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ORIGINAL ARTICLE

Changes over time in the Chronic Liver Disease risk score predict liver-related
outcomes: longitudinal analysis of the Whitehall II study

Fredrik Åberga , Annie Brittonb and Panu K. Luukkonenc,d,e

aTransplantation and Liver Surgery Clinic, Helsinki University Hospital, University of Helsinki, Helsinki, Finland; bInstitute of Epidemiology
and Health Care, University College London, London, UK; cMinerva Foundation Institute for Medical Research, Helsinki, Finland;
dDepartment of Medicine, University of Helsinki and Helsinki University Hospital, Helsinki, Finland; eDepartment of Internal Medicine, Yale
University, New Haven, CT, USA

ABSTRACT
Background and Aims: The Chronic Liver Disease (CLivD) risk score was recently shown to predict
future advanced liver disease in the general population. We here investigated the impact of individual
CLivD-score changes over time.
Methods: Participants of both phase 3 (baseline, 1991–1994) and phase 5 (follow-up, 1997–1999)
examinations of the Whitehall II study were followed for liver-related outcomes (hospitalization, cancer,
death) until December 2019 through linkage with electronic healthcare registers. The CLivD score, its
modifiable components (alcohol use, waist–hip ratio [WHR], diabetes, and smoking), and their individ-
ual changes were studied.
Results: Among 6590 adults (mean age 50 years, 30% women) with a median 21-year follow-up, there
were 80 liver outcomes. A rise in the CLivD score between baseline and follow-up examinations signifi-
cantly increased the risk for liver-related outcomes (adjusted hazard ratio [aHR] 1.62, 95% confidence
interval [CI] 1.01–2.60), more so in subjects with baseline intermediate–high CLivD scores (HR 2.4 for a
CLivD-change) compared to minimal-low CLivD scores. Adverse changes over time in alcohol use and
WHR, and new-onset diabetes also predicted liver outcomes. In contrast to WHR, changes in body
weight (kg) showed a U-shaped association with liver outcomes.
Conclusions: A change in the CLivD score over time corresponds to a true change in the risk for liver-
related outcomes, suggesting the usefulness of the CLivD score for assessing response to liver-directed
lifestyle interventions. Changes in WHR predicted liver outcomes better than changes in body weight
or waist circumference, independent of body mass index, supporting the WHR in assessing risk for
future liver disease.

Abbreviations: CLivD: Chronic Liver Disease; WHR: waist–hip ratio; HES: hospital episode statistics
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Introduction

Chronic Liver Disease (CLivD) and cirrhosis are major health-
care burdens leading to substantial morbidity, mortality, and
healthcare cost [1]. Alcohol use, obesity, and metabolic dys-
function are the most common etiologies for nonviral cirrho-
sis [1]. Liver cirrhosis tends to develop silently without signs
or symptoms until the development of complications such as
ascites or variceal bleeding, whereby prognosis is poor [2].

We recently developed and validated a Chronic Liver
Disease risk score – the CLivD score – for the prediction of
severe liver-related outcomes (liver-related hospitalization, can-
cer, and death) [3]. The non-laboratory version of this score is
based on simple and widely available variables that are well-
acknowledged population risk factors for cirrhosis: age, sex,
waist–hip ratio (WHR), diabetes, alcohol use, and smoking
[4–10]. Similar to risk prediction scores such as the Framingham
score or SCORE used in the cardiovascular field [11], the CLivD

score enables the identification of individuals in the general
population at high risk of developing liver-related outcomes
before advanced liver disease arises. The CLivD score can be
useful as a motivational tool to support healthier lifestyle habits
including a reduction in alcohol use and weight loss.

Alcohol use, abdominal obesity, and smoking are modifi-
able risk factors [12–14]. Type 2 diabetes is also at least par-
tially preventable through healthy lifestyle habits [15,16].
However, it remains unproven whether lifestyle modifications
to reduce an individual’s CLivD score would also reduce the
true risk of liver outcomes for that individual. The CLivD
score was built by measuring the risk factors at one point in
time, namely at the study baseline, which is also the reality
when making risk predictions in the clinic. However, this
does not account for dynamic lifestyle modifications over
time, such as changes in alcohol use or weight loss or
weight gain.
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Obesity can be assessed by multiple anthropometric meas-
ures, such as body weight, body mass index (BMI), waist circum-
ference, and WHR. WHR has repeatedly been shown to be the
best anthropometric predictor of future severe liver disease
[9,17,18]. WHR can be decreased with dietary and exercise inter-
ventions [13,14,19–21]. However, it remains unclear whether
WHR is the most optimal response measure for a change in
obesity when making predictions of the risk of liver disease.

We used the Whitehall II study population with longitu-
dinal clinical measurements and registry linkage for liver out-
comes to study whether a change in the CLivD score and/or
in its individual components over time corresponds to a
change in the true risk for incident liver outcomes. We also
compared the predictive performance for incident liver out-
comes of a change over time in WHR to that in body weight
or waist circumference.

Material and methods

The study was based on data from the Whitehall II study,
which is an ongoing cohort study of civil servants in
London-based offices [22]. A total of 10 308 adults (6895
men and 3413 women, aged 35–55) were originally recruited
from 1985 to 1988. Follow-up clinical examinations have
taken place every 4–5 years, with each wave taking 2 years to
complete. Written informed consent from participants and
research ethical approvals were renewed at each contact.
Subjects were linked electronically to national registers of
hospitalization, cancer, and mortality up to December 2019
[23]. In studies of chronic diseases, the sensitivity and specifi-
city of the Hospital Episode Statistics (HES) database are high
[23,24]. Because the hospitalization register achieved a high
level of national coverage from January 1997 onward, we set
the start of follow-up time for liver-related outcomes at the
Whitehall II study’s fifth follow-up examination (phase 5)
which was undertaken in 1997–1999.

The variables necessary to calculate the CLivD score had
been recorded starting in phase 3 of the Whitehall II study,
and again at phase 5. Phase 3 was undertaken from 1991 to
1994 and phase 5 from 1997 to 1999. In this study, we consid-
ered phase 3 as the baseline examination and phase 5 as the
follow-up examination, while the follow-up for liver-related
outcomes started after phase 5. We therefore included sub-
jects who participated in both phase 3 (baseline) and phase 5
(follow-up) examinations and who had all the variables neces-
sary to calculate the CLivD score at phase 3 (baseline). The
complete-case cohort included individuals with all necessary
data to calculate the CLivD score at both the baseline (phase
3) and follow-up (phase 5) examinations. We excluded those
with a baseline diagnosis of CLivD, missing registry follow-up,
and missing data to calculate the CLivD score at phase 3
(baseline) (Figure S1 in Supplementary Material).

Baseline and follow-up variables retrieved for the study
included age, sex, smoking status (current, former, or never
smoker), alcohol use (drinks per week), WHR, weight, height,
waist circumference, and diabetes. One alcohol drink was
defined as 10 grams of ethanol. New-onset diabetes was
defined as a diabetes diagnosis at the follow-up examination

(phase 5) without a diabetes diagnosis at baseline (phase 3).
Detailed protocols for these measurements have been previ-
ously reported [25,26]. The CLivD score was calculated based
on age, sex, smoking status, alcohol use, WHR, and diabetes
as described in the original CLivD-score publication [3] and
in the Supplementary material.

Study endpoints were fatal and non-fatal advanced liver
disease requiring hospital admission or a diagnosis of liver
cancer or liver-related death, defined in the same way as
in the original CLivD score publication [3]. The ICD codes
used for defining the outcomes are listed in Table S1 in
Supplementary Material.

Statistical analyses

Correlations were calculated as Pearson correlations. To test
the association of sequential change in the CLivD score, we
fitted a Cox regression model with baseline (phase 3) CLivD
score and change in the CLivD score between the baseline
(phase 3) and follow-up (phase 5) examinations as covariates
and time to first liver event as the outcome. To test the asso-
ciation of sequential change in alcohol use and the WHR, we
fitted a Cox regression model with baseline CLivD score,
changes in alcohol use, and WHR between baseline and fol-
low-up as covariates. To test the association of incident dia-
betes, we fitted a Cox regression model with the same
variables and new-onset diabetes among those without dia-
betes at baseline (phase 3). Moreover, we fitted a Cox regres-
sion model with alcohol use at baseline and change in
alcohol use from baseline to follow-up as covariates, and
another model with the WHR at baseline and change in WHR
from baseline to follow-up as covariates. Both of these mod-
els were also adjusted for age and sex. To compare the per-
formance of different anthropometric measures, we further
fitted similar Cox models as above, but with waist circumfer-
ence or body weight as covariates instead of the WHR.

In the subgroup of individuals without diabetes at base-
line, we further fitted a Cox regression with new-onset dia-
betes between baseline and follow-up as the covariate, and
age and sex as adjustments. There were too few outcome
events (1 and 8) among subjects who started smoking or
stopped smoking between baseline and follow-up to allow
for meaningful analyses of a change in smoking behaviors.

The functional form of the association between various
covariates and liver-related outcomes was assessed using
restricted cubic splines with degrees of freedom selected
using the Akaike Information Criterion. Effect modification
was evaluated by subgroup analyses based on the previously
defined CLivD risk categories: minimal risk (CLivD score
<–0.412), low risk (CLivD score �0.413–1.912), and interme-
diate–high (CLivD score �1.913) [3]. The intermediate and
high-risk categories were combined due to small numbers.
To assess the effect of modification of baseline BMI, we com-
pared the various anthropometric measures in subgroup
analyses by baseline BMI (� or >25 kg/m2). Finally, we esti-
mated the impact of both baseline (phase 3) CLivD score
and change in the CLivD score between the baseline (phase
3) and follow-up (phase 5) examinations on the absolute
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20-year cumulative incidence of liver-related outcomes and
non-liver death using Fine-Gray competing-risk regression. A
value of p < .05 was considered statistically significant. Data
were analyzed with R software version 3.6.1.

Results

The study cohort included 6 590 persons that participated in
both the baseline (phase 3) and follow-up examinations
(phase 5) of the Whitehall II studies and had complete data
to calculate the CLivD score at baseline (overall cohort). Of
these, 4388 (67%) had complete data to calculate the CLivD
score at both the baseline and follow-up (complete-case
cohort). Follow-up data for WHR was missing in 2072 (31%)
participants of the overall cohort; otherwise missingness
rates ranged from 0% to 8% (Figure S1 in Supplementary
Material). Baseline characteristics were similar in the overall
and complete-case cohorts (Table 1).

The median time between the baseline and follow-up
examinations was 5.9 years (range 4.2–7.9, IQR 5.6–6.1).
During this time, there was a slight increase in mean alcohol
use (þ3.2 drinks per week, standard deviation [SD] 10.4),
waist circumference (þ5.1 cm, SD 6.0), hip circumference
(þ3.0 cm, SD 4.3), and body weight (þ2.5 kg, SD 4.7) (Table
2); the distributions of these changes are shown in Figure S2
in Supplementary Material. The mean WHR did not change
over the follow-up. Eighty-nine subjects (1.4%) developed
new-onset diabetes, 220 (3.5%) stopped smoking and 58
(0.9%) started smoking (Table 2). The CLivD score increased
on average by 0.41 units (SD 0.59) over this follow-up. The
CLivD score increases by 0.044 units per year of follow-up
from the effect of aging alone.

Change in alcohol intake between the baseline and fol-
low-up examinations did not correlate with the correspond-
ing changes in WHR (r¼ 0.04), waist circumference (r¼ 0.03),
or weight (r¼ 0.07). The correlation coefficient between
change in WHR and change in waist circumference was 0.63
(p< .001), that between change in WHR and change in body
weight was 0.37 (p< .001), and that between change in waist
circumference and change in body weight was
0.72 (p< .001).

During a median follow-up of 21.4 years (range 0.1–22.5,
IQR 20.8–21.8, 132 178 person-years) from the follow-up
examination (phase 5) until the first liver-related event,
death or December 2019, there were 80 liver-related events
in the overall cohort, and 47 in the complete-case cohort.
The respective incidence rates were 60.5 and 52.6 per 100
000 person-years. There were 1141 deaths without
liver disease.

Change over time in the CLivD score

When adjusted for the baseline CLivD score, the change in
CLivD score between the baseline and follow-up examin-
ation was significantly associated with incident liver out-
comes; the hazard ratio (HR) for a 1-unit change in the
CLivD score was 1.62 (95% confidence interval [CI]
1.01–2.60) (Table 3). A 1-unit change in the CLivD score cor-
responds approximately to an 1 SD change in the popula-
tion. The findings were similar when also adjusting for the
time between baseline and follow-up examinations
(Table 3).

The HRs for a change in the CLivD score over time
increased along with baseline risk as estimated by the base-
line CLivD score, from 1.3 in the minimal- and low-risk
groups to 2.4 in the intermediate–high-risk groups (Table 3).
The functional form of the change in CLivD score over time
and the subsequent risk of liver outcomes are visualized in
Figure 1.

Table 1. Demographics at baseline (phase 3) and follow-up (phase 5) in the overall and complete-case cohort of the Whitehall II study.

Overall cohort Complete-case cohort

Baseline examination Follow-up examination Baseline examination Follow-up examination

Subjects 6590 4388
Age 50 (6) 55 (6) 50 (6) 56 (6)
Female 1965 (29.8) 1319 (30.1)
Alcohol use (drinks per week) 10.5 (11.8) 13.7 (15.5) 10.5 (11.6) 13.8 (15.7)
Current smoker 884 (13.4) 648 (10.5) 573 (13.1) 468 (10.7)
Diabetes 194 (2.9) 283 (4.3) 130 (3.0) 185 (4.2)
Waist–hip ratio 0.88 (0.09) 0.89 (0.09) 0.88 (0.09) 0.89 (0.09)
Waist circumference (cm) 85.8 (11.6) 90.8 (11.8) 85.7 (11.6) 90.8 (11.8)
Hip circumference (cm) 96.8 (7.3) 99.9 (7.5) 96.9 (7.2) 99.9 (7.5)
Body weight (kg) 74.9 (12.7) 77.5 (13.5) 74.9 (12.6) 77.4 (13.5)
CLivD score �0.22 (0.90) 0.17 (0.99) �0.24 (0.89) 0.17 (0.99)

Minimal risk 2922 (44.3) 1313 (29.9) 1979 (45.1) 1313 (29.9)
Low risk 3541 (53.7) 2849 (64.9) 2332 (53.1) 2849 (64.9)
Intermediate–high risk 127 (2.0) 226 (5.2) 77 (1.8) 226 (5.2)

Data are presented as mean (SD) or n (%).

Table 2. Change over the follow-up in clinical characteristics and the CLivD
score from the baseline (phase 3) to the follow-up examination (phase 5) of
the Whitehall II study.

Change in alcohol use (drinks/week), mean (SD) þ3.2 (10.4)
Nonsmoker at baseline and follow-up, n (%) 5330 (86.0)
Current smoker at baseline and follow-up, n (%) 590 (9.5)
Current smoker at baseline, had stopped smoking

at follow-up, n (%)
220 (3.5)

Nonsmoker at baseline, started smoking, n (%) 58 (0.9)
New-onset diabetes, n (%) 89 (1.4)
Change in waist–hip ratio, mean (SD) 0.00 (0.04)
Change in waist circumference (cm), mean (SD) þ5.1 (6.0)
Change in hip circumference (cm), mean (SD) þ3.0 (4.3)
Change in body weight (kg), mean (SD) þ2.5 (4.7)
Change in the CLivD score, mean (SD) þ0.41 (0.59)
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Change in individual CLivD score components over time

In a Cox regression model with baseline CLivD score, change
in alcohol use, and change in WHR as independent variables,
an increase in alcohol use by 1 weekly drink increased the
relative risk of liver-related outcomes by 1% (HR 1.01, 95% CI
1.00–1.02, p¼ .05). An increase in WHR by 0.01 units

increased the relative risk of liver outcomes by 10% (HR 1.10,
95% CI 1.03–1.18, p¼ .003). In subjects without diabetes at
baseline, when including new-onset diabetes as an additional
independent variable in the model, both alcohol intake and
WHR remained significant, and new-onset diabetes was
highly significant (HR 10.8, 95% CI 4.24–27.7, p< .001).

In Cox models adjusted for age, sex, and baseline alcohol
use, the change in alcohol use over time predicted liver-
related outcomes in the cohort as a whole (Table 3).
Similarly, in models adjusted for age, sex, and baseline WHR,
the change in WHR over time predicted liver-related out-
comes (Table 3). The functional form of these associations
for the group as a whole is shown in Figure 2 and Figure S3
in Supplementary Material.

Alternative measures of obesity

When adjusted for age, sex, and baseline waist circumfer-
ence, a rise by 1 cm in waist circumference over time
increased the relative risk of liver-related outcomes by 5%
(HR 1.05, 95% CI 1.00–1.10, p .04). When adjusted for age,
sex, and baseline weight, a change in body weight did not
significantly alter the risk of liver-related outcomes (HR 1.03,
95% CI 0.97–1.08, p¼ .35). These findings remained
unchanged when analyzed in the complete-case cohort (data
not shown). The functional forms of the associations with
liver outcomes are shown in Figure 2; as seen, change in
body weight had a U-shaped association with the risk for
liver-related outcomes, meaning that both weight loss and
weight gain increased this risk.

Table 3. Associations between a change in the CLivD score, or individual components of the CLivD score, from the baseline (phase 3) to the follow-up (phase
5) examinations of the Whitehall II study and risk for liver-related outcomes after phase 5.

CLivD score Subjects Liver events HR (95% CI) p Adjustments

All subjects
Change in CLivD score 4388 47 1.62 (1.01–2.60) .04 CLivD score at baseline
Change in CLivD score 4388 47 1.61 (1.01–2.57) .04 CLivD score at baseline, years between baseline,

and follow-up examinations
Baseline minimal risk (CLivD score <�0.412)
Change in CLivD score 1979 12 1.33 (0.45–3.92) .60 CLivD score at baseline

Baseline low risk (CLivD score �0.413–1.912)
Change in CLivD score 2332 28 2.15 (1.17–3.93) .01 CLivD score at baseline

Baseline intermediate–high risk (CLivD score� 1.913)
Change in CLivD score 77 7 2.35 (1.37–5.91) .03 CLivD score at baseline

Individual components of the CLivD score
All subjects
Change in alcohol use� 6088 70 1.02 (1.00–1.03) .01 Age, sex, and baseline alcohol use
Change in WHR�� 4518 51 1.13 (1.06–1.20) <.001 Age, sex, and baseline WHR

Baseline minimal risk (CLivD score <�0.412)
Change in alcohol use� 2703 19 0.98 (0.90–1.08) .71 Age, sex, and baseline alcohol use
Change in WHR�� 2040 12 1.05 (0.92–1.20) .48 Age, sex, and baseline WHR

Baseline low risk (CLivD score �0.413–1.912)
Change in alcohol use� 3273 43 1.02 (1.01–1.04) .009 Age, sex, and baseline alcohol use
Change in WHR�� 2398 31 1.16 (1.07–1.26) <.001 Age, sex, and baseline WHR

Baseline intermediate–high risk (CLivD score� 1.913)
Change in alcohol use� 112 8 1.01 (0.99–1.03) .42 Age, sex, and baseline alcohol use
Change in WHR�� 80 8 1.17 (0.97–1.40) .10 Age, sex, and baseline WHR

WHR: waist–hip ratio; HR: hazards ratio; CI: confidence interval.
Analyses are by Cox regression.�Per 1 weekly drink increase.��Per 0.01-unit increase.

Figure 1. Nonlinear association between the change in the Chronic Liver
Disease (CLivD) risk score from the baseline (phase 3) to follow-up (phase 5)
measurement and risk for liver-related outcomes after phase 5. Analysis is by
Cox regression with restricted cubic spline and adjusted for the CLivD score
at baseline.

4 F. ÅBERG ET AL.

https://doi.org/10.1080/00365521.2022.2113130
https://doi.org/10.1080/00365521.2022.2113130


In a Cox model including age, sex, baseline waist and hip
circumferences, and changes in the waist and hip circumfer-
ences, the change in hip circumference was associated with
a reduced risk of liver-related outcomes (HR 0.89, 95% CI
0.82–0.98, p¼ .02) while the change in waist circumference
was associated with an increased risk (HR 1.11, 95% CI
1.04–1.18, p< .001) with a slightly stronger risk effect than in
the model above where hip circumference was not consid-
ered (Figure 2).

To examine whether the association between WHR and
future risk of liver-related outcomes was dependent on BMI,
we performed subgroup analyses by baseline BMI. A change
in WHR over time was significantly associated with future
risk of liver-related outcomes both among normal-weight
individuals (baseline BMI � 25 kg/m2) and overweight/obese
individuals (baseline BMI >25 kg/m2), while changes in waist

circumference or body weight were both non-significant
(Table S2 in Supplementary Material).

Cumulative incidences by competing-risk analysis

In a Fine-Gray competing-risk model adjusted for the base-
line CLivD score, the change in CLivD score between the
baseline and follow-up examination was associated with inci-
dent liver outcomes with a similar risk estimate (subdistribu-
tion HR 1.59, 95% CI 1.02–2.46, p¼ .04) as in the Cox model.
The change in CLivD score did not predict non-liver death
(subdistribution HR 1.02, 95% CI 0.90–1.15, p¼ .79). The com-
bined impact of baseline CLivD score and the change in
CLivD score between the baseline and follow-up examination
on the absolute 20-year cumulative incidence of liver-related
outcomes and non-liver death is shown in Table 4.

Figure 2. Nonlinear association between a change in (A) waist–hip ratio (WHR), (B) body weight, (C) waist circumference, and (D) hip circumference from the base-
line to follow-up measurement and risk for liver-related outcomes by adjusted Cox regression analyses.
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Discussion

A decrease in the CLivD risk score over time implies that the
individual has adopted healthier lifestyle habits with regard
to the liver. Conversely, an increase in the CLivD score
exceeding the increase from aging alone (0.044 units per
year) implies that adverse lifestyle changes have been made.

We here show that a change in the CLivD risk score over
time mirrors a true change in the incidence of clinical liver-
related outcomes, namely hospitalization, cancer, and death.
This implies that the CLivD score could be used for assessing
response to lifestyle interventions aimed at preventing the
development of severe liver disease.

The relative effect of a change in the CLivD score on inci-
dent liver outcomes over follow-up was higher (HR 2.4 vs.
1.3) among individuals with intermediate or high baseline
risk according to the CLivD score compared to those with
minimal or low baseline risk. These findings further support
the notion that lifestyle interventions are best targeted to
individuals with intermediate or high CLivD risk scores.

Regarding changes in the individual components of the
CLivD score, we found that reductions in alcohol use and in
WHR over time were both significantly associated with
decreased incidence of liver-related outcomes, independent
of each other. Development of new-onset diabetes during
the follow-up was a particularly strong predictor of
liver outcomes.

Interestingly, body recomposition in a way that reduced
WHR, but not necessarily body weight measured in kilograms
per se, was associated with decreased risk of liver outcomes.
In fact, a substantial loss in body weight (>10 kg) tended to
increase the incidence of liver outcomes in our study. A U-
shaped association between BMI and future risk for liver dis-
ease was also reported in the Million Women Study [27].
One potential explanation for this seemingly paradoxical
finding may be that substantial weight loss could be second-
ary to a new-onset illness and loss of lean body mass rather
than an active choice to adopt a healthier lifestyle. We

speculate that a reduction in WHR rather than in body
weight may more specifically reflect improvement in meta-
bolic dysfunction and reduction in visceral or liver fat [28,29].
In contrast to body weight, WHR might be a useful response
measure also among lean individuals (BMI <25 kg/m2) [30].

Changes in waist circumference and hip circumference
over time had independent and opposite associations with
liver-related outcomes. A previous study similarly reported
that increased waist circumference was more strongly associ-
ated with incident severe liver disease when accompanied
by a low, compared to high, hip circumference [31]. A high
waist circumference with low hip circumference (high WHR)
seems to reflect a more severe metabolic dysfunction, rela-
tively more visceral fat, and/or less gluteal muscle mass than
the same level of waist circumference with high hip circum-
ference (low WHR) [31]. These aspects are largely captured in
the WHR [31], which supports previous observations that the
WHR is superior to waist circumference alone and other
anthropometric measures in predicting liver-related out-
comes [9,17,18].

The corollary of these findings is that more focus should
be put on measuring WHR when assessing the effect of life-
style interventions to reduce the risk for severe liver disease.
In contrast, a reduction in body weight alone, without con-
sidering the simultaneous change in the WHR, may give false
impressions of reduced risk of liver disease outside the con-
text of lifestyle interventional studies.

Previous intervention trials have shown that the WHR
can be reduced by dietary and exercise interventions
[13,14,19–21]. Validity of self-measurements of WHR has
been shown to be good [32,33], and recently mobile applica-
tions enable valid WHR measurements using digital photog-
raphy technology [34], which has the potential to increase
the utilization of these measurements in the population.

It has also been shown that lifestyle interventions in high-
risk subjects can reduce the risk of new-onset type 2 dia-
betes [15,16], and this will likely simultaneously reduce the

Table 4. Combined impact of baseline CLivD score and the change in CLivD score between the baseline (phase 3) and follow-up
(phase 5) examination on the subsequent absolute 20-year cumulative incidence of liver-related outcomes and non-liver death.

Baseline CLivD score

Change in CLivD score –1 –0.5 0 0.5 1 1.5 2 2.5

Liver-related outcomes
–1 0.2% 0.3% 0.4% 0.7% 1.0% 1.6% 2.4% 3.7%
–0.5 0.2% 0.4% 0.5% 0.8% 1.3% 2.0% 3.1% 4.7%
0 0.3% 0.4% 0.7% 1.1% 1.6% 2.5% 3.8% 5.9%
0.5 0.4% 0.6% 0.9% 1.3% 2.0% 3.1% 4.8% 7.3%
1 0.5% 0.7% 1.1% 1.7% 2.6% 3.9% 6.0% 9.2%
1.5 0.6% 0.9% 1.4% 2.1% 3.2% 4.9% 7.5% 11.4%
2 0.7% 1.1% 1.7% 2.6% 4.1% 6.2% 9.4% 14.1%
2.5 0.9% 1.4% 2.2% 3.3% 5.1% 7.7% 11.7% 17.5%

Competing risk of death without a liver outcome
–1 9.1% 11.2% 13.8% 17.0% 20.7% 25.2% 30.4% 36.5%
–0.5 9.2% 11.3% 13.9% 17.1% 20.9% 25.4% 30.6% 36.7%
0 9.2% 11.4% 14.0% 17.2% 21.0% 25.6% 30.9% 36.9%
0.5 9.3% 11.5% 14.1% 17.4% 21.2% 25.7% 31.1% 37.2%
1 9.4% 11.6% 14.3% 17.5% 21.4% 25.9% 31.3% 37.4%
1.5 9.5% 11.7% 14.4% 17.6% 21.5% 26.1% 31.5% 37.7%
2 9.5% 11.8% 14.5% 17.8% 21.7% 26.3% 31.7% 37.9%
2.5 9.6% 11.9% 14.6% 17.9% 21.8% 26.5% 31.9% 38.2%

Analyses are by Fine-Gray competing-risk regression.
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risk of liver disease, although this issue remains to be expli-
citly proven.

The main strength of this study is the ability to analyze
longitudinal changes in individual risk profiles over time and
link these changes to clinical liver-related outcomes (hospi-
talization, cancer, and death related to liver disease).
Although the Whitehall II study cohort consists of civil serv-
ants working in London and are predominantly white, previ-
ous studies have shown that the etiology findings are
representative of the general population [35]. Moreover, fol-
low-up was long, median of 21 years. An inevitable disadvan-
tage of long follow-up is that the standard of care may have
changed over the years.

As in any observational study, not all behavioral changes
reflect an active decision to adopt healthier lifestyles but
may instead reflect changes made secondary to a new-onset
illness. Larger studies are needed to enable more compre-
hensive adjustment for such potential confounding.
Definitive conclusions would need a large randomized trial
to analyze the effect of lifestyle interventions targeting a
reduction in the CLivD score on the incidence of clinical
liver-related outcomes.

Our study methodology did not reflect lifestyle changes
over the entire length of follow-up, only the changes that
occurred between phases 3 and 5 of the Whitehall II study.
We chose this approach because a substantial proportion of
participants did not attend the later follow-up visits, and the
lack of later clinical follow-up data could introduce selection
bias while simultaneously reducing cohort size and statistical
power. In the current approach, all subjects were followed
passively through registry linkage. Although the overall
cohort was relatively large, the number of liver-related
events was small. There were too few subjects with a change
in smoking habits to allow for meaningful analyses.
Therefore, more study is needed to clarify whether smoking
cessation reduces the incidence of liver outcomes.

Implications

The CLivD score can be used interactively with the patient to
communicate the personal risk of severe liver disease and
facilitate a discussion as to how lifestyle modifications can
reduce that risk. The knowledge of being at high risk for the
severe liver disease can serve as a motivational tool to take
action in changing behavior, such as reducing drinking,
adopting healthier dietary habits, and increasing physical
activity. For instance, the level of drinking that becomes
harmful to the liver in any given individual likely depends on
several other risk factors [36]. The CLivD score accounts for
many of these factors and therefore allows a more compre-
hensive evaluation of the individual risks of drinking. This
observational study suggests that the CLivD score could be
used to assess the response to lifestyle interventions tar-
geted to prevent the development of severe liver disease.
Finally, the CLivD score can be used for targeting the resour-
ces of interventional programs to prevent severe forms of
liver disease. Such resources should likely be targeted to per-
sons with intermediate or high CLivD scores.

In conclusion, a change in the individual risk profile over
time resulting in a change in the CLivD risk score leads to a
corresponding change in the incidence of clinical liver-
related outcomes. The CLivD score could thus likely be used
for assessing response to lifestyle interventions in persons at
risk for severe liver disease. WHR appears to be a better
measure of change in adiposity with regard to risk for liver
disease than waist circumference or body weight.
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