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AbstrAct
Objective Familial combined hyperlipidemia (FCHL) is 
common among survivors of a premature myocardial 
infarction. FCHL patients are characterized by visceral 
obesity, fatty liver, and insulin resistance. The aim of 
the present study was to determine the incidence and 
determinants of type 2 diabetes (T2D) in a longitudinal 
cohort of FCHL pedigrees.
Research design and methods FCHL patients, their 
unaffected relatives and spouses included in our baseline 
cohort in 1998–2005 (n=596) were re- invited to determine 
the incidence of self- reported T2D (that was confirmed by 
medical records), used as the primary outcome measure. 
The Fatty Liver Index (FLI) and Homeostasis Model 
Assessment Insulin Resistance (HOMA2- IR) were used as 
markers of fatty liver and insulin resistance, respectively. 
A subset of the original cohort underwent ultrasound of 
the liver, and subcutaneous and visceral fat in 2002–2005 
(n=275; ‘ultrasound subcohort’).
Results Follow- up data (median: 15 years) was acquired 
for 76%. The incidence rate of T2D was significantly higher 
in FCHL patients compared with spouses (19.2 per 1000 
person- years vs 2.8 per 1000 person- years; HR : 6.3, 95% 
CI: 2.4 to 16.8), whereas no differences were observed 
between unaffected relatives and spouses (HR: 0.9, 
95% CI: 0.3 to 2.6). Cox’s proportional hazard regression 
analyses showed that baseline HOMA2- IR and FLI≥60, but 
not waist circumference, BMI, or the FCHL affected state, 
were independently associated with incident T2D. Similar 
results were obtained in the ultrasound subcohort (median 
follow- up: 11 years), in which baseline HOMA2- IR and 
fatty liver (assessed by ultrasound) were independently 
associated with incident T2D.
Conclusion This study further corroborates the 
suggestion that the liver plays a central role in the 
pathogenesis of cardiometabolic complications in FCHL. 
It supports periodical screening for T2D in this high- risk 
population.

InTROduCTIOn
Familial combined hyperlipidemia (FCHL) 
is a complex, genetic dyslipidemia that was 
first described more than four decades ago 
among survivors of a premature myocar-
dial infarction.1 The increased number 
of apolipoprotein B containing lipopro-
teins (very low- density lipoprotein (VLDL), 

intermediate- density lipoprotein (IDL), and 
low- density lipoprotein (LDL)) in FCHL is 
the consequence of VLDL overproduction 
combined with an impaired clearance of 
VLDL remnants, IDL, and LDL particles. 
Several genetic variants that affect particle 
clearance have been identified in FCHL.2

Stable isotope studies have shown that 
hepatic VLDL overproduction is driven by 
insulin resistance and hepatic fat accumula-
tion.3 4 We have previously shown that fatty 
liver, the first stage of non- alcoholic fatty liver 
disease, is highly prevalent among FCHL 
patients.5 Furthermore, 25%–35% of the vari-
ance in fatty liver can be explained by genetic 
factors in FCHL pedigrees.6

Since both insulin resistance and fatty liver 
are risk factors for the development of type 
2 diabetes (T2D),7 8 it appears likely that 
FCHL patients are also prone to develop 
T2D. However, the presence of T2D in the 
index patients is an exclusion criterion for 

significance of this study

What is already known about this subject?
 ► Patients with familial combined hyperlipidemia 
(FCHL) are characterized by fatty liver and insulin 
resistance. There is conflicting evidence whether 
the incidence of type 2 diabetes (T2D) is higher in 
patients with FCHL.

What are the new findings?
 ► This 15- year longitudinal study in a relatively large 
FCHL cohort shows that FCHL patients have a sub-
stantially greater risk to develop T2D than their 
spouses (HR: 6.3). Fatty liver and insulin resistance 
are baseline predictors of incident T2D.

How might these results change the focus of 
research or clinical practice?

 ► These findings further emphasize the prominent role 
of the liver in explaining the cardiometabolic abnor-
malities in FCHL and support periodical screening for 
T2D in this high- risk population.
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the diagnosis of FCHL,9 which could lead to an enrich-
ment of T2D- protective genes in FCHL pedigrees. One 
example of such a gene is glucokinase regulatory protein 
(GCKR). The GCKR variant that increases plasma lipids 
and protects from T2D10 is more common in FCHL.11 It is 
therefore difficult to predict whether FCHL patients are 
predisposed to or protected from T2D.

We have previously attempted to address this issue in a 
cohort of FCHL patients and their spouses and suggested 
that the incidence of T2D is higher in FCHL patients.12 
A strong inference on the higher incidence of T2D and 
its baseline predictors in FCHL was, however, limited by 
the small population size (n=110 in total) and a relatively 
short follow- up period (5 years).12 Longer follow- up data 
of a larger cohort are warranted particularly because 
another FCHL cohort did not find a higher 10- year inci-
dence of T2D in comparison to healthy controls.13

More recently, we presented the first data of a cohort of 
FCHL patients, unaffected relatives, and spouses (n=596) 
that was followed over a 15- year period.14 The aim of the 
present study, therefore, was to assess the incidence of 
T2D and baseline determinants thereof in this larger 
cohort.

MeTHOds
study participants
The details of this cohort have recently been described 
elsewhere.14 In short, between 1998 and 2005, FCHL 
patients, their unaffected relatives, and spouses (n=596), 
derived from 48 families, visited the research ward after 
2 weeks withdrawal of any lipid- modifying medication, 
3 days abstinence from alcohol, and fasting since the 
evening prior to their visit. The affected state, that is being 
an FCHL patient, was based on plasma lipid apolipopro-
tein B>1.2 g/L and triglycerides>1.5 mmol/L.9 Family 
members who did not fulfil these criteria were classified 
as unaffected relative. Of note, all subgroups (ie, FCHL 
patients, their unaffected relatives, and spouses) were 
present in up to three consecutive generations.

Between 2002 and 2005, a subset of the initial, overall 
cohort (n=275) was re- invited for more detailed pheno-
typing, including blood withdrawal and ultrasound of 
the subcutaneous and visceral fat compartments, the 
liver, and the carotid arteries,5 15 further referred to as 
the ‘ultrasound subcohort’. Participants received similar 
instructions as for the baseline visit before attending the 
research ward, with the only exception that they were 
now asked to abstain from alcohol 3 weeks prior to the 
visit.5

Between 2014 and 2016, all participants of the initial, 
overall cohort were re- invited to undergo a basic set of 
measurements, including anthropometrics, blood pres-
sure and blood withdrawal. Participants were invited in 
the same order as in the baseline visit to limit differences 
in follow- up duration between participants as much as 
possible. All participants were asked to fill in a health 
questionnaire. Those who were not able or willing to visit 

the research ward were asked to complete the question-
naire only.

Measurements
Measurement of height, weight, waist circumference, 
blood pressure, whole blood glucose, plasma insulin, 
lipids, and alanine aminotransferase (ALT) levels at 
baseline were similar in the overall cohort and the ultra-
sound subcohort and have been described in detail else-
where.16 17 Plasma gamma glutamyl transferase (GGT) 
levels were measured at baseline in the overall cohort by 
an enzymatic reaction using a Cobas 8000 (Roche). The 
Friedewald formula was used to calculate LDL choles-
terol.18 The homeostasis model assessment insulin resis-
tance (HOMA2- IR) was calculated using the calculator 
developed by Levy et al.19 The fatty liver index (FLI) was 
calculated from body mass index (BMI), waist circumfer-
ence, and serum GGT and triglycerides levels. A FLI≥60 
is indicative of fatty liver.20

At follow- up, glucose levels were measured in (NaFl) 
plasma on a Cobas 8000 (Roche).

ultrasound measurements
In the ultrasound subcohort, all individuals addition-
ally underwent ultrasound of the abdomen to quantify 
subcutaneous (SAT- US) and visceral adipose tissue (VAT- 
US) compartments, and to assess the presence of fatty 
liver (ATL 9 HDI US system, Bothell, Washington, DC, 
USA).5 SAT- US and VAT- US were determined at the end- 
expiratory stage of normal respiration at the level at 
which waist circumference was determined. SAT- US was 
defined as the depth from skin to abdominal muscles (ie, 
linea alba) and VAT- US as the distance from the perito-
neum to the anterior of the vertebrate body.5 21 VAT- US 
strongly correlates with VAT determined by computed 
tomography.20 Standardized images of the liver and right 
kidney were recorded and examined by an independent 
radiologist. Fatty liver was diagnosed in the presence 
of increased echogenicity, posterior beam attenuation, 
and/or decreased visualization of hepatic blood vessels.5

Assessment of incident T2d
Since not all participants visited the research ward at 
the follow- up visit, the diagnosis of T2D was determined 
by questionnaires in all participants. Clinical T2D cases 
and year of diagnosis were subsequently confirmed by 
review of the medical records and used as the primary 
outcome measure of this study. The incidence of T2D was 
subsequently expressed as the incidence rate (per 1000 
person- years).

Newly diagnosed T2D was defined as fasting plasma 
glucose levels≥7.0 mmol/L in those who did visit the 
research ward at follow- up.

statistical analysis
Data are presented as mean±SD, or as median with 
IQR in case of non- normal distribution. Age- adjusted 
and sex- adjusted differences in baseline characteristics 
between FCHL patients and unaffected relatives (as 
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Figure 1 Flow chart of overall FCHL cohort that was invited for 15- year follow- up study (panel A) and a subcohort that 
underwent baseline ultrasound measurements (panel B). See the Methods section for more details. FCHL, familial combined 
hyperlipidemia; T2D, type 2 diabetes.

dummy variables) versus spouses were analysed with 
linear and logistic regression for continuous and dichot-
omous variables, respectively. Skewed variables (ie, serum 
triglycerides and ALT, HOMA2- IR, and alcohol intake) 
were log transformed prior to analyses.

Cox’s proportional hazard models were used to calcu-
late the HR and 95% CI for incident T2D in FCHL 
patients and their unaffected relatives, entered as dummy 
variables. The spouses were used as a reference group. 
Follow- up time was defined as time from baseline visit (ie, 
either the 1998–2005 visit for the overall cohort or the 
2002–2005 visit for the ultrasound subcohort) until clin-
ical T2D diagnosis or time from baseline until the present 
follow- up for censored cases. In the overall cohort, age, 
sex, alcohol intake at baseline, baseline waist circumfer-
ence (or alternatively BMI), baseline HOMA2- IR, and 
baseline FLI were additionally entered in the model. A 
sensitivity analysis was conducted in which clinically diag-
nosed T2D and newly diagnosed T2D were combined as 
an outcome measure.

In the ultrasound subcohort, a similar model was 
constructed in which waist circumference was replaced 
by SAT- US and VAT- US, and FLI by fatty liver assessed by 
ultrasound. Since all individuals in this cohort had been 
instructed to abstain from alcohol 3 weeks prior to the 
measurements, alcohol intake was not added as a poten-
tial confounder to this model.

All analyses were performed using SPSS V.25.0.

ResulTs
study population
Of the 596 individuals in the overall cohort, follow- up 
was acquired for 452 (76%) (figure 1A). The median 
follow- up duration was 15 years (IQR: 14–16 years). Indi-
viduals who refused participation (n=60), were lost to 
follow- up (n=30), or died during follow- up (n=54) were 
significantly older and more (abdominally) obese, had 
higher systolic blood pressure and glucose levels, and 
more frequently used antihypertensive drugs at baseline 
when compared with those who were included in the 

follow- up evaluation (table 1). Importantly, the propor-
tion of spouses, unaffected relatives, and FCHL patients 
did not differ between both groups (table 1).

Thirteen participants were subsequently excluded 
because of the presence of T2D at baseline. Of the 
remaining 439 participants, 313 visited the research ward 
(which included completion of the questionnaire) and 
126 completed the questionnaire only (figure 1A).

Of the 275 participants who underwent baseline ultra-
sound measurements between 2002 and 2005 (ultra-
sound subcohort), follow- up was acquired for 220 (80%). 
The median follow- up duration was 11 years (IQR: 11–12 
years). Eight participants were excluded because of pres-
ence of T2D at baseline (figure 1B).

Baseline characteristics of the overall cohort and ultrasound 
subcohort
Baseline characteristics of FCHL patients (n=84), unaf-
fected relatives (n=245) and their spouses (n=110) are 
presented in table 2. FCHL patients were characterized by 
a higher BMI, waist circumference, systolic and diastolic 
blood pressure, (off- treatment) plasma lipids (except for 
high- density lipoprotein (HDL) cholesterol, which was 
lower), whole blood glucose levels, and HOMA2- IR when 
compared with spouses. Furthermore, plasma ALT levels 
and the prevalence of fatty liver (ie, FLI ≥60) were signifi-
cantly higher in FCHL patients than in spouses, at a back-
ground of a similar alcohol intake (table 2). Unaffected 
relatives were significantly younger than spouses. After 
age- adjustment and sex- adjustment, only the frequency 
of use of lipid- modifying drugs was higher in unaffected 
relatives (table 2).

In the ultrasound subcohort, FCHL patients (n=42) 
displayed similar differences as in the overall cohort when 
compared with spouses (n=59) (table 2). In addition, 
SAT- US and VAT- US were both higher in FCHL patients. 
The prevalence of fatty liver (assessed by ultrasound) 
was also higher in FCHL patients in this subcohort. VAT- 
US, systolic blood pressure, and plasma triglycerides 
were significantly higher in unaffected relatives (n=111) 
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Table 1 Comparison of baseline characteristics between participants included in this follow- up study and those who refused, 
were lost to follow- up, or deceased

Follow- up
Refused/lost to follow- up/
deceased

Male/female, n 203/249 72/72

Spouse/unaffected relative/FCHL, n (%) 113/244/95 (25/54/21) 40/77/27 (28/53/19)

Age, years 43±13 51±17*

Smoking, n (%) 136 (30) 42 (29)

BMI, kg/m² 25.7±4.0 26.5±4.6*

Waist circumference, cm 91.0±12.2 94.7±13.8*

Total cholesterol, mmol/L 5.6±1.3 5.8±1.4

HDL cholesterol, mmol/L 1.0±0.2 1.0±0.3

LDL cholesterol, mmol/L 3.9±1.2 4.1±1.3

Triglycerides, mmol/L 1.3 (0.9–1.9) 1.4 (1.0–2.0)

Apolipoprotein B, g/L 1.1±0.3 1.1±0.3

Lipid lowering medication, n (%) 71 (16) 30 (22)

Systolic BP, mm Hg 132±19 140±25*

Diastolic BP, mm Hg 84±11 86±13

Anti- hypertensive medication, n (%) 53 (12) 39 (27)*

Glucose, mmol/L 4.9 (4.6–5.3) 5.1 (4.7–5.5)*

Data are expressed as mean ± SD or as medians with IQR between parentheses.
*P<0.05, analysed with a Student’s T- test, Mann- Whitney U test, and χ2 test in case of normally distributed, non- normally distributed, and 
dichotomous variables, respectively.
BMI, body mass index; BP, blood pressure; FCHL, familial combined hyperlipidemia; HDL, high- density lipoprotein; LDL, low- density 
lipoprotein.

compared with spouses after adjustment for age and sex. 
The prevalence of fatty liver (assessed by ultrasound) was 
also significantly higher (table 2).

Of interest, the proportion of individuals with fatty 
liver was comparable between the overall cohort and the 
ultrasound subcohort, despite the use of two different 
methods (FLI≥60 vs ultrasound): 22% versus 17% in 
spouses, 21% versus 29% in unaffected relatives, and 
61% versus 52% in FCHL patients in the overall cohort 
and ultrasound subcohort, respectively (table 2).

Incidence of clinical T2d
After 15 years of follow- up, T2D was reported (and 
confirmed by medical records) in 21 of 84 FCHL patients 
(25.0%; incidence rate: 19.2 per 1000 person- years), 10 
of 245 unaffected relatives (4.1%; incidence rate: 2.8 per 
1000 person- years), and 5 of 110 spouses (4.5%; incidence 
rate: 3.1 per 1000 person- years) (online supplementary 
table 1). The risk to develop T2D was statistically signifi-
cantly higher in FCHL patients when compared with 
their spouses, who were used as reference group (HR: 
6.3, 95% CI: 2.4 to 16.8), but not in unaffected relatives 
versus spouses (HR: 0.9, 95% CI: 0.3 to 2.6) (figure 2). 
Three individuals (two FCHL patients and one unaf-
fected relative) who visited the research ward at follow- up 
were newly diagnosed with T2D, defined as fasting plasma 
glucose levels≥7.0 mmol/L at the follow- up visit (online 
supplementary table 1).

Adjustment for potential confounders (age, sex, and 
alcohol intake) did not affect the outcomes (table 3, 
models 2–3). To examine which factors explained the high 
incidence of clinical T2D in FCHL, waist circumference, 
HOMA2- IR and FLI≥60 (all assessed at baseline) were 
subsequently entered in the regression model (table 3, 
models 2, 4–6). In the final model, the difference in the 
incidence of T2D between FCHL patients and spouses 
was diminished by 48% and no longer statistically signifi-
cant (HR: 3.0, 95% CI: 0.8-11.2; table 3, model 6). In this 
model, a higher HOMA2- IR at baseline and the presence 
of fatty liver (ie FLI ≥ 60) at baseline were independently 
associated with incident T2D (exponential beta: 1.7, 95% 
CI: 1.3-2.2 for HOMA2- IR and HR: 6.5, 95%CI: 1.7-25.4 
for FLI ≥ 60). Replacement of waist circumference by BMI 
did not affect the outcomes (data not shown). Addition 
of use of lipid- modifying drugs at baseline to the model 
further attenuated the difference between FCHL patients 
and spouses (HR: 1.7, 95%CI: 0.4-7.2), without affecting 
the associations of HOMA2- IR and FLI ≥ 60 with incident 
T2D (data not shown). Baseline use of lipid- modifying 
drugs was significantly associated with incident T2D (HR: 
3.6, 95%CI: 1.4-8.5). Of note, repeat analysis of the crude 
model in only those individuals who did not receive lipid- 
modifying drugs at baseline showed that these FCHL 
patients are also at increased risk to develop T2D (HR: 
5.1; 95% CI: 1.5-17.2).

https://dx.doi.org/10.1136/bmjdrc-2019-001107
https://dx.doi.org/10.1136/bmjdrc-2019-001107
https://dx.doi.org/10.1136/bmjdrc-2019-001107
https://dx.doi.org/10.1136/bmjdrc-2019-001107
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Table 2 Baseline characteristics of overall and ultrasound cohort

Overall cohort (n=439)
(15- year follow- up)

Ultrasound subcohort (n=212)
(11- year follow- up)

Spouses
Unaffected 
relatives FCHL patients Spouses

Unaffected 
relatives FCHL patients

Male/female, n 51/59 98/147 44/40 29/30 62/49 26/16

Age, years 46±13 39±13* 48±13 48±11 41±14* 53±13

BMI, kg/m2 25.2±3.6 25.0±3.9 27.8±3.9† 25.4±4.1 25.7±4.3 27.8±3.8†

Waist, cm 90±11 88±12 98±11† 91.1±13.0 90.5±11.7 98.9±8.7†

SAT- US, cm – – – 2.5±1.1 2.5±1.2 3.1±1.0†

VAT- US, cm – – – 7.6±2.4 7.4±2.4† 9.0±2.1†

Systolic BP, mm Hg 131±19 129±18 138±20† 127±18 131±17† 140±16†

Diastolic BP, mm Hg 83±11 83±11 88±10† 83±11 84±10 89±9†

Total cholesterol, 
mmol/L

5.3±1.0 5.2±1.1 6.9±1.1† 5.4±0.9 5.4±1.7 6.9±1.1†

HDL cholesterol, 
mmol/L

1.1±0.2 1.0±0.2 0.9±0.2† 1.1±0.3 1.0±0.3† 0.9±0.2†

LDL cholesterol, mmol/L 3.7±1.0 3.6±1.1 4.8±1.1† 3.7±0.9 3.6±1.2 5.0±1.1†

Triglycerides, mmol/L 1.0 (0.8–1.5) 1.1 (0.9–1.4) 2.3 (1.8–2.8)† 1.2 (0.8–1.7) 1.1 (0.9–1.6)† 2.0 (1.8–2.9)†

Apolipoprotein B, g/L 1.0±0.2 1.0±0.2 1.5±0.3† 1.0±0.3 1.0±0.3 1.4±0.2†

Lipid- modifying drug, 
n (%)

3 (3) 21 (9)† 38 (45)† 2 (3) 17 (15)† 19 (46)†

Glucose, mmol/L 4.9±0.5 4.8±0.5 5.3±0.7† 4.9±0.5 4.9±0.5 5.3±0.6†

HOMA2- IR 0.5 (0.3–0.9) 0.6 (0.5–0.9) 1.0 (0.7–1.6)† 0.7 (0.3–1.2) 0.8 (0.3–1.2) 1.3 (0.9–1.9)†

Alcohol intake, U/week 4.0 (0.5–10.0) 3.8 (0.5–10.0) 5.0 (0.5–10.0) 6.0 (0–12.0) 8.0 (1.0–14.0) 4.0 (0.4–14.0)

ALT, U/L 17 (12–23) 17 (12–23) 25 (18–35)† 17 (13–23) 17 (13–24) 22 (19–29)†

Fatty liver‡, n (%) 24 (22) 50 (21) 51 (61)† 10 (17) 32 (29)† 22 (52)†

Data are presented as absolute numbers, mean±SD, or median (IQR).
*P<0.05 versus spouses, analysed with a Student’s T- test.
†P<0.05 versus spouses, analysed with linear regression with adjustment for age and sex.
‡Determined by the fatty liver index ≥60 (overall cohort) or ultrasound (ultrasound subcohort).
ALT, alanine aminotransferase; BMI, body mass index; BP, blood pressure; FCHL, familial combined hyperlipidemia; HDL, high- density 
lipoprotein; HOMA2- IR, homeostasis model assessment insulin resistance; LDL, low- density lipoprotein; SAT- US, subcutaneous adipose 
tissue determined by ultrasound; VAT- US, visceral adipose tissue determined by ultrasound.

Finally, in a sensitivity analysis in which clinically diag-
nosed and newly diagnosed T2D cases were combined as 
an outcome measure, similar outcomes were observed 
(online supplementary table 2).

In the ultrasound subcohort, the 11- year incidence 
was also higher in FCHL patients than in spouses (HR: 
8.2, 95% CI: 1.0 to 69.4), but not in unaffected relatives 
compared with spouses (HR: 3.7, 95% CI: 0.4 to 30.9). 
Adjustment for potential confounders (age, sex) and 
mediators (SAT- US, VAT- US, HOMA- IR, and fatty liver 
determined by ultrasound) attenuated the association 
of the FCHL affected state with incident T2D (HR: 4.0, 
95% CI: 0.5 to 35.9; table 3, models 2–5). Again, a higher 
HOMA2- IR at baseline and the presence of fatty liver 
(assessed by ultrasound) at baseline explained the high 
incidence in FCHL patients (exponential beta: 3.0, 95% 
CI: 1.1 to 7.8 for HOMA2- IR and HR: 6.9, 95% CI: 1.1 to 
42.2 for fatty liver determined by ultrasound).

Combination of clinically diagnosed and newly diag-
nosed T2D yielded very similar outcomes (online supple-
mentary table 2).

dIsCussIOn
To date, contrasting results have been reported on 
whether FCHL patients are prone to develop T2D in 
comparison to controls.12 13 The present study shows that 
one out of four FCHL patients developed T2D after 15 
years of follow- up. The six times higher risk to develop 
T2D compared with their spouses was explained by insulin 
resistance and fatty liver at baseline. Similar results were 
obtained in the ultrasound subcohort, in which the pres-
ence of fatty liver and the subcutaneous and visceral fat 
compartments were assessed by ultrasound.

Our results are in line with a recent meta- analysis that 
showed that fatty liver is a risk factor for future T2D.7 In 

https://dx.doi.org/10.1136/bmjdrc-2019-001107
https://dx.doi.org/10.1136/bmjdrc-2019-001107
https://dx.doi.org/10.1136/bmjdrc-2019-001107
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Figure 2 Cumulative incidence of type 2 diabetes (T2D) in 
patients with familial combined hyperlipidemia (FCHL), their 
unaffected relatives and spouses. Data are presented as 
HR with 95% CI, calculated with Cox's proportional hazard 
regression models.

Table 3 Cox’s proportional hazard regression models of incident type 2 diabetes in overall cohort and ultrasound subcohort

Model, adjusted for

Unaffected relatives versus spouses FCHL patients versus spouses

HR 95% CI P value HR 95% CI P value

Overall cohort

  Crude 0.9 0.3 to 2.6 0.89 6.3 2.4 to 16.8 <0.001

  Age+sex 1.1 0.4 to 3.2 0.89 6.1 2.3 to 16.2 <0.001

  Model 2+alcohol 1.4 0.4 to 4.7 0.56 6.3 2.1 to 19.2 0.001

  Model 3+waist 1.4 0.4 to 4.8 0.56 4.7 1.5 to 14.6 0.007

  Model 4+HOMA2- IR 2.2 0.6 to 8.5 0.24 3.9 1.0 to 14.7 0.04

  Model 5+FLI ≥ 60 2.0 0.5 to 7.5 0.32 3.0 0.8 to 11.2 0.11

Ultrasound subcohort

  Crude 3.7 0.4 to 30.9 0.23 8.2 1.0 to 69.4 0.05

  Age+sex 3.3 0.4 to 27.8 0.27 7.3 0.9 to 63.1 0.07

  Model 2+VAT US+SAT- US 2.6 0.3 to 22.6 0.38 4.8 0.5 to 42.7 0.16

  Model 3+HOMA2- IR 2.7 0.3 to 24.1 0.37 4.6 0.2 to 39.8 0.17

  Model 4+fatty liver* 2.1 0.2 to 19.3 0.51 4.0 0.5 to 35.9 0.21

*Determined by ultrasound.
FLI, fatty liver index; HOMA2- IR, homeostasis model assessment insulin resistance; SAT- US, subcutaneous adipose tissue determined by 
ultrasound; VAT- US, visceral adipose tissue determined by ultrasound.

contrast to previous studies,22 23 we did not observe an 
association between abdominal obesity and incident 
T2D. Visceral obesity is a strong determinant of hepatic 
fat accumulation,24 which also explains why it is incorpo-
rated (as waist circumference) in the FLI algorithm.20 We 
do, however, not believe that inclusion of waist circum-
ference in the FLI formula explains the absent associa-
tion between abdominal obesity and future T2D in this 
cohort, since similar outcomes were obtained when fatty 
liver was assessed by ultrasound and waist circumference 
was replaced by SAT- US and VAT- US in the ultrasound 
cohort.

In the present study, use of lipid- modifying drugs at 
baseline was associated with incident T2D. Previous 
studies have convincingly shown that statins increase 
T2D risk, although with a high number needed to 
harm (≈ 200).25 It is therefore unlikely that statin use is 
a major determinant of the onset T2D in this relatively 
small cohort of FCHL patients. Indeed, repeat analysis 
including only those FCHL patients who did not receive 
lipid- modifying treatment showed a similar increased 
risk of incident T2D (although some of these individuals 
have received treatment in the follow- up period14). Alto-
gether it is more likely that the contribution of baseline 
use of lipid- modifying drugs to incident T2D is at least 
in part explained by collinearity with the FCHL affected 
state, since use of lipid- modifying drugs was particularly 
confined to FCHL patients (table 2).

This study corroborates the suggestion that the liver 
plays a central role in the pathogenesis of cardiometa-
bolic complications in FCHL.26 Stable isotope studies 
have shown that HOMA- IR is associated with hepatic 
insulin resistance (r=0.59),27 which in turn is associated 
with intrahepatic triglycerides (r=0.60).28 We and others 
have shown that HOMA2- IR and fatty liver are determi-
nants of the lipid phenotype expression (in particular 
the hypertriglyceridemic phenotype) in FCHL.5 16 29 The 
current study shows that HOMA2- IR and fatty liver are 
also determinants of incident T2D in FCHL. Our find-
ings also support to perform periodical screening for 
incident T2D in this high- risk population, in agreement 
with current guidelines.30

This study has several strengths and limitations. Its 
main strength is that this is one of the largest FCHL 
cohorts with long- term follow- up on clinically relevant 
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endpoints. Moreover, for a substantial subcohort we have 
not only a surrogate marker, but also ultrasound data on 
the presence of fatty liver. One main limitation is that 
the group of spouses, used as a reference in this study, 
and the absolute numbers of incident T2D cases were 
relatively small resulting in limited statistical power and 
wide CIs. Second, we used a FLI≥60 as a surrogate of fatty 
liver in the overall cohort, which has a high positive like-
lihood ratio to rule in fatty liver.20 As hitherto mentioned, 
the inclusion of BMI, waist circumference, and plasma 
triglycerides in the FLI algorithm complicates the assess-
ment of other baseline factors associated with incident 
T2D in this cohort, in particular abdominal obesity and 
the FCHL affected state (which includes elevated plasma 
triglycerides). These limitations have been overcome by 
the use of ultrasound as an alternative measure of fatty 
liver in a subset of the overall cohort, which yielded 
strikingly similar outcomes. Ultrasound has good test 
characteristics to diagnose moderate and severe hepatic 
fat accumulation.31 Third, since we realized that not all 
participants would visit our research facility during the 
follow- up visit, we decided to use the self- reported, clin-
ical diagnosis of T2D as a primary outcome measure in all 
participants, which may be subjective to several sources 
of bias. Although we confirmed all T2D diagnoses by 
checking the medical records, there still could be recall 
bias. Furthermore, it is conceivable that FCHL patients, 
but not unaffected relatives and spouses, have received 
periodical checks of serum glucose levels as a part of 
their cardiovascular risk surveillance, which would 
increase the likelihood of a T2D diagnosis in this specific 
group (detection bias). We do, however, not believe that 
both sources of bias have had a major influence on the 
outcomes of the current study, since we detected only 
three newly- diagnosed T2D (of which two in FCHL 
patients) in those individuals who visited the research 
ward at follow- up. Detection bias should have resulted in 
a ‘catch- up’ of newly- diagnosed T2D in those who did not 
receive periodical screening, that is, non- affect relatives 
and spouses. This was clearly not the case.

In conclusion, the present longitudinal study shows 
that FCHL patients have a high risk to develop future 
T2D, which is explained by insulin resistance and 
fatty liver at baseline. This study further corroborates 
the suggestion that the liver plays a central role in 
the pathogenesis of cardiometabolic complications in 
FCHL and supports periodical screening for T2D in 
this high- risk population.
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