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Original article

Effect of blood glucose and body weight on image quality in 
brain [18F]FDG PET imaging
Otto M. Henriksena, Søren Holma, Lisbeth Marnerb and Ian Lawa 

Objectives The aims of the present study were to 
assess the influence of mild to moderate hyperglycaemia 
and body weight on brain 2-[18F]fluoro-2-deoxy-d-glucose 
([18F]FDG) PET, and to what extent a simple algorithm 
for maintaining count density may compensate for these 
effects.

Methods We prospectively included 63 patients 
undergoing routine brain [18F]FDG PET. Scan time 
and injected activity were adjusted in patients with 
hyperglycaemia or increased body weight. Measures of 
perceived image quality, image noise and image contrast 
were obtained in both standard scans and intervention 
scans.

Results Elevated blood glucose and increased body 
weight were associated with reduced count density and 
increased image noise that in turn were associated with 
lower scores of perceived image quality. The proposed 
simple algorithm effectively maintained the image noise 
level and improved perceived image quality across the full 
range of elevated blood glucose values and body weights, 
although the effect of intervention on perceived image 
quality was attenuated by lower image contrast in patients 
with moderate hyperglycaemia. In patients with increased 

body weight or blood glucose, the fraction of scans with 
poor image quality decreased from 9/29 to 2/29 (P = 0.04) 
and the fraction with good image quality increased from 
7/29 to 20/29 (P = 0.001) when applying the proposed 
algorithm.

Conclusions Increasing blood glucose and body 
weight are associated with increased image noise in 
standard imaging conditions. Improving count density 
by prolonging scan time and increasing injected activity 
significantly improves image quality in hyperglycaemic 
patients, although the image contrast remains reduced in 
patients with most pronounced hyperglycaemia. Nucl Med 
Commun 41: 1265–1274 Copyright © 2020 The Author(s). 
Published by Wolters Kluwer Health, Inc.
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Introduction
PET brain imaging using 2-[18F]fluoro-2-deoxy-d-glu-
cose ([18F]FDG) is an established functional neuroimag-
ing modality, for example, for epilepsy [1] and dementia 
imaging [2]. However, diagnostic accuracy is dependent 
on image quality which in turn depends on several factors 
including scanner performance, acquisition and recon-
struction protocols, patient preparation, head motion, and 
importantly on image noise that (other things being equal) 
is determined by the injected activity and scan duration.

Hyperglycaemia is well-known to influence image qual-
ity by reducing [18F]FDG brain uptake [3]. This is a 
result of both increased blood clearance of the tracer due 

to hyperinsulinaemia that increases uptake in muscle tis-
sues and liver, and increased competition at the glucose 
transporters due to elevated circulating levels of plasma 
glucose. Current guidelines from European Association 
of Nuclear Medicine and Society of Nuclear Medicine 
discourages [18F]FDG PET studies in patients present-
ing with blood glucose above 9 mmol/L (160 mg/dL) 
and 8–11 mmol/L (150–200 mg/dL), respectively, and 
recommend that studies are postponed and performed 
in normoglycaemic conditions [4,5]. However, doing so 
may be impractical, and in particular inconvenient for 
this fragile patient group and for caregivers, and does 
not ensure normoglycaemia at a new appointment. Great 
efforts are therefore usually made in order to complete 
the scan as scheduled. Delaying the examination a few 
hours allowing for blood glucose to drop may in some sit-
uations solve the problem, or lowering blood glucose in 
advance by administration of insulin has been suggested 
[6]. Unfortunately, insulin administration may increase 
the risk of hypoglycaemia and neither approach guaran-
tees improved image quality and may be cumbersome in 
a busy clinical practice [7]. A simple and robust approach 

www.nuclearmedicinecomm.com
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that ensures diagnostic image quality without delaying 
the exam is therefore warranted.

However, published studies directly investigating the 
influence of blood glucose on the diagnostic image 
quality of brain [18F]FDG PET scans are lacking, and 
 recommendations in current guidelines on when and 
how to perform [18F]FDG PET brain scans in patients 
presenting with hyperglycaemia appears to be based on 
clinical experiences. As opposed to whole-body oncol-
ogy [18F]FDG PET imaging, weight-adjusted [18F]FDG 
activity is currently not recommended for brain imaging 
in adults. However, in our clinical experience, high body 
weight may enhance the effect of plasma glucose on image 
quality. This experience is supported by a study analysing 
whole-body oncology scans reporting that the effect on 
cerebral SUV in [18F]FDG scans of increasing serum glu-
cose is larger in obese than non-obese patients [8].

The objective of the study was to investigate the influ-
ence of blood glucose and body weight on image quality. 
Perceived image quality is related to image noise. For 
a given object and reconstruction method, the image 
noise varies largely in inverse proportion to the (activity 
* acquisition time) product, assuming here that the count 
rate performance of the system is linear in the range 
applied and that acquisition time is short compared to the 
half-life of the nuclide (for 18F, t

½
 = 1.83 h) and the time 

constants of the kinetic behaviour of the tracer. Variation 

in brain and head size is considered to have only a minor 
influence. We therefore further aimed to devise and val-
idate a simple algorithm for maintaining the image noise 
level by adjusting activity and scan duration according to 
blood glucose and body weight.

Methods
The study was conducted in accordance with the 
Helsinki Declaration (revised 2008). Ethical approval 
for this study was waived by the ethics committee of the 
Capital Region of Denmark because the study was con-
sidered as a quality assurance project (ref. H-15007461). 
All patients gave written informed consent to participa-
tion and to use of data. On the basis of a retrospective 
analysis of patient studies (please refer to Supplement 
Data, supplement digital content 1, http://links.lww.com/
NMC/A176), a simple algorithm (Fig. 1) aiming to ensure 
adequate image count density in all patients was devised.

Adult patients (>18 years) referred to [18F]FDG PET 
brain scans were prospectively and consecutively included 
from December 2015 to April 2017. To avoid influence 
of scanner type on image quality, only patients scanned 
on one type of scanner (Siemens Biograph Truepoint, 
Siemens Healthcare, Erlangen, Germany) were eligible. 
Patients presenting with at least one image quality risk 
factor (diabetes, corticosteroid use, bodyweight >90 kg) 
or noncompliant to fasting (<6 h) were included in one of 
three groups as shown in Fig. 1.

Fig. 1

Study design overview.

http://links.lww.com/NMC/A176
http://links.lww.com/NMC/A176
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Inclusion continued until at least 50 patients in total and at 
least 10 patients in each of the three groups were included. 
Also, at least 25 patients referred to clinical [18F]FDG 
PET brain scan, but not presenting any image quality risk 
factors were included as control group for comparison.

Controls and group 1 underwent standard imaging with 
institution standard administered activity (200 MBq) and 
duration (10 min). In groups 2 and 3 scan duration was 
doubled (to 20 min) and in group 3 administered activ-
ity was additionally increased by 50% (to 300 MBq). 
Emission scans were reconstructed using 3D-OSEM (3 
iterations and 21 subsets) and applying a 3-mm Gaussian 
filter. A low-dose computed tomography (CT) (120 kV, 
30 mAs, 3 mm slice width) was obtained for attenuation 
correction. For groups 2 and 3, both the full duration emis-
sion scan referred to as ‘intervention scan’ (0–20 min) and 
reconstruction on a reduced dataset simulating image 
quality of a nonintervention standard scan referred to as 
‘simulated standard scan’ (group 2, 0–10 min and group 
3, 0–7 min), were performed using otherwise identical 
reconstruction parameters in order to mimic the result 
of standard imaging (10 min and 200 MBq). The shorter 
frame length of 0–7 min was used to account for the 50% 
higher administered activity in group 3.

A total of 78 patients gave informed consent to partici-
pate (26 controls and 52 patients in groups 1–3). Patients 
not scanned according to algorithm (n = 5), with incom-
plete or missing data (n = 8) and with scans with sus-
pected gross head motion (n = 2) were excluded from the 
analysis, leaving a total of 25 controls and 38 patients with 
risk factors (9 in group 1, 14 in group 2 and 15 in group 
3) available for the analysis. Two patients with refractory 
epilepsy (group 3 and control group, respectively) were 
referred for brain FDG scan as a part of the presurgical 
evaluation, while all remaining patients were referred 
for suspected dementia due to cognitive problems. In 
dementia patients, Mini-Mental State Examination 
(MMSE) test score was noted when available as a gross 
measure of disease severity.

Blood glucose
Prior to administration of the tracer, venous blood was 
drawn from the venous catheter used for tracer injection. 
The first 2 mL was drawn to rinse the catheter, and then 
a 1-mL sample was obtained for analysis. Blood glucose 
was measured using the Precision PCx point-of-care 
blood glucose analyzer (Abbott Diagnostics Division, 
MediSense, Bedford, Massachusetts, USA)

Image analysis
Each scan (or reconstruction) was anonymised and read 
blinded to all information by an experienced nuclear 
medicine physician. Images were displayed on a com-
puter screen using a clinical work station (Syngovia, 
Siemens Healthcare, Erlangen, Germany). For each scan 

image quality was assessed using both a 10-cm visual 
analogue scale (VAS, from 0 = worst possible to 10 = best 
possible) and also rated on five-step Likert scale (1 = very 
poor, 2 = poor, 3 = suboptimal, 4 = good and 5 = excellent). 
Examples of Likert scores and image quality are provided 
in Fig. 2 Likert scores ≤2 were considered to constitute 
image quality of nondiagnostic or substantially impaired 
diagnostic quality.

Image noise and the underlying ‘counts’ were estimated 
from a single axial slice at the level of basal ganglia 
(Fig. 3). Mean activity concentration (kilobecquerel per 
millilitre) in the image was multiplied by scan duration 
(seconds) to obtain a measure that we have denoted 
image count density (kcounts per millilitre). A simplified 
relative noise index was then calculated as

Noise %
kcounts/mL

= ×100
1

.

An analysis of patients with lowest (n = 10) and highest 
(n = 10) blood glucose values was performed to assess if 
the influence of hyperglycaemia differed between cortex 
and other structures. Regions of interest (ROIs) corre-
sponding to cortex, white matter, skull (including scalp) 
and cerebellum were manually drawn in the left hem-
isphere at the upper level of the basal ganglia avoiding 
areas with vascular lesions (Fig. 3), and activity concen-
tration ratios of cortex/white matter, cortex/skull and cor-
tex/cerebellum were calculated.

Statistics
Group differences of continuous parameters were investi-
gated by t-test or Mann–Whitney test where appropriate, 
and Wilcoxon paired sign rank test was applied to paired 
standard (or simulated standard) and intervention scans. 
Influence of body weight and blood glucose on VAS score 
and image noise was investigated by simple and multi-
ple linear regression models with blood glucose and body 
weight as explanatory variables. For Likert score, ordinal 
logistic regression was applied with the same explanatory 
variables. Fischer’s exact test was applied to 2 × 2 and 
2 × 5 contingency tables of Likert scores.

Results
Patient characteristics are presented in Table 1. The two 
intervention groups differed from the control group by 
higher blood glucose, body weight and BMI, but none of 
the groups differed with regard to age or MMSE, Fig. 2 
shows representative examples of image quality in stand-
ard and intervention scans.

In standard and simulated standard scans both VAS and 
Likert scores of image quality were lower and noise was 
higher in groups 2 and 3 compared to controls, whereas 
no significant differences were observed between group 
1 and control group (Table 2).
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Fig. 2

Examples of image quality. Upper row standard or simulated standard scans and lower row corresponding interventions scans from the same 
patients. Examples are shown in the colour scale (PET rainbow) used for readings. The figure is provided in grayscale in Supplementary Material. 
BG, blood glucose, BW, body weight.

Fig. 3

Region of interest analysis. Left panel: whole-brain ROI for estimation of image count density and noise. Average activity (kilobecquearel per 
 millilitre) was multiplied with acquisition time to obtain a measure of image count density. Center and right panel: ROIs (pink and green) for 
regional analysis. ROIs, regions of interest.
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VAS score was highly correlated with image count den-
sity and image noise (Fig. 4), with accelerated decrease 
in VAS score when count density fell below approxi-
mately 6 × 103 kcounts/mL. Regression models showed 
that image noise was positively associated with both 
body weight and blood glucose, whereas no associations 
of body weight with VAS and Likert score, neither in uni-
variate analysis nor when adjusted for blood glucose, were 
found (Table 3 and Fig. 5). Dichotomising body weight 
above (n = 4) or below 100 kg, a highly significant effect 
on VAS score [estimate −1.91 (95% CI, −3.32 to −0.50, 
P = 0.009)] and also borderline significant effect on Likert 
score [estimate −1.87 (95% CI, −3.84 to 0.11, P = 0.064)] 
were observed when adjusted for blood glucose.

Effect of intervention
Increasing activity and scan time improved image quality 
scores and also effectively maintained image noise across 
the full range of body weight and blood glucose values 
(Table 2 and Fig. 5).

Compared to simulated standard scan, all image quality 
parameters improved significantly in the intervention 

scans (Table 2). In the two intervention groups, noise in 
intervention scans was significantly lower compared to 
controls. VAS and Likert score in intervention scans in 
group 2 were not significantly different from controls but 
remained slightly lower in group 3.

In the regression models (including standard scans of 
control group and group 1, and either simulated stand-
ard or intervention scans of groups 2 and 3), the effects 
of blood glucose on VAS and Likert scores were attenu-
ated by intervention when compared to non-intervention 
scans but remained significant (Table  3). Limiting the 
analysis to control group, group 1 and intervention scan 
of group 2, no effect of blood glucose on VAS and Likert 
scores were found.

Comparing simulated standard scans and intervention 
scans in the intervention groups, the fraction of scans 
with poor image quality (Likert ≤2) decreased from 9/29 
to 2/29 (P = 0.04) and the fraction with good image quality 
(Likert ≥4) increased from 7/29 to 20/29 (P = 0.001) (see 
Table 2 for distribution of scores by group and scan type). 
Of the two patients with nondiagnostic image quality 

Table 1 Patient characteristics

Control group (n = 25) Group 1 (n = 9) Group 2 (n = 14) Group 3 (n = 15)

Mean ± SD Range Mean ± SD Range Mean ± SD Range Mean ± SD Range

Blood glucose (mmol/L) 5.7 ± 0.8 4.4–7.7 6.0 ± 0.5 5.2–6.7 7.3 ± 1.9a 4.3–9.8 10.6 ± 2.0a 7.5–13.6
Weight (kg) 64.8 ± 11.4 41.4–90 68.3 ± 15.5 45–90 82.4 ± 14.7a 64–110 83.7 ± 18.2a 50–112
BMI (kg/m2) 23.2 ± 2.3 17.2–26.6 24.0 ± 2.7 19.1–27.8 27.6 ± 4.2a 22.5–34.6 28.4 ± 6.3a 15.8–35.6
Age (years) 72.6 ± 10.1 51–85 69.8 ± 10.7 54–86 65.1 ± 16.2 24–80 73.5 ± 12.0 51–92
MMSE (n = 20/7/9/9)c 24.7 ± 5.3 13–30 22.4 ± 5.6 17–30 21.6 ± 6.1 9–29 23.6 ± 4.5 17–30
Diabetes, n (%)d 0  2 (22)  9 (64)  15 (100)  
Insulin use, n (%) 0  0  5 (36)  5 (33)  
Nonfasting, n (%) 0  6 (67)  2 (14)  2 (13)  
Administered activity (MBq) 199.2 ± 5.0 192–219 197.0 ± 4.9 191–205 198.2 ± 2.0 195–202 295.1 ± 6.5a 279–302
Delay (min)b 43.7 ± 5.3 36–60 45.0 ± 8.8 38–63 42.7 ± 5.5 32–53 47.1 ± 6.8 39–61

t-test vs. control group.
BMI, body mass index, MMSE, Mini-Mental State Examination.
aP < 0.001.
bTime from injection to start scan.
cMini-Mental State Examination score nonavailable in 18 patients. Numbers in parenthesis refer to number of patients with MMSE recorded in each of the groups. No 
significant group differences were found using Mann–Whitney test.
dReported by the patient.

Table 2 Image quality parameters

Control group  
standard scan (n = 25)

Group 1 standard  
scan (n = 9)

Group 2 simulated 
standard scan (n = 14)

Group 3 simulated 
standard scan (n = 15)

Group 2  
intervention scan

Group 3  
intervention scan

Mean ± SD Range Mean ± SD Range Mean ± SD Range Mean ± SD Range Mean ± SD Range Mean ± SD Range

Noise 1.20 ± 0.12 0.96–1.49 1.25 ± 0.12 1.11–1.48 1.45 ± 0.16a 1.17–1.71 1.63 ± 0.20a 1.29–2.12 1.03 ± 0.11a,c 0.83–1.21 0.96 ± 0.12a,c 0.76–1.26
VAS 7.5 ± 0.9 6.1–9.1 6.7 ± 1.1 f 4.8–8.5 5.5 ± 1.7a 1.9–7.9 3.5 ± 2.1a 0.2–7 7.2 ± 1.0 c 5.9–9.6 5.9 ± 2.0a,c 1.2–9.4
Likert score 4.2 ± 0.4 4–5 3.8 ± 0.7e 3–5 3.3 ± 0.9a 1–5 2.4 ± 1.0a 1–4 3.9 ± 0.5e,d 3–5 3.5 ± 0.99a,c 1–5
Likert 1/2/3/4/5 0/0/0/21/4 0/0/3/5/1b 1/0/8/4/1a 3/5/5/2/0a 0/0/3/10/1 1/1/4/8/1a

Mann–Whitney (continuous data) or Fischer’s exact (ordinal data) test vs. control group. 
VAS, visual analogue scale score.
aP < 0.01 vs. control group, 
bP < 0.05 vs. control group, 
Wilcoxon paired sign rank for intervention vs. simulated standard scans: cP < 0.01, dP < 0.05.
eP = 0.051, 
fP = 0.082.
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despite intervention (both in group 3), the patient (body 
weight 54 kg, blood glucose 13.2 mmol/L) with lowest 
scores of image quality had multiple comorbidities in 
addition to diabetes. At the time of the scan, he suffered 
from confusion and refused eating and taking prescribed 
medication. For the other patient (body weight 75 kg, 
blood glucose 11.4 mmol/L) no other contributing factors 
than poorly regulated diabetes were noted.

Regional effects of blood glucose
Both cortex/white matter and cortex/scull ratios were 
markedly lower in patients with hyperglycaemia com-
pared to normoglycaemic controls resulting in poorer 
contrast between cortex and surrounding tissues, whereas 

no difference was observed for cortex/cerebellum ratio 
(Table 4 and Fig. 6). Repeat scans were performed at a 
later occasion in two patients (not as a part of the project), 
and no substantial differences were noted in statistical 
surface projections when comparing studies performed at 
different blood glucose levels.

Discussion
The present study investigated the relationships among 
blood glucose, body weight, image count density and 
noise, and perceived image quality in clinical [18F]FDG 
PET brain scans. To our knowledge, no prior studies 
have systematically analysed and quantified the inter-
relationship of these parameters in clinical brain scans. 

Fig. 4

Correlation of VAS score with image count density and noise. Left panel shows VAS scores vs image counts density in standard scans (hollow 
circles) and simulated standard scans (black). Note a progressive decrease in VAS scores when image count density drops below approximately 
6 × 103 kcounts/mL (separate regression line below and above 6 × 103 kcounts/mL are shown). Right panel shows correlation of VAS score with 
image noise for standard scans (hollow circles) and simulated standard scans (black) with corresponding intervention scans (red). Dashed line 
shows regression line (quadratic fit) for standard and simulated standard scans pooled. Note that for groups 2 and 3, intervention reconstructions 
are located left of the regression line indicating that VAS scores are lower than expected from the noise level. VAS, visual analogue scale.

Table 3 Influence of blood glucose and body weight on image quality parameters

Standard and simulated standard scans Standard and intervention scansc

 VAS (CI) Noise (CI) Lickert (CI) VAS (CI) Noise (CI) Lickert (CI)

Blood glucosea −0.65d (−0.79 to −0.50) 0.069d  
(0.054 to 0.083)

−0.90d (−1.22 to −0.58) −0.31d (−0.44 to −0.19) −0.022e (−0.037 to −0.007) −0.47d (−0.73  
to −0.22)

Body weightb −0.16 (−0.37 to 0.06) 0.034d  
(0.013 to 0.056)

−0.23 (−0.54 to 0.09) 0.084 (−0.097 to 0.27) −0.031b (−0.053 to −0.008) 0.09 (−0.26  
to 0.43)

Estimates are from regression models with both blood glucose and body weight as explanatory variables.
CI, confidence interval; VAS, visual analogue scale score.
aPer mmol/L.
bPer 10 kg.
cIntervention scan in groups 2 and 3, and standard scans in controls and group 1. 
dP < 0.001.
eP < 0.01.
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The study confirms the expected deleterious effect of 
elevated blood glucose and body weight on image noise 
that in turn is inversely correlated with subjectively eval-
uated image quality measured by VAS and Likert scores, 
although a direct association between body weight and 
perceived image quality could not be confirmed. The 
study further demonstrates the applicability of a simple 
clinical algorithm for managing increased blood glucose 

that may compensate for decreased image quality in 
patients with mild to moderate hyperglycaemia.

Most important from a clinical perspective, the pres-
ent study provides guidance on when and how to per-
form [18F]FDG PET brain scan in hyperglycaemic 
patients. The analysis shows that image quality is 
affected negatively even in mild hyperglycaemia, but 

Fig. 5

Association of image quality with blood glucose and body weight. Open circles show standard and simulated standard scans (all groups) with 
regression line (dotted) and closed circles show intervention scans in groups 2 and 3 with regression line (dashed). Below is shown regression 
slope, P value and R2 value for the two regression lines (standard + simulated standard and intervention).
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when maintaining image count density at the level of 
normoglycaemic patients most patients presenting with 
mild hyperglycaemia (blood glucose 7–10 mmL/L) can 
be examined without compromising image quality, and 
that image quality in patients with moderate hypergly-
caemia (blood glucose 10–14 mmol/L) may be improved 
substantially although not to the level of normoglycae-
mic patients. The proposed algorithm, therefore, allows 
the vast majority of diabetic and nonfasting patients to 
be examined as scheduled while maintaining diagnostic 
image quality. We believe that this is of great value for 
clinical workflow and for both patients and caregivers.

Also of importance, we found that although image noise 
and subjective image quality are highly correlated, it 
appears that improving count density to the level of 
controls (or even above) by increased activity and scan 
time does not necessarily lead to similar effects on per-
ceived image quality. Several factors could contribute to 

poorer perceived image quality despite similar or lower 
noise levels. First of all, increasing count density does 
not alter the relative distribution or contrast within the 
image, and does not improve the lower contrast between 
cortex and surrounding structures as demonstrated in 
the analysis of patients with most pronounced hyperg-
lycaemia. Prolonging acquisition time may also increase 
the risk of patient head motion (Fig.  6), and maintain-
ing standard scan time while increasing [18F]FDG dose 
administered in all hyperglycaemic patients may offer a 
more effective approach at the expense of higher radia-
tion exposure to patients and scanner staff. Alternatively, 
additional filtering or modifying iterative reconstruction 
parameters, or use of statistical software (also applying 
additional filtering) providing z-score maps [9] may facil-
itate interpretation of low count density studies, typi-
cally at the cost of lower image resolution. Also, digital 
PET/CT systems providing improved sensitivity may 

Table 4 Patient characteristics and image contrast in patients with extreme blood glucose values

Normoglycaemic (n = 10)  
standard scan median (range)

Hyperglycaemic (n = 10)  
simulated standard scan median (range)

P valuea

Age 75 (53–85) 74 (55–92) 0.880
MMSE (n = 10/8)b 28 (13–30) 26 (17–30) 0.653
Blood glucose (mmol/L) 4.85 (4.4–5.3) 11.6 (10.3–13.6) <0.0001
Cortex count density (103 kcts/mL) 8.43 (6.42–12.78) 4.12 (2.35–7.72) 0.0003
Cortex/white matter 2.15 (1.79–2.70) 1.63 (1.15–2.07) 0.0009
Cortex/scull 6.42 (4.03–8.89) 3.40 (0.82–5.62) 0.0009
Cortex/cerebellum 1.08 (0.85–1.34) 1.02 (0.87–1.16) 0.326

MMSE, Mini-Mental State Examination.
aP value for group difference (Mann–Whitney test).
bMini-Mental State Examination. Numbers in parenthesis refer to number of patients with MMSE recorded in each of the groups.

Fig. 6

Limitations of algorithm. Left panel two female patients with similar age and cognitive function scanned in normoglycaemic (a) and hyperglycaemic 
(b) conditions. Note relatively higher uptake in white matter and skull/scalp in the hyperglycaemic patient compared to the normoglycaemic patient, 
despite similar whole-brain count density and image noise. Right panel shows results of imaging in a male patient studied in both normoglycaemic 
(c) and hyperglycaemic (d) conditions. Prolonged imaging resulted in degraded image quality due to head motion.
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provide acceptable count density within standard acqui-
sition time without increasing administered activity. 
These alternate approaches, however, do not alter the 
relationships between blood glucose and body weight 
with count density and image quality observed. Of note, 
in the nonintervention groups (control group and group 
1, Fig.  4), the influence on perceived image quality of 
further increasing count density above 6 × 103 kcounts is 
relatively small, and this finding support previous studies 
showing that clinically acceptable image quality may be 
achieved at lower than standard acquisition time or activ-
ity [9–11] in normal conditions.

The algorithm appears to overcorrect statistical whole-
brain noise level in group 3 on average. However, as 
count density in cortex is relatively more affected in 
patients with more pronounced hyperglycaemia (as low 
as 27% of the average of normoglycaemic patients, see 
Table 4), we find that the slight average overcorrections 
may be preferable in terms of simplicity and robustness 
to extreme cases.

A number of publications have reported that acute hyper-
glycaemia may alter the relative cortical [18F]FDG distri-
bution with more pronounced reductions in Alzheimer’s 
disease signature areas, that is, lateral parietal cortex and 
precuneus [12,13] that may potentially lead to false-pos-
itive studies [14]. The basis of these effects has not been 
established, but may represent regional variability in the 
expression of glucose transporters or hexokinase sub-
types, or regional effect of hyperglycaemia on neuronal 
activity [13]. These observations warrant caution when 
reporting [18F]FDG studies performed in hyperglycaemic 
states, in particular in patients with mild cognitive symp-
toms, but it should be stressed that the effects observed 
are relatively small and with a single exception [14] only 
demonstrated in group analysis. A recent cross-sectional 
study of healthy controls and patients with mild cogni-
tive impairment confirmed regional effects of increasing 
blood glucose also in mild hyperglycaemia at the group 
level, but could not demonstrate any influence on diag-
nostic accuracy (conversion of mild cognitive impairment 
to Alzheimer’s disease) nor any cases of false-positive 
studies in healthy controls with mild hyperglycaemia 
(blood glucose <9 mmL/L) [15]. Also, most studies have 
applied statistical analysis with normalisation to global 
activity, which tends to lower the inter-subject variation 
and increase sensitivity for regional differences [16]. The 
effects of mild hyperglycaemia at the group level may dis-
appear when normalising to cerebellum [12,17], and may 
thus further minimise the risk of false-positive studies. 
Our data suggest that within the studied range of blood 
glucose values, the effects on increasing glucose is similar 
in the cerebellum and in cerebral cortex, and thus con-
firms that cerebellar activity remains valid for normalisa-
tion in statistical analysis [12]. Due to the cross-sectional 
design, each patient was only scanned in one condition 

and we cannot assess the possible influence of hypergly-
caemia on regional distribution. In our study population, 
only two patients were examined in both hyperglycae-
mic and near normoglycaemic states (repeated imaging 
performed on the request of the treating physicians and 
not as a part of the study). Both were amyloid negative 
(on [11C]PIB PET scans) and had only mild cognitive 
complaints, and in neither visual nor statistical analysis 
(using cerebellar normalisation) any clinically relevant 
differences were found.

Due to the effect on image contrast and the above con-
siderations, image quality will most likely compromise 
diagnostic accuracy in patients with pronounced hyper-
glycaemia (blood glucose >13–14 mmol/L), and it would 
be prudent to postpone or reschedule the examination 
if possible. However, in some patients, acceptable blood 
glucose levels may be difficult to achieve and the poten-
tial loss of diagnostic quality should in each case be 
weighed against the severity of symptoms (i.e. are symp-
toms suggestive of extensive metabolic reductions that 
can be recognised despite suboptimal image quality?) 
and if alternative modalities not influenced by hypergly-
caemia, for example, amyloid PET or perfusion SPECT, 
could answer the clinical question.

We failed to confirm an association of body weight as 
a continuous measure with perceived image quality, 
despite a clear negative association with count density. 
This could reflect lack of statistical power due to both 
very few very large patients and a possible association 
of obesity and diabetes. Also, as [18F]FDG uptake is low 
in fatty tissues compared to other tissues (and to brain 
in particular) a more relevant but also more complicated 
measure would be lean body mass. In whole-body scans, 
the image quality in obese patients is more degraded by 
the increased attenuation than by lower average concen-
tration. For a brain scan, the attenuation effect is minor. 
Our clinical experience, though, is clearly that image 
quality may be impaired in large patients, and this was 
supported by lower VAS scores in patients with body 
weight >100 kg (which has been adopted as a weight 
criterion when the algorithm was implemented in our 
department). Further, we showed that bodyweight 
is positively associated with image noise irrespective 
of blood glucose. An alternative strategy could be to 
increase administered activity in all large patients to 
reduce image noise.

Potentially, disease severity could interfere with the anal-
ysis, both directly by lower [18F]FDG uptake as a result 
of the neurodegenerative process, and indirectly due to 
diabetes being a risk factor for dementia or due to poorer 
glycaemic control in patients with dementia. Although 
MMSE may only be considered a surrogate marker of 
disease severity and was only available for analysis in 
45/68 (66%) of patients, we could not demonstrate any 
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difference in MMSE between groups, nor any association 
of MMSE with blood glucose or perceived image quality.

The study has a number of additional limitations. First 
of all, as mentioned above this was a cross-sectional 
study and patients were not re-examined in normo-
glycaemic conditions. We can therefore not assess the 
influence on image interpretation or diagnostic accu-
racy, but only on image quality. Second, the measures 
applied for ‘count density’ and ‘noise’ are simplistic and 
based on several assumptions as stated in Introduction, 
and does not take into account dead time, attenuation 
and effects of reconstruction and filtering. However, 
we find the measures sufficient for the present analy-
sis. Finally, and likely of minor importance, we meas-
ured blood glucose using a point-of-care glucose meter, 
which is probably less accurate than plasma glucose 
determined using hospital laboratory systems. The 
simplified approach was applied in order to collect data 
as a part of clinical routine.

At our department, we have implemented the proposed 
algorithm for adult patients with some minor modifi-
cations. As explained above weight cutoff is changed 
to 100 kg and routine upper limit of hyperglycaemia is 
set to blood glucose of 13 mmol/L. All patients requir-
ing increased administered activity or rescheduling 
are, however, conferred with the nuclear medicine 
physician on call to ensure individual assessment. In 
conclusion, this study shows that increasing blood glu-
cose and to a lesser degree high body weight is associ-
ated with increasing image noise and that maintaining 
count density by increasing scan time and adminis-
tered activity substantially improves perceived image 
quality in patients presenting with mild to moderate 
hyperglycaemia.
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