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OBJECTIVE

Several studies have explored the impact of nonalcoholic fatty liver disease (NAFLD)

on risk of incident type 2 diabetes. However, the extent to which NAFLDmay confer

risk of incident diabetes remains uncertain. We performed a meta-analysis of rele-

vant studies to quantify themagnitude of the association betweenNAFLD and risk of

incident diabetes.

RESEARCH DESIGN AND METHODS

We collected data using PubMed, Scopus, and Web of Science from January 2000 to

July 2017. We included only large (n ‡500) observational studies with a follow-up

duration of at least 1 year in which NAFLD was diagnosed on imaging methods.

Eligible studies were selected according to predefined keywords and clinical out-

comes. Data fromselected studieswere extracted, andmeta-analysiswas performed

using random-effects modeling.

RESULTS

A total of 19 observational studies with 296,439 individuals (30.1% with NAFLD) and

nearly 16,000 cases of incidentdiabetes over amedianof 5 yearswere included in the

final analysis. Patients with NAFLD had a greater risk of incident diabetes than those

without NAFLD (random-effects hazard ratio [HR] 2.22, 95% CI 1.84–2.60; I
2
= 79.2%).

Patients with more “severe” NAFLD were also more likely to develop incident di-

abetes; this risk increased across the ultrasonographic scores of steatosis (n = 3 stud-

ies), but it appeared to be even greater among NAFLD patients with advanced high

NAFLD fibrosis score (n = 1 study; random-effects HR 4.74, 95% CI 3.54–5.94). Sen-

sitivity analyses did not alter these findings. Funnel plot and Egger test did not reveal

significant publication bias. Study limitations included high heterogeneity, varying

degrees of confounder adjustment across individual studies, and lack of studies using

liver biopsy.

CONCLUSIONS

NAFLD is significantly associated with a twofold increased risk of incident diabetes.

However, the observational design of the eligible studies does not allow for proving

causality.

Nonalcoholic fatty liver disease (NAFLD) has become themost common liver disease in

high-income countries (affecting up to one-third of adults in Europe and the U.S.), and

its prevalence is expected to rise further in the near future (1,2).

NAFLD has been traditionally considered to be the simple “hepaticmanifestation” of

themetabolic syndrome (2,3).Moreover, it is alsowell known that patientswith type 2
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diabetes have a high prevalence of NAFLD

(up to 70–75%) and that these patients

are also at higher risk of developing non-

alcoholic steatohepatitis (NASH) and

have a twofold to fourfold higher risk of

developing serious liver-related complica-

tions (cirrhosis, liver failure, and hepato-

cellular carcinoma) (4–6).

However, it is now becoming increas-

ingly clear that the link between NAFLD

and type 2 diabetes is more complex than

previously believed (7–9). NAFLD and

type 2 diabetes sharemultiple cardiomet-

abolic risk factors and pathophysiological

(proinflammatory and profibrotic) path-

ways. In addition, increasing epidemio-

logical evidence suggests that there is a

bidirectional relationship betweenNAFLD

and type 2 diabetes and that NAFLD may

precede and/or promote thedevelopment

of type 2 diabetes (3,4,7–9).

To our knowledge, there are only two

previously published meta-analyses that

have shown thatNAFLD is associatedwith

an increased risk of incident diabetes

(10,11). However, both of these meta-

analyses (published in 2011 and 2016, re-

spectively) also included a large number

of observational studies in which the di-

agnosis of NAFLD was based on abnormal

serum liver enzyme levels, which are

thought to be only surrogate markers of

NAFLD (12). Currently, there is intense de-

bate about the prognostic role of NAFLD

per se on the long-term risk of incident

diabetes. As will be discussed in detail

below, over the past year, numerous large

observational studies have been published

inwhich the diagnosis of NAFLDwas based

on ultrasonography or computed tomo-

graphy, which are the most widely used

noninvasive methodologies to diagnose

NAFLD in clinical practice (1–3,12).

We herein report the results of a com-

prehensive systematic review and meta-

analysis of observational cohort studies

that has investigated the association be-

tween NAFLD (as detected by ultrasonog-

raphy or other imaging methods) and the

risk of incident diabetes. Our aim was to

gauge precisely the nature and magnitude

of the association betweenNAFLD and risk

of incident diabetes. We have also investi-

gated whether the severity of NAFLD (in

studies using either ultrasonographic scor-

ing systems or noninvasive fibrosismarkers)

is associated with an even greater risk of

incident diabetes. Clarification of themagni-

tude of risk of incident diabetes associated

with the different stages of liver disease

within the spectrum of NAFLD may have

relevant clinical implications for the diag-

nosis, prevention, and treatment of type 2

diabetes.

RESEARCH DESIGN AND METHODS

Registration of Review Protocol

The protocol for this systematic review

was registered in advance with PROSPERO

(international prospective register of sys-

tematic reviews, no. CRD42017072305).

Data Sources and Searches

Studies were included if they were obser-

vational cohort studies that reported the

incidence rates of type 2 diabetes in adult

individuals (.18 years old)withNAFLD as

compared with those without NAFLD.

Study participants were of either sex with

no restrictions in terms of ethnicity and co-

morbidities.We includedonly large (n$500)

observational studies with a follow-up of

at least 1 year in which the diagnosis of

NAFLD was based on either imaging or

histology in the absence of competing

causes of hepatic steatosis. Based on

data from the eligible studies, “severe”

NAFLD was defined either by presence

of increasing ultrasonographic steatosis

scores or by high NAFLD fibrosis score

(NFS), which is a reliable noninvasive

marker of advanced NAFLD fibrosis (12).

In these eligible studies, the diagnosis of

incident diabetes was based on a self-

reported history of disease or use of hypo-

glycemic drugs, and in most cases, it was

also based on a fasting plasma glucose level

$7.0 mmol/L or an HbA1c level $6.5%

($48 mmol/mol).

Exclusion criteria of the meta-analysis

were as follows: 1) reviews, editorials, ab-

stracts, case reports, practice guidelines,

and cross-sectional studies; 2) studies that

used only serum liver enzyme levels, fatty

liver index, or other surrogate markers to

diagnose NAFLD; 3) studies with a sample

size of,500 individuals or with a follow-

up duration ,1 year; 4) studies con-

ducted in the pediatric population (,18

years old); and 5) studies that did not re-

port any hazard ratio (HR) and 95% CI for

the outcome of interest (incident diabetes).

Included and excluded studies were

collected following the Preferred Report-

ing Items for Systematic Reviews and

Meta-Analyses (PRISMA) flow diagram.

Additionally, because included studies

were observational in design, we followed

the Meta-analysis Of Observational Stud-

ies in Epidemiology (MOOSE) guidelines

for the meta-analysis of observational

studies.

Data Extraction and Quality

Assessment

Relevant studies were identified by sys-

tematically searching PubMed, Scopus,

and Web of Science from 1 January 1990

to 15 July 2017 (date last searched) us-

ing the free text terms “fatty liver” (OR

“NAFLD” OR “nonalcoholic fatty liver dis-

ease” OR “nonalcoholic steatohepatitis”)

AND “diabetes risk” OR “diabetes inci-

dence” OR “incident diabetes.” No lan-

guage restriction was applied. Reference

lists of relevant articles and previous re-

view articles were hand searched for

other relevant studies. Two investigators

(A.M. and G.T.) independently examined

all titles and abstracts and obtained full

texts of potentially relevant articles.Work-

ing independently and in duplicate, we

read the articles and determined whether

they met inclusion criteria. Discrepancies

were resolved by consensus, referring

back to the original article, in consultation

with a third author. For all studies, we ex-

tracted information on study design, study

size, source of data, population character-

istics, duration of follow-up, outcome of

interest, matching, and confounding fac-

tors. Additionally, in the case of multiple

publications, we included the most up-to-

date or comprehensive information.

Two authors (A.M. and G.T.) assessed

the risk of bias independently. Since all

the included studies were nonrandomized

and had a cohort design, the Newcastle-

Ottawa Scale (NOS) was used to judge

study quality, as recommended by the

Cochrane Collaboration (13). This scale

uses a star system (with a maximum of

nine stars) to evaluate a study in three do-

mains: selectionofparticipants, comparabil-

ity of study groups, and the ascertainment

of outcomes of interest. We judged studies

that received a score of nine stars to be at

low risk of bias, studies that scored seven or

eight stars to be at medium risk, and those

that scored six or less to be at high risk.

Data Synthesis and Analysis

The outcomemeasure of this meta-analysis

was the occurrence of incident diabetes

among individuals with NAFLD compared

with incidence of diabetes among those

withoutNAFLD.Whenpossible,wepooled

adjusted HRs (or odds ratios [ORs]), with

their 95% CIs. In the case of studies report-

ingHRswith varying degrees of adjustment,
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we always used the fully adjusted HR esti-

mate. Visual inspection of the forest plots

was used to investigate the possibility of

statistical heterogeneity. Statistical hetero-

geneity was assessed by the I2 statistic,

which provides an estimate of the per-

centage of variability across studies that

is due to heterogeneity rather than chance

alone. According toHiggins andThompson

(14), a rough guide to interpretation is as

follows: I2 values of;25% represent low

heterogeneity; ;50% represent medium

heterogeneity; and;75% represent high

heterogeneity.

The results of the eligible studies were

pooled, and an overall estimate of effect

size (ES) was calculated using a random-

effects model, as this methodology takes

into account any differences between

studies even if there is no statistically sig-

nificant heterogeneity (15). Publication

bias was evaluated using the funnel plot

and Egger regression test (16).

Given the expected heterogeneity of

the eligible studies, sensitivity analyses

were also carried out to relate the primary

outcome (i.e., incident diabetes) with the

individual study design characteristics. In

particular, based on data from the eligible

studies, the prognostic impact of NAFLD

on risk of incident diabetes was assessed

by stratifying the studies according to the

duration of follow-up, the study country,

the study design, the “severity” of NAFLD

(based on ultrasonographic scoring sys-

tems or the NFS), or whether the studies

had eight or nine stars on the NOS (i.e.,

the “high-quality” studies) and whether

the studies had full adjustment for covar-

iates (i.e., those studies adjusting at least

for age, sex, BMI [orwaist circumference],

family history of diabetes, fasting glucose

levels [or impaired fasting glycemia], lip-

ids, hypertension [or blood pressure val-

ues], smoking, and physical activity).

Additionally, we tested for possibly exces-

sive influence of individual studies using a

meta-analysis influence test that elimi-

nated each of the included studies at a

time. All statistical tests were two sided

and used a significance level of P, 0.05.

We used STATA 14.2 (StataCorp, College

Station, TX) for all statistical analyses.

RESULTS

Characteristics of Included Studies

Based on the titles and abstracts of 2,072

citations, we identified 36 potentially

relevant studies. Of these, we excluded

17 studies for the reasons specified in

the flow diagram (Supplementary Fig.

1). Thus, 19 unique observational cohort

studies were eligible for inclusion in the

meta-analysis and were assessed for

quality.

As summarized in Table 1, all the eligi-

ble studies had an observational retro-

spective or prospective design (17–35).

The eligible studies recruited participants

from approximately general populations

in which NAFLD was diagnosed by imag-

ing methods (mainly ultrasonography)

and incident diabetes was diagnosed by

biochemistry (fasting glucose levels or

HbA1c), clinical history, or drug treatment.

No studies with biopsy-proven NAFLD

were available for the analysis.

Overall, in the 19 observational cohort

studies included in the meta-analysis,

there were 296,439 adult individuals

(30.1% with NAFLD; n = 89,123) with

15,751 cases of incident diabetes over a

median follow-up period of 5 years (inter-

quartile range 4.6–9.1). Most of these

studies were carried out in Asia (China,

Taiwan, South Korea, Sri Lanka, and Ja-

pan); two community-based studies

were carried out in the U.S.Most of these

studies included middle-aged subjects

predominantly of male sex. Of the 19 in-

cluded studies, 10 studies received eight

stars at the NOS, 7 studies received six or

seven stars, and 2 studies received fewer

than six stars, indicating an overall me-

dium risk of bias (Supplementary Table 1).

NAFLD and Risk of Incident Diabetes

The distribution of studies by estimate of

the association betweenNAFLD and risk of

incident diabetes is plotted in Fig. 1. Six-

teen studies provided data suitable for

the pooled primary analysis (n = 214,805

with 10,356 cases of incident diabetes).

We excluded three studies from this pri-

mary analysis because the authors did not

provide any HR for incident diabetes

among individuals with NAFLD pooled to-

gether (21,24,32); these three studies

were used in a secondary analysis for ex-

amining the association between NAFLD

severity and diabetes risk (see below).

NAFLD was significantly associated with

an increased risk of incident diabetes

(random-effects HR 2.22, 95% CI 1.84–

2.60; I2 = 79.2%). Notably, since we al-

ways used the fully adjustedHR estimates

for each eligible study (as specified in Ta-

ble 1), this random-effects HR was inde-

pendent of a relatively large number of

common risk factors and potential con-

founders. As also shown in Fig. 1, when

the comparison was stratified by the

study country, the association of NAFLD

with risk of incident diabetes was signifi-

cant in all study countries, but it appeared

tobe stronger in Japan, China, and Taiwan

than in the U.S. and in other Asian coun-

tries (South Korea and Sri Lanka).

As shown in Fig. 2, when the compari-

son was stratified by the length of follow-

up period, the association of NAFLD with

the risk of incident diabetes appeared to

be stronger in those studies with more

than 5 years of follow-up (n = 16 studies;

random-effects HR 2.60, 95% CI 1.92–

3.29; I2 = 74.6%).

As shown in Supplementary Fig. 2,

when the comparison was stratified by

the studydesign, the associationbetween

NAFLD and the risk of incident diabetes

was consistent in prospective studies (n =

3 studies; random-effects HR 2.25, 95% CI

1.93–2.58; I
2
= 0%) and in retrospective

studies (n = 13 studies; random-effects

HR 2.26, 95% CI 1.80–2.72; I2 = 81.0%).

Limiting the analysis to “high-quality”

studies and to studies with adjustment

for multiple covariates provided overall

estimates consistent with the pooled

primary analysis (n = 10 studies; random-

effects HR 1.85, 95% CI 1.47–2.22; I2 =

68.3%). Finally, eliminating each of the

included studies from the analysis had

no effect on the overall risk of incident

diabetes (data not shown).

As shown in Supplementary Fig. 3, the

Egger regression test did not show statis-

tically significant asymmetry of the funnel

plot (P = 0.31), thus suggesting that pub-

lication bias was unlikely.

Severe NAFLD and Risk of Incident

Diabetes

Four cohort studies reported data on

patients with “severe”NAFLD, defined ei-

ther by ultrasonographic severity of

steatosis or by high NFS. The distribution

of studies by estimate of the association

between severe NAFLD and risk of inci-

dent diabetes is plotted in Fig. 3. Com-

pared with the non-NAFLD group, the

presence of more “severe” NAFLD was

significantly associated with an increased

risk of incident diabetes (n = 4 studies;

random-effects HR 2.63, 95% CI 1.57–

3.70; I2 = 82.4%). This risk increased

across the ultrasonographic scores of he-

patic steatosis (n = 3 studies; random-

effects HR 2.15, 95% CI 1.72–2.58;
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I2 = 0%), but it appeared to be even greater

among NAFLD patients with high NFS (n =

1 study; random-effects HR 4.74, 95% CI

3.54–5.94). However, only a single study

assessed NAFLD severity by using NFS, and

no studies involving non-Asian individuals

were available for this analysis, thus limit-

ing the generalizability of the finding.

CONCLUSIONS

Ourmeta-analysis provides evidence for a

significant association between imaging-

diagnosed NAFLD and the long-term risk

of incident diabetes. Indeed, this meta-

analysis involves a total of 19 unique ob-

servational studies with aggregate data

on 296,439 adult individuals (30.1% with

NAFLD) and nearly 16,000 cases of inci-

dent diabetes followed up over a median

period of 5 years.

We found that the presence of imaging-

diagnosed NAFLD conferred a HR of 2.2

for incident diabetes, a risk that appeared

to increase furtherwith greater “severity”

of NAFLD (assessed in four observational

studies using either the ultrasonographic

severity of steatosis or the NFS) and re-

mained statistically significant in those

studies where analysis was fully adjusted

for potentially confounding factors (n = 10

studies; random-effects HR 1.85, 95% CI

1.47–2.22; I2 = 68.3%). In addition, when

the analysis was stratified either by follow-

up duration or by study country, the asso-

ciation between NAFLD and diabetes risk

appeared to be stronger in studies with a

follow-up duration longer than 5 years and

in studies performed in Japanese and Chi-

nese populations compared with those

conducted in the U.S. and in other Asian

countries.

Unfortunately, most of the published

studies that used liver biopsies to diag-

nose NAFLD (i.e., the “gold standard”

method for diagnosing and staging

NAFLD) did not have a control group and

cannot, therefore, be included in this

meta-analysis. To date, however, very

little is known about how long-term

NAFLD or its histologic features may af-

fect risk of incident diabetes. A retro-

spective cohort study of 396 patients

with biopsy-confirmed NAFLD, who did

not have diabetes at baseline, reported

that a significantly higher proportion of

patients with fibrosis stages 3–4 devel-

oped incident diabetes than those with

fibrosis stages 0–2 (51% vs. 31%) over a

mean follow-up of 18.4 years (36). Inter-

estingly, for patients with fibrosis stages

0–2, fat score was also independently as-

sociated with incident diabetes (36). The

issue of whether the increased diabetes

risk is confined to patients with more se-

vere NAFLD or applies to all patients with

NAFLD is particularly relevant in view of

the disease burden that NAFLD repre-

sents and might impact on the health

care resources needed to survey and

manage these patients adequately. The

results of our meta-analysis (based exclu-

sively on studies using ultrasonographic

scoring systems or the NFS) suggest that

it is more advanced NAFLD that carries a

greater diabetes risk. This is also consis-

tent with the conclusion of another com-

prehensive meta-analysis supporting a

link between NAFLD severity and risk of

fatal and nonfatal cardiovascular events

(37). However, this question remains

largely unsolved, and further follow-up

studies in larger cohorts of both Asian

and non-Asian individuals with biopsy-

confirmed NAFLD (with an adequate

group of control individuals) are needed

in order to definitely establish whether

NAFLD severity differentially affects risk

of incident diabetes.

This is the largest and most updated

meta-analysis aimed at investigating the

prognostic role of imaging-diagnosed

NAFLD on the long-term risk of incident

diabetes. Collectively, our findings con-

firm and extend (with a sample size at

least three times larger) the results of

two previousmeta-analyses that incorpo-

rated studies using both abnormal serum

liver enzymes and imaging techniques

to diagnose NAFLD (10,11). In the first

meta-analysis, Musso et al. (10) in 2011

reported that ultrasound-diagnosed NAFLD

(only three studies included) was associ-

ated with an increased risk of incident di-

abetes (random-effects OR 3.51, 95% CI

2.28–5.41; I2 = 70%). In the second meta-

analysis, Ballestri et al. (11) confirmed

that NAFLD (defined by ultrasonography;

only nine studies included in total) sig-

nificantly increased the risk of incident

diabetesover a follow-upofnearly 5 years

(random-effects OR 1.86, 95% CI 1.76–

1.95; I2 = 86%).

Figure 1—Forest plot and pooled estimates of the effect of NAFLD on the risk of incident diabetes in

16 eligible studies, stratified by study country. ES, effect size.
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Notably, our meta-analysis is the first

to show that the association between

NAFLD and the risk of incident diabetes

is stronger in some ethnic groups (espe-

cially in Japanese individuals) and in stud-

ies with longer follow-up duration and

that the more “severe” forms of NAFLD

seem to be associated with an even

greater risk of developing diabetes. This

latter finding is also indirectly supported

by the results of the studyofMaet al. (33)

demonstrating that among the Framing-

ham Heart Study participants, baseline

hepatic fat content (per SD increase)

was independently associated with in-

creased odds of incident diabetes over

;6 years of follow-up.

There is now convincing evidence of

biological plausibility that NAFLD may

increase risk of incident type 2 diabetes

(3,4,7,8). Indeed, NAFLD, especially NASH

with varying levels of hepatic fibrosis,

exacerbates hepatic insulin resistance

and causes the release of multiple proin-

flammatory mediators and prodiabeto-

genic hepatokines (e.g., fetuin-A, fetuin-B,

fibroblast growth factor 21, retinol binding

protein 4, and selenoprotein P) that may

promote the development of diabetes

(38–40). Among the hepatokines, data

about fetuin-Aaction inmiceand inhumans

in particular supports a causative relation-

ship of NAFLD with incident diabetes

(38,41,42). However, whether improve-

ment or resolution of NAFLD could de-

crease risk of incident diabetes remains

uncertain. Some evidence suggests that

the risk of diabetes appears to diminish

over time following the resolution or

improvement of NAFLD (26,43). However,

as these two studies are not randomized

controlled trials of NAFLD management,

these results should be interpreted

cautiously.

Although our meta-analysis of obser-

vational studies provides support for

the existence of a significant association

between NAFLD and increased risk of

incident diabetes, it remains to be def-

initely proven that improving the liver

condition in NAFLD decreases risk of de-

veloping diabetes. It should also be

noted that there may be a dissociation

between NAFLD and insulin resistance

in humans carrying some genetic

variants, such as the patatin-like phos-

pholipase 3 gene (44). Experimental evi-

dence (mainly derived from animal

studies) also indicates that specific ma-

nipulation of liver fat is insufficient to af-

fect insulin sensitivity/glycemia (45–47).

In addition, it is known that there are

ethno-racial differences in liver fat content

(as well as in the amount of lipid accumu-

lated in skeletal muscle and abdominal

cavity) and risk of diabetes. For example,

compared with white individuals, obese

black individuals exhibit a lower preva-

lence of NAFLD but similar type 2 diabe-

tes prevalence (48–50). That said, our

data strongly emphasize that there is a

real need now to include outcomes such

as incident diabetes and changes in HbA1c
and insulin sensitivity in randomizedplacebo-

controlled trials focused on testing the

efficacy of novel therapies for liver dis-

ease in NAFLD. Improved understanding

of these features and precise phenotyp-

ing of NAFLD could help to improve strat-

ification of cardiometabolic risk. This

might also have important implications

for future strategies in the prevention

and treatment of type 2 diabetes and

other cardiometabolic diseases in clinical

practice (51,52).

Our meta-analysis has some important

limitations (strictly inherent to the na-

ture of the included studies) that should

bementioned.Althoughweuseda random-

effects model, the interpretation of the

results of this meta-analysis requires

some caution, given the (expected) high

heterogeneity (I2 .75%) observed in the

overall primary analysis. It is plausible to

assume that this high heterogeneity likely

reflects differences in the demographic

and ethno-racial characteristics of study

populations, in the length of follow-up, in

the design of the study, and in the sever-

ity of NAFLD. We systematically explored

and identified all these possible sources

of statistical heterogeneity using strati-

fied analyses and sensitivity analyses

(as detailed in the RESULTS section). Al-

though we found significant heterogene-

ity between studies when investigating

associations in the overall analysis, it is

noteworthy that there was very low het-

erogeneity between studies, as well as

stronger associations between NAFLD

and diabetes risk, when we restricted

the statistical analyses to studies with

only the more “severe” forms of NAFLD

on ultrasonography, studies with a pro-

spective design (compared with retro-

spective ones), or studies performed in

the U.S. population. However, we believe

that more detailed analyses of the causes

of heterogeneity will require collabora-

tive pooling of individual participant

data from large prospective studies as

these become available over time.

Figure 2—Forest plot and pooled estimates of the effect of NAFLD on the risk of incident diabetes in 16

eligible studies, stratifiedby lengthof follow-up (FU) (basedon themedian follow-upof theeligible studies).

ES, effect size.
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Another potential limitation of the

meta-analysis (strictly inherent to the

observational nature of the included

studies) is that information about the

temporal changes of some important var-

iables (e.g., medication use and lifestyle

changes) that may impact NAFLD and

incident diabetes is often missing and

that the varying degree of confounder

adjustment across the individual studies

hampered a systematic assessment of the

impact of known risk factors on the out-

come of interest. As shown in Table 1,

some studies reported incomplete adjust-

ments for established risk factors and

potential confounders (e.g., waist circum-

ference or insulin resistance); as such, it

was not possible to combine models in

studies that adjusted for the same set of

potential confounding factors. Another

limitation of the meta-analysis was that

none of the eligible studies used liver bi-

opsy for the diagnosis of NAFLD. Con-

versely, most of the eligible studies used

ultrasonography, which is the recom-

mended first-line imaging method for

detecting NAFLD in clinical practice and

enables a reliable and accurate detection

of mild-to-moderate hepatic steatosis

compared with liver histology. Further-

more, the results regarding the associ-

ation between the severity of NAFLD

and diabetes risk derived from very

few studies, and only a single study as-

sessed NAFLD severity by using the NFS.

Additionally, since the diagnosis of diabe-

tes was not always consistent among the

included studies, some inaccuracy in the

estimated incidence of diabetes and in

the identification of diabetes subtypes

may not be excluded (although the vast

majority of diabetes cases were likely to

be type 2). Despite the fact that both fast-

ing plasma glucose and HbA1c levels were

available for the majority of the eligible

studies, the diagnosis of diabetes was

based on HbA1c or fasting glucose mea-

surements, without further systematic

confirmation by a second determination

on a separate day; however, this is an in-

trinsic limitation of all large observational

studies, in which the confirmation of di-

abetes diagnosis, on at least two separate

occasions, has been never made. Finally,

in none of the published studies, except

for the studies by Shibata et al. (18) and

Ming et al. (27), was the diagnosis of di-

abetes based on 2-h postload plasma glu-

cose levels.

Notwithstanding these limitations, the

present meta-analysis has several impor-

tant strengths. As discussed previously,

this meta-analysis provides the most

comprehensive assessment to date on

the independent prognostic impact of

NAFLD on the long-term risk of incident

diabetes. These results, obtained by ana-

lyzing more than 15,000 new cases of in-

cident diabetes among nearly 300,000

individuals (incorporating data from

observational cohort studies that are

likely to be an accurate reflection of

NAFLD patients commonly seen in rou-

tine clinical practice), provide clear evi-

dence that diabetes risk of individuals

with NAFLD is significantly higher than

that of individuals without NAFLD

(with a high level of heterogeneity for

the pooled primary analysis and a medium-

low quality of the mainly retrospective

available studies). Moreover, it is impor-

tant to underline that we employed stan-

dardized risk estimates from all eligible

studies to allow a consistent combination

of estimates across studies. The large

number of incident cases of diabetes pro-

vided high statistical power to quantita-

tively assess the association between

NAFLD and diabetes risk. Finally, selective

reporting bias of studies was not a con-

cern in our analyses, as our comprehen-

sive search and contact with investigators

made it unlikely that any published report

was missed and visual inspection of plots

and formal tests demonstrated no statis-

tical evidence of publication bias.

Currently, there are no approved phar-

macological agents for the treatment of

NAFLD. Most interventions evaluated for

NAFLD treatment are those commonly

used for the treatment of type 2 diabetes

and exert a rather indirect effect on the

liver through improvements in both insu-

lin sensitivity and insulin action, decreases

in free fatty acid levels, and improvements

in glucose uptake (4,8,53). These pharma-

cological interventions have also been to

date the most effective treatments for

NAFLD, which is perhaps not surprising,

considering the high degree of interplay

between these two diseases.

In conclusion, this largest andmost com-

prehensive meta-analysis to date showed

that imaging-diagnosed NAFLD is associ-

ated with an approximate doubling of risk

of incident diabetes and that this risk seems

to be even greater in presence of more

“severe” liver disease (in the fewavailable

cohort studies using ultrasonographic

scoring systems or noninvasive fibrosis

markers). Because no studieswith biopsy-

proven NAFLD were available for the

analysis, the findings of thismeta-analysis

pave the way for future large, prospec-

tive, histologically based studies. It re-

mains uncertain whether NAFLD causally

increases diabetes risk or is a marker of

other shared risk factors. Further studies

are also needed in non-Asian populations,

as most of the published studies have

Figure 3—Forest plot and pooled estimates of the effect of the severity of NAFLD (defined by

ultrasonography [US] or high NFS) on the risk of incident diabetes in four eligible studies. ES, effect

size.

380 NAFLD and Risk of Incident Diabetes Diabetes Care Volume 41, February 2018

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://d

ia
b
e
te

s
jo

u
rn

a
ls

.o
rg

/c
a
re

/a
rtic

le
-p

d
f/4

1
/2

/3
7
2
/5

5
3
6
8
7
/d

c
1
7
1
9
0
2
.p

d
f b

y
 g

u
e
s
t o

n
 2

7
 A

u
g
u

s
t 2

0
2
2



been conducted in Asian populations,

where large populations undergo regular

health checkups, including liver ultraso-

nography. Finally, additional studies are

also required to establish whether adding

NAFLD (or the different components of

liver disease in NAFLD) to the currently

available algorithms will improve risk pre-

diction for diabetes. Despite the above-

mentioned caveats, current clinical guidelines

do recommend routine screening for diabe-

tes in patients with NAFLD (53), and there-

fore there is a need to clarify themagnitude

of risk of incident diabetes that is associ-

ated with the stages of liver disease in

NAFLD.
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