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The  role  of the  sagittal  abdominal  diameter  (SAD)  as  a predictor  of incident  liver  disease  is  unknown.  6626
individuals  from  the  Finnish  population-based  Health  2000  Study  were  linked  with  national  registers  for
liver-related  admissions,  mortality  and cancer.  SAD  predicted  incident  liver  disease  (HR  1.32,  95%  CI
1.06–1.65)  when  adjusted  for age  and  sex,  but the  association  was  weaker  than for waist–hip  ratio  (HR
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1.86,  95%  CI  1.35–2.55),  waist  circumference  (HR  1.42,  95%  CI 1.12–1.81),  and  waist–height  ratio  (HR 1.44,
95%  CI  1.12–1.87);  BMI  was  non-significant.  In  conclusion,  SAD  provided  no  additional  benefit  to other
obesity  measures  in  predicting  incident  severe  liver  disease.

© 2018  Asia  Oceania  Association  for the  Study  of Obesity.  Published  by  Elsevier  Ltd.  All  rights
reserved.
aist–hip ratio

ntroduction

Obesity is associated with increased risk of liver disease [1].
eyond absolute fat mass, the distribution of adipose tissue affects
he metabolic consequences. Body-mass index (BMI) does not dif-
erentiate lean mass from adipose tissue, or central obesity from
referential peripheral fat distribution. Waist circumference (WC)

s limited by its inability to differentiate between subcutaneous
at and visceral fat. Recently, the waist/hip ratio (WHR) was  sug-
ested as the obesity measure with the strongest association to
on-alcoholic fatty liver disease (NAFLD) [2] and incident severe

iver disease [3].
The sagittal abdominal diameter (SAD), the height of the

bdomen when lying supine, correlates strongly with visceral adi-
osity and may  be a better predictor than other obesity measures
f cardiometabolic risk [4,5]. SAD differentiates between subcu-
aneous fat and visceral fat, because in the supine position, loose
ubcutaneous fat falls towards the sides due to gravity, whereas
arder visceral fat is left to contribute to the SAD measurement.

We analysed the value of SAD in predicting incident severe
iver disease in the general population and compared SAD to other
nthropometric measures.
∗ Corresponding author at: HUCH Meilahti Hospital, PB 372, 00029 HUS, Finland.
E-mail address: Fredrik.Aberg@helsinki.fi (F. Åberg).
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Subjects and methods

Data were from the Finnish population-based Health 2000 Study
(2000–2001), a multidisciplinary epidemiologic survey of a nation-
ally representative cohort. Data were collected at baseline through
questionnaires, interviews, physical examinations and blood tests.
The Health-2000 study is described in detail elsewhere [6,7]. The
Epidemiology Ethics Committee of the Helsinki and Uusimaa Hos-
pital Region approved the Health 2000 Study protocol, and all
participants provided signed informed consent. Follow-up data
until 2014 for liver-related admissions, mortality, and liver cancer
(ICD10 codes K70.1–K70.9, K72, K74.0–K74.2, K74.6, C22.0) came
from the National Hospital Discharge Register, Statistics Finland,
and the Finnish Cancer Registry, respectively. We  excluded sub-
jects with baseline liver disease (ICD10 codes K70–K77) (n = 54) and
those with chronic viral hepatitis at baseline or during follow-up
(n = 17).

Baseline SAD, BMI, WC,  WHR, and waist/height ratio (WHtR)
were entered into Cox regression analyses with various level of
adjustment. The covariates were standardised and centred to allow
direct comparisons of hazard ratios. The performance of each
anthropometric measure was  also tested using area-under-the-
curve (AUC) by c-statistics.
Results

The final study cohort comprised 6626 individuals: mean age
54 years (SD 15), 45% men, mean alcohol consumption 74 g/week
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Table  1
The effect of anthropometric measures in predicting severe liver disease in the general population by multivariate Cox regression analyses and c-statistics. Possible interaction
between the SAD and other measures were also tested.

Events/at risk Model 1 Model 2 Model 3 AUC (95% CI)
n/N  HR (95% CI) HR (95% CI) HR (95% CI)

SAD (cm) 0.63 (0.56–0.70)
Continuous 1.32 (1.06–1.65) 1.35 (1.08–1.70) 1.32 (1.03–1.70)
Quartiles

<19.5  8/1433 1 1 1
19.5–21.5 14/1603 1.16 (0.48–2.04) 1.41 (0.53–3.73) 1.48 (0.55–3.95)
21.6–23.5 18/1553 1.40 (0.60–3.28) 1.80 (0.70–4.64) 1.88 (0.71–4.98)
>23.5  26/1510 2.05 (0.90–4.66) 2.44 (0.97–6.14) 2.43 (0.91–6.48)

BMI  (kg/m2) 0.56 (0.49–0.64)
Continuous 1.12 (0.88–1.43) 1.16 (0.90–1.48) 1.12 (0.85–1.46)
Quartiles

<23.6  14/1647 1 1 1
23.6–26.3 15/1643 0.78 (0.37–1.62) 0.96 (0.45–2.08) 1.07 (0.49–2.34)
26.4–29.5 20/1630 0.98 (0.49–1.95) 1.12 (0.54–2.31) 1.12 (0.52–2.43)
>29.5  23/1655 1.21 (0.62–2.37) 1.35 (0.66–2.78) 1.27 (0.58–2.81)

WC  (cm) 0.67 (0.61–0.74)
Continuous 1.42 (1.12–1.81) 1.46 (1.13–1.88) 1.44 (1.09–1.90)
Quartiles

<83  7/1668 1 1 1
83–92.5 13/1633 1.26 (0.49–3.22) 1.70 (0.59–4.89) 1.95 (0.67–5.70)
92.6–101.5 18/1612 1.43 (0.57–3.58) 1.91 (0.67–5.44) 2.11 (0.72–6.17)
>101.5 34/1594 2.61 (1.09–6.25) 3.29 (1.20–9.00) 3.59 (1.23–10.5)

WHR  0.73 (0.66–0.79)
Continuous 1.86 (1.35–2.55) 1.81 (1.28–2.55) 1.74 (1.21–2.50)
Quartiles

<0.847 4/1631 1 1 1
0.847–0.911 8/1621 1.76 (0.52–5.94) 3.42 (0.72–16.3) 3.49 (0.73–16.8)
0.912–0.975 21/1626 3.77 (1.17–12.2) 7.50 (1.62–34.8) 8.27 (1.75–39.0)
>0.975 39/1627 6.28 (1.88–21.0) 10.6 (2.18–51.2) 10.9 (2.16–54.6)

WHtR  0.63 (0.57–0.70)
Continuous 1.44 (1.12–1.87) 1.53 (1.17–1.99) 1.53 (1.15–2.05)
Quartiles

<49.4  6/1492 1 1 1
49.4–54.4 17/1566 1.87 (0.73–4.81) 2.91 (0.97–8.74) 3.24 (1.06–9.96)
54.5–60.1 19/1505 2.03 (0.79–5.23) 2.89 (0.96–8.70) 3.15 (1.00–9.95)
>60.1  24/1521 2.86 (1.12–7.30) 4.39 (1.46–13.2) 4.78 (1.48–15.5)

Interaction terms
SAD * BMI  1.04 (0.90–1.20) 1.02 (0.88–1.19) 1.01 (0.86–1.20)
SAD  * WC 1.01 (0.87–1.17) 0.98 (0.83–1.16) 0.97 (0.81–1.16)
SAD  * WHR  1.13 (0.52–2.48) 0.78 (0.32–1.90) 1.06 (0.78–1.45)
SAD  * WHtR 0.99 (0.83–1.17) 0.96 (0.79–1.16) 0.95 (0.77–1.16)

Model 1: age and sex. Model 2: age, sex, alcohol consumption (g/week), smoking (current/former/never), physical exercise (2 per week/2–4 per month/less often). Model 3:
Model 2 + triglycerides, HDL-cholesterol, glucose.
Continuous variables are standardised and centred; thus, HRs reflect changes per standard deviation.
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bbreviations:  AUC, area under the curve; BMI, body mass index; HR, hazards ratio; 

C,  waist circumference.

SD 145), current smokers 26%, former smokers 22%, diabetes
0%, metabolic syndrome 46%. SAD correlated with BMI  (r = 0.85,

 < 0.001), WC (r = 0.87, P < 0.001), WHR  (r = 0.57, P < 0.001) and
HtR (r = 0.84, P < 0.001) when adjusting for age, gender, and

lcohol consumption. Correlation between alcohol consumption
g/week) and obesity measures was weak (r < 0.12 for each obesity

easure, adjusted for age and gender).
There were 72 liver events during follow-up. SAD exhibited a

ignificant association with liver disease risk, but the association
as weaker than for WHR, WC,  and WHtR (Table 1). BMI  showed
o significant association with incident liver disease (Table 1). WHR
xhibited the strongest risk effect for liver disease (Table 1); indi-
iduals in the highest quartile by WHR  had 6.3–10.6-fold risk for
iver disease compared to those in the lowest quartile. WHR  exhib-
ted the highest AUC for incident liver disease (Table 1).

There was no interaction effect between SAD and other anthro-
ometric measures (Table 1). SAD remained significant after

djusting for BMI  (HR 1.57–1.67, P = 0.002–0.02 in models 1–3), but
ost significance when adjusting for WC,  WHR, or WHtR. SAD was
on-significant in each BMI-, WC-, WHR-, or WHtR quartile.
agittal abdominal diameter; WHR, waist-to-hip ratio, WHtR, waist-to-height ratio,

WHR  exhibited higher hazard ratios than SAD and other mea-
sures also in non-heavy alcohol users (average consumption
<210 g/week for men  and <140 g/week for women), absent dia-
betes, women, men, and individuals aged <50 years or >50, but
WHtR was superior among those with BMI  <25 kg/m2 (data not
shown). SAD was  non-significant among non-diabetics. All anthro-
pometric measures were non-significant in subjects with diabetes
or heavy alcohol use.

Discussion

To our knowledge, this is the first longitudinal study compar-
ing SAD to other anthropometric measures in predicting incident
severe liver disease in the general population. WHR  proved supe-
rior to other measures, both with regards to magnitude of risk effect
and discriminatory ability. SAD provided no additional benefit. BMI
was the poorest predictor. Our results parallel recent findings indi-

cating superiority of WHR  compared to BMI  and WC  in predicting
liver disease risk [2,3,8].

Inclusion of the hip circumference in the WHR  may, better than
the other measures, account for subcutaneous fat in the glute-
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femoral region, the so called pear-type obesity, which is common
n Caucasians and uncommon in Asians. Low femoral subcutaneous
at was inversely associated with NAFLD in a cross-sectional South-
orean study [9].

Although SAD predicted incident liver disease, the other
nthropometric measures performed better. Further study on the
nfluence of obesity on liver disease should therefore likely focus on
he WHR  instead of BMI, WC,  WHtR or SAD. WHR  may  be the prefer-
ble obesity metric in liver-disease risk assessment and screening,
nd when assessing response to health interventions targeted at
educing this risk.
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