, of several
associated with shorter LTL solely and some associated with
increased mortality, the expected result is further attrition of
LTL and observed mortality increase. It is also possible that
one of these comorbidities is responsible for the increased
mortality in interplay with NAFLD and either LTL directly
or the underlying pathology involved with shorter LTL. For
example, certain gene defects participating in maintenance
of LTL length have shown to associate with increased risk
of coronary artery disease (CAD) [10]. It is, therefore, pos-
sible that shortened LTL in NAFLD subjects aggravate CAD
eventually adding up to mortality. The intriguing finding of

Table 3. Cox regression analysis for hazard of death in non-NAFLD and NAFLD subjects.

Non-NAFLD subjects Univariate HR (95% CI) p Value Multivariate HR (95% CI) p Value

Demographics, obesity and tobacco
Age 1.07 (1.04–1.10) <.001 1.05 (1.01–1.09) .007
Sex 1.98 (1.37–2.86) <.001 1.32 (0.81–2.16) .272
MBO 1.85 (1.27–2.71) .001 1.36 (0.83–2.23) .227
BMI 1.04 (0.99–1.08) .108 – –
Waist 1.03 (1.01–1.04) <.001 1.00 (0.97–1.02) .720
Tobacco (pack years) 1.04 (1.03–1.05) <.001 1.03 (1.02–1.04) <.001

Diseases
Hypertension 0.91 (0.63–1.31) .607 – –
CHD 2.66 (1.61–4.40) <.001 1.67 (0.96–2.89) .069
Diabetes 2.98 (1.56–5.71) .001 1.95 (0.93–4.09) .080
History of stroke 5.06 (2.22–11.53) <.001 3.21 (1.30–7.89) .011

Laboratory parameters –
LTL 0.73 (0.32–1.70) .471 –
GGT 1.006 (1.002–1.011) .003 1.004 (0.999–1.009) .148
ALT 1.005 (0.997–1.013) .217 – –
LDL 1.175 (0.971–1.422) .097 – –

NAFLD subjects Univariate HR (95% CI) p Value Multivariate HR (95% CI) p Value

Demographics, obesity and tobacco
Age 1.07 (1.02–1.12) .002 1.06 (1.00–1.12) .042
Sex 1.38 (0.83–2.30) .214 – –
MBO 2.28 (1.16–4.46) .016 1.29 (0.60–2.74) .514
BMI 1.01 (0.96–1.06) .786 – –
Waist 1.02 (1.00–1.04) .034 1.01 (0.99–1.04) .366
Tobacco (pack years) 1.02 (1.01–1.04) .003 1.02 (1.01–1.04) .008

Diseases
Hypertension 0.96 (0.56–1.64) .869 – –
CHD 1.64 (0.88–3.06) .123 – –
Diabetes 2.34 (1.44–3.80) .001 2.20 (1.25–3.87) .006
History of stroke 7.36 (2.66–20.37) <.001 6.31 (2.06–19.32) .001

Laboratory parameters
LTL 0.16 (0.04–0.61) .007 0.20 (0.04–0.98) .045
GGT 1.002 (1.000–1.004) .014 1.002 (0.999–1.004) .163
ALT 1.009 (1.002–1.017) .009 1.006 (0.996–1.015) .236
LDL 0.91 (0.72� 1.16) .461 – –

HR: hazard ratio; CI: confidence interval; NAFLD: non-alcoholic fatty liver disease; CHD: coronary heart disease; BMI: body mass
index; MBO: metabolic syndrome; LTL: leucocyte telomere length.
Reference category for sex was female; GGT: gamma-glutamyltransferase; ALT: alanine aminotransferase; LDL: low-density
lipoprotein.
For MBO international diabetes federation diagnostic criteria (year 2005) were used. For multivariate analysis, we accepted cova-
riates that were statistically significant factors for hazard of death in univariate analysis in each subgroup.
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TM6SF2 risk allele association with longer telomeres also
points toward MBO related NAFLD and CAD to be the
issue with the adverse outcomes. TM6SF2 rs641738 has
been shown to be associated with liver steatosis and fibrosis
of the liver but also protective from CAD [30,36]. Now
TM6SF2 risk allele carriers have longer telomeres, increased
risk for fibrosis of the liver but less CAD suggesting CAD
may be the stronger driver for LTL shortening than liver
fibrosis. PNPLA3 and MBOAT7 did not correlate with LTL

even though they are also associated with increased risk of
liver fibrosis. Without exact knowledge on baseline fibrosis,
we cannot analyze further the primary factor behind shorter
LTL and mortality in NAFLD subjects.

Of interest is that NAFLD has not been a covariate in
studies addressing LTL and mortality. A recent large meta-
analysis, resulting in an association with mortality and LTL,
covered 25 different studies [9]. In those 25 studies, covari-
ates covered usually age, sex and metabolic traits and

Figure 2. Kaplan–Meier plot for hazard of death according to telomere tertiles in both NAFLD and non-NAFLD populations. For NAFLD the risk of death was statis-
tically lower in the longest segment whereas of non-NAFLD the middle segment was of lowest risk. NAFLD: nonalcoholic fatty liver disease.
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diseases such as BMI, CHD and diabetes. NAFLD is a very
common condition in general population and accompanied
by increased independent all-cause mortality risk as stated
before. It is, therefore, possible that some of the mortality
increase seen in the studies addressing LTL and mortality
may be explained, at least up to a certain point, by the asso-
ciation with NAFLD and LTL seen in our study.

The strength of our study is the vastly examined middle-
aged cohort resembling overall Finnish population. The
study population consisted of hypertensives and controls
with nearly equal proportions. The prevalence of hyperten-
sion in Finnish population aged over 30 years in 2000 is
about 50% (males 53% and females 46.5%) [37]. Baseline
age of the subjects resembles that of everyday practice in
hepatology clinics and is appropriate for a long surveillance
period and examinations in the factors for mortality.
Thoroughly examined metabolic factors, history of illnesses,
anthropometric data, NAFLD risk genes, laboratory exami-
nations and history of substance use (alcohol, tobacco) of
the subjects offer reliable data on study of covariates. As
often in the clinical practice, study used direct ultrasono-
graphic assessment of the liver to visualize echogenicity to
determine liver steatosis. This is to be considered as strength
of the study, as it has not been done earlier with this magni-
tude in NAFLD and LTL association studies but as a weak-
ness in overall as ultrasound is not very sensitive in mild
steatosis and does not offer reliable quantitation [32].

Unfortunately, we could not assess baseline fibrosis with
calculators without Asat-value which was not obtained at
the beginning of the study early 1990s. Stratifying NAFLD
with fibrosis grades would have given additional informa-
tion on relations with both LTL with NAFLD and LTL with
mortality. The qRT-PCR-method is generally accepted for
measuring LTL in cohort studies, but it measures the aver-
age LTL irrespective of cell type [33,38]. Given the complex
pathology in NAFLD certain type of leucocytes may interact
differently within the spectrum of the NAFLD disease and
the attrition of cell type may vary [1]. Furthermore, it is
unknown whether events in the fatty liver itself are the
cause of the attrition of leucocyte telomeres or is the reason
another organ or organ system. Of note is also that for this
21-year period, we had to rely on baseline LTL measure-
ment. Although LTL does offer a window for cumulative
burden of oxidative stress in a history of one subject, a ser-
ies of LTL measurements during follow up would have
given extended view of LTL and its prognostic value in
NAFLD subjects.

We found an independent association with LTL and
NAFLD in middle-aged Caucasian cohort. Within NAFLD
subjects, shorter LTL was independently associated with
overall mortality. Thus, LTL has the potential to be a useful
prognostic marker for NAFLD subjects. The mortality of
non-NAFLD patients did not associate with LTL. Future
studies need to confirm the association on LTL and NAFLD
as well as LTL and liver fibrosis. Confirmative studies on
mortality with NAFLD should include liver fibrosis grading
and in optimal setting, longitudinal LTL measurements and
outcome classifications with sufficient sample size.
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