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I n Germany, anesthesia for therapeutic procedures or 
diagnostic examinations in children within the first 
five years of life accounts for an estimated 400 000 

 anesthetic procedures, or approximately 2% of the anes-
thetic procedures performed annually (1).

Since the developing brain is highly vulnerable to 
exogenous noxious substances, especially in early 
childhood, given the essential developmental pro-
cesses during this period (including cell migration 
and differentiation, synaptogenesis), research on the 
potential neurotoxic effects of anesthetics is highly 
relevant (2). In recent years, discussions about the 
possible effects of anesthesia in the first three years of 
life have been the focus of particular attention (3).

Several studies have already been conducted to 
 investigate the effects on cognitive performance by 
anesthetic-induced neurotoxicity. However, their 
 different designs limited any comparability of the re-
sults. Animal studies on rodents (4–6) and non-human 
primates (7, 8) did not provide a clear picture. For 
example, neuroinflammatory responses with de-
creased protective glial cell-derived neurotrophic fac-
tors and reduced neurogenesis in the hippocampus 
were observed after a two-hour exposure of neonatal 
rats to 3% sevoflurane. These were functionally as-
sociated with limitations in behavioral tests in terms 
of cognitive dysfunction (9). Given the interaction of 
synaptogenesis with diverse neurotransmitter systems 
(including N-methyl-D-aspartate [NMDA] and 
gamma-aminobutyric acid [GABA] receptors), it ap-
pears likely from an animal experimental perspective 
that synaptogenesis is functionally modulated, and 
proapoptotic effects are induced, by anesthetics. 
However, results from animal studies have limited ap-
plicability to humans regarding pharmacokinetics, 
duration of exposure, and the level of maturation of 
the central nervous system at the time of exposure, 
amongst other things. Epidemiological studies are 
therefore indispensable.

Retrospective observational studies indicate that 
early exposure to anesthetics may increase the likeli-
hood of developing learning deficits and mental dis-
orders, among other things (10–16). Other studies 
found no association between administration of anes-
thetics in early childhood and decreased cognitive 
performance (17, 18). The results of the few available 
prospective studies convey a similar picture (19–21). 
No significant difference in full-scale intelligence 
quotient (IQ) was found between children under four 
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years of age with and without exposure to anesthetics 
in the PANDA study (22, 23) and the MASK study 
(24, 25).

Given that anesthesia is usually indispensable for 
surgical procedures, controlled interventional studies 
on this are only possible to a limited extent. The GAS 
study (26, 27) therefore examined the effect of gen-
eral anesthesia on neurodevelopmental outcome as 
compared with regional anesthesia. At the measure-
ment time points (participants’ ages: two and five 
years), there were no significant differences in terms 
of full-scale IQ scores between the groups.

The present study, ANFOLKI-36 (“Anesthetic 
Consequences After Pediatric Anesthesia from Birth 
to Three Years of Age”), aimed to provide convincing 
results on the question of whether anesthesia affects 
long-term cognitive abilities in children under the age 
of three years. Children with well-documented expo-
sure to anesthetics within the first three years of life 
were prospectively given a standardized test of their 

cognitive performance and compared with a control 
group without exposure to anesthetics.

Materials and methods
Inclusion criteria and recruitment
The present controlled cross-sectional study recruited 
children born between 2007 and 2011 who had under-
gone at least one anesthetic procedure at Erlangen Uni-
versity Hospital (UKER) before reaching the age of 
three years and who had not shown signs of impaired 
cognitive development before exposure to anesthetics 
(“International Statistical Classification of Diseases 
and Related Health Problems” [ICD]-10 F70–F73). 
 Patients with severe malformations or underlying con-
ditions (including metabolic diseases, cerebral palsy, 
dystrophy) diagnosed before exposure to anesthetics 
were not recruited, nor were patients who had under-
gone surgery of the central nervous system (Operation 
and Procedure Code [OPS] 5–01 – 5–02) or the heart 
(OPS 5–35 – 5–37). Custodial parents and children 

FIGURE Flowchart for the 
selection of the final 
study population 
with respect to the 
exposed group and 
the control group, 
based on the poten-
tially eligible total 
population. 
WOG, week of 
 gestation. 

430 full-term patients
– 414 with WOG >36
–  16 with WOG missing, but 

birth weight ≥2500 g

67 full-term controls
– 66 with WOG >36
–  1 with WOG missing, but 

birth weight ≥2500 g

Patients with study-integrated  
index test and questionnaire 

N = 490

Recruited patients N = 672

Contacted patients N = 2510

48 patients unavailable

1790 patients  
with no reply or with refusal

3 patients with incomplete 
anesthesia details

14 patients with exclusion  
diagnoses

158 patients with missing 
index test

7 patients with missing 
questionnaire

1 patient with missing information on 
WOG and birth weight, so that clas-
sification into mature or immature 
birth not possible

2 patients with missing WOG 
and birth weight <2500 g

57 patients with WOG <37

Controls with study-integrated  
index test and questionnaire 

 N = 83

Recruited controls N = 89

Contacted controls N = 92

3 controls with refusal

1 control with missing  
questionnaire

5 controls with missing 
index test

1 control with missing information on 
WOG and birth weight, so that clas-
sification into mature or immature 
birth not possible

15 patients with WOG <37
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aged seven years and older gave their written informed 
consent. The control group included equivalent 
children not exposed to anesthesia before the age of 
three years.

Subsequently, recruited patients with ICD codes 
associated with potentially decreased intelligence 
were identified by a specialist in anesthesiology 
(G04.9, G08, G25.9, G81.1, G93.0, I46.0, P21.0, 
Q04.0, Q90.9), and affected patients were excluded. 
A specialist in anesthesiology determined whether 
surgery or diagnostic testing had been performed 
using the German procedure classification codes for 
the procedures performed on the day of anesthesia.

Potential subjects were identified using the patient 
data management system (PDMS) Narco Data 
(IMESO) of the Department of Anesthesiology. After 
having been contacted by mail and their willingness 
to participate had been expressed by the parents, they 
were then contacted by telephone. On that occasion, a 
medical member of the study team conducted the in-
formation and informed consent interview. Once con-
sent had been provided, the study documents were 
sent out. The control group was recruited via the out-
patient clinic of the pediatric department of the 
UKER as well as through pediatricians in private 
practice in the region.

Target parameters and measuring tools
The primary outcome parameter of the study was the 
full-scale IQ score. Secondary outcome parameters 
were the subtest scores on which the full-scale score 
was based and developmental neurological character-
istics.

All anesthesia-related data (including pro-
cedure times and medications) had been 
 documented in the electronic anesthesia record 
 during anesthesia and were evaluated retrospectively 
for the study.

All other study-relevant data were collected pros-
pectively between 2017 and 2019. The full-scale IQ 
score was assessed in the then 7 to 11-year-olds at the 
time of the study using a standardized test procedure: 
the Kaufman Assessment Battery for Children—Sec-
ond Edition (KABC-II, German version), which was 
normed for the age range relevant to the study (28). 
The Wechsler test (29, 30) was planned as an 
  alternative in case the KABC-II had already been 
completed but was not used. The psychological tests 
took place at the UKER and were performed by ex-
perienced neuropsychologists. Additional data (in-
cluding demographic information, socioeconomic 
status, developmental milestones) were collected 
using a questionnaire.

Ethics committee and registration
The study received a positive ethics opinion from the 
Friedrich-Alexander University Erlangen-Nürnberg 
(reference number 226_16B). In addition, the study 
was registered on ClinicalTrials.gov (NCT number: 
NCT03034889).

TABLE 1

Break-down of the full-term, exposed and non-exposed subjects.

SD, standard deviation

Parameter

Sex

 – male

 – female

Socioeconomic status

 – low

 – middle

 – high

Age at index test in years; mean 
±SD

Exposed  
subjects (n = 430)

277 (64.4%)

153 (35.6%)

65 (15.1%)

160 (37.2%)

205 (47.7%)

9,2 ± 1,5 

Non-exposed 
 subjects (n = 67)

30 (44.8%)

37 (55.2%)

7 (10.4%)

16 (23.9%)

44 (65.7%)

9.9 ± 1.4

TABLE 2

Results of anesthesia-related analysis of subjects who received anesthesia 
between the ages of 0 and 36 months, limited to the first three years of life

 
IQR, interquartile range; OP, operation; SD, standard deviation; TIVA, total intravenous anesthesia;  
*1 in the event of multiple anesthetic procedures, at least one regional anesthesia;  
*2 in the event of multiple anesthetic procedures, no regional anesthesia;  
*3 in the event of multiple anesthetic procedures, always inhalational anesthesia;  
*4 in the event of multiple anesthetic procedures, always TIVA;  
*5 in the event of multiple anesthetic procedures, at least one TIVA and one inhalational anesthesia

Parameter

Age at first exposure to anesthetics in days; 
mean ± SD (mean, [IQR])

Number of operations (%)

1 OP

2 OPs

3 OPs

4 OPs

more than 4 OPs

no OP

Duration of anesthesia  per anesthesia in  
minutes; mean ± SD (median, [IQR])

Type of anesthesia per patient

  Inhalational anesthesia*3

TIVA*4

 Inhalational anesthesia and TIVA*5

Exposed subjects (n = 430)

 
463.7 ± 321.1 (462. [158.8; 705.0])

293 (68.1%)

51 (11.9%)

28 (6.5%)

8 (1.9%)

6 (1.4%)

44 (10.2%)

 
110 ± 74.8 (90. [61.0; 134.0])

  Regional anesthesia

yes*1

28

81

30

no*2

85

183

23

Total

113

264

53
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Statistical methods
The reference values of the test procedure used were 
normally distributed with a mean of 100 and a standard 
deviation of 15 (28). For the primary outcome par-
ameter, the study protocol planned an interval inclusion 
test for non-inferiority at the 5% significance level with 
regard to the difference in means, with a maximum 
 tolerable deviation of five IQ points. The number of 
cases (2 : 1) for a power of 90% was 420 (270 exposed 
subjects, 150 subjects in the control group). Of rel-
evance to the analysis were subjects with a complete 
data set consisting of a completed questionnaire and an 
IQ test administered by study investigators.

Socioeconomic status was defined as low (no 
school-leaving certificate/elementary school/second-
ary general school), middle (intermediate secondary 
school), or high (high school diploma/entrance 
qualification for university of applied sciences), 
based on the information provided in the question-
naire on the mother’s school education. The analysis 
was restricted to full-term infants. Classification as 
full-term was based on the duration of gestation from 
37 weeks or, in the absence of information to this 
 effect, from a birth weight of 2500 g.

A linear regression model adjusted for socio -
economic status, age, and sex was created.

Non-inferiority of the primary outcome criterion to 
the clinically relevant margin of five was examined 
using the 90% confidence interval (90% CI) centered 
around the estimator of the mean difference. The 95% 
confidence interval (95% CI) was also provided.

Apart from the subtests of the standardized 
 testing procedure, no other secondary target 
 parameters were included in the evaluation of the 
present manuscript.

The software environment R (version 3.5.3) was 
used for the statistical analysis (31).

Results
Subject characteristics

Out of a total study population of 2510 patients, 
490 subjects with complete data sets were included. 
Eighty-three subjects were recruited for the control 
group. After exclusion of all preterm children, 430 

and 67 subjects, respectively, remained for analysis 
(Figure).
The average age at testing was 9.2 years among the ex-
posed subjects and 9.9 years in the control group. 
Sixty-four percent of the exposed children were male 
compared with 44.8% in the control group. The break-
down of both groups according to socioeconomic status 
is shown in Table 1. 

Evaluation of anesthesia-related data
Evaluation of the anesthesia-related data of the 430 

patients produced the following results (Table 2): The 
mean age at the time of first anesthesia was 463.7 
days. The majority of patients had undergone surgery 
once (293 of 430; 68.1%), while 93 children (21.6%) 
had had at least two operations. 10.2% (44 of 430) 
had received anesthesia for an examination. The 
 average duration of anesthesia for the entire study 
 cohort was 110 minutes. Types of anesthesia, sub -
divided into total intravenous anesthesia (TIVA) and 
inhalational anesthesia, are listed per patient with 
summary information for multiple anesthetics. One 
(or more) TIVAs had been performed in 264 subjects 
(61.4%), of whom 81 subjects had also received re-
gional anesthesia during the procedure. In 113 
children (26.3%), anesthesia had been maintained 
with inhalation anesthetics. In this group, regional 
 anesthesia had been performed in 28 children. In the 
remaining 53 patients (12.3%), multiple anesthetic 
procedures had been performed, and both procedures 
had been used. Table 3 presents the distribution of 
 patients with respect to the number of anesthetic 
procedures received before and after three years of 
age.

A total of 694 anesthetic procedures had taken 
place in the study population, 166 of which had in-
volved the addition of an inhalation anesthetic. The 
injection anesthetics used were propofol (593 of 694; 
85.4%), esketamine (323 of 694; 46.5%), midazolam 
(398 of 694; 57.4%), and thiopenthal (53 of 694; 
7.6%). Several anesthetics may have been used in 
combination. Sevoflurane was the main agent used 
for inhalational anesthesia. 

Evaluation of the standardized test
The mean IQ score of the index test for full-term in-
fants was 108.2 (95% CI: [107.0; 109.4]) for the ex-
posed subjects and 113.0 (95% CI: [110.0; 116.1]) for 
the control group. The difference is 4.9, with a 90% CI 
of [2.2; 7.6] and a 95% CI of [1.7; 8.1]. The clinically 
relevant non-inferiority threshold of five IQ points was 
within the confidence interval; thus, non-inferiority 
was not demonstrated. Neither adjustment for socio -
economic status (difference of 3.6 with a 90% CI of 
[0.9; 6.2] and a 95% CI of [0.4; 6.7]) nor adjustment for 
socioeconomic status, age, and sex (difference of 2.9 
with a 90% CI of [0.2; 5.6] and a 95% CI of [-0.3; 6.1]) 
had any effect on this result. The evaluation of the sub-
tests confirmed the result of the full-scale IQ analysis 
(Table 4).

TABLE 3

Distribution of patients (n = 430) in terms of the number of anesthetic 
 procedures received before and after 3 years of age

Number of 
anesthetic pro-
cedures received 
after 3 years of 
age up until the 
IQ test

0

1

2

3 +

Number of anesthetic procedures in the first 3 years of 
life

1

285

26

10

2

2

50

8

2

0

3

18

3

3

0

4

9

3

1

1

5 +

4

3

0

2
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Subgroup analysis
Sensitivity analyses were performed for selected 
 subgroups. In the subgroup based on number of anes-
thetic procedures within the first three years of life, the 
mean IQ score was comparable to the score of 108.2 for 
all full-term infants (patients with one anesthesia: 
108.3; 95% CI: [106.9; 109.8], with two anesthetic 
 procedures: 108.8; 95% CI: [106.0; 111.7], with three 
anesthetic procedures: 107.8; 95% CI: [103.2; 112.4]). 
This was equally true for the number of operations (pa-
tients with no surgery: 107.0; 95% CI: [103.8; 111.9], 
with one procedure: 108.2; 95% CI: [106.6; 109.8], 
with two procedures: 108.3 95% CI: [105.7; 110.9], 
with three procedures: 111.1; 95% CI: [107.3; 115.0]). 
The group of 323 patients with only one anesthesia 
within the first three years of life was examined with 
regard to anesthesia duration. Duration of anesthesia 
did not correlate with IQ test score (r = –0.029; 95% CI: 
[-0.138; 0.080]). In a linear model adjusted for socioe-
conomic status, sex, and age at testing, the effect of an-
esthesia duration was not significant (p = 0.394; esti-
mated effect per minute: –0.010; 95% CI: [-0.0340; 
0.01345]). 

Discussion
The results of the present study showed that the non-
 inferiority hypothesis defined in advance for a group of 
patients with exposure to anesthetics in early childhood 
compared with a control group was not statistically 
supported. The group with anesthetic exposure had a 
significant difference of 2.9 IQ points adjusted for so-
cioeconomic status, age, and sex in direct comparison 
with the control group. However, the full-scale IQ of 
the patients tested was 108.2, which was significantly 
higher than the normalized mean of 100 for the test 
 procedure used. This relation suggests that, on average, 
anesthesia in early childhood is not associated with de-
creased intelligence in later life.

Discussion of the study cohort
After data collection, patients were first compared with 
the control group with respect to characteristics poten-
tially affecting IQ, without taking the test results into 
consideration. For the primary patient cohort, the 
groups of patients and controls were confined to 
 full-term infants because the control group contained 
proportionally very few formerly preterm infants.

The control group had a higher socioeconomic 
status and was on average one year older. The patient 
group contained significantly more male participants 
than female participants, as expected from the study 
protocol. Therefore, an additional linear regression 
model was used to adjust for socioeconomic status, 
age, and gender.

Socioeconomic statuses in the patient group 
(Table 1) were similarly distributed as in the sample 
(13.2% low, 37.2% middle, 49.6% high) with the help 
of which the KABC-II was validated (28).

Discussion of the results
Studies looking at similar questions have arrived at 
comparatively different results. For example, in their 
PANDA study of 105 pairs of siblings, Sun et al. found 
no statistically significant difference in full-scale IQ 
between exposed and unexposed siblings. The average 
score at testing (8 to 15-year-olds) was even slightly 
higher at 111 points (22, 23) than in the present study. It 
should be noted that the inclusion criteria of Sun et al. 
involved children with a single exposure to elective 
hernia surgery within the first three years of life and no 
more than mild general illnesses. A similar selection 
with respect to indication for surgery was made by 
McCann et al, who compared the effects of regional 
with general anesthesia in 447 children (postmenstrual 
age <60 weeks), also after hernia surgery. This study 
also found no statistically significant difference in IQ 
scores between the two groups when tested at five years 

TABLE 4

Evaluation of the standardized index test, including subtests, of exposed patients and the control group, adjusted for socioeconomic status as 
well as for socioeconomic status, age, and sex

IT, Index test; 90% CI, 90 % confidence interval

Index test

IT subtest: sequential

IT subtest: simulta-
neous

IT subtest: learning

IT subtest: planing

IT subtest: knowledge

Controls

mean [95% CI]

 113.0 [110.0; 116.1]

 109.6 [106.3; 112.9]

 110.4 [107.3; 113.6]

 110.1 [107; 113.2]

 107.9 [104.6; 111.3]

 114.1 [110.8; 117.5]

Patients

mean [95% CI]

108.2 [107.0; 109.4]

105.1 [103.7; 106.4]

107.5 [106.3; 108.7]

106.5 [105.2; 107.7]

104.5 [103.2; 105.9]

109.6 [108.3; 110.9]

Difference 

 
[90% CI]

4.9 [2.2; 7.6]

4.5 [1.5; 7.5]

3.0 [0.1; 5.8]

3.7 [0.9; 6.5]

3.4 [0.4; 6.4]

4.5 [1.5; 7.5]

Difference  
adjusted according to 
socioeconomic status  

[90% CI]

3.6 [0.9; 6.2]

3.6 [0.5; 6.7]

1.9 [−0.8; 4.6]

2.7 [0; 5.5]

2.7 [−0.4; 5.8]

2.9 [0.1; 5.7]

Difference adjusted  
according to 

socioeconomic status,  
ag,e and sex

[90% CI]

2.9 [0.2; 5.6]

2.4 [−0.8; 5.5]

2.6 [−0.1; 5.3]

2.4 [−0.4; 5.3]

1.2 [−2; 4.4]

3.1 [0.2; 5.9]
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of age (regional anesthesia: 99.08, general anesthesia: 
98.97) (27). The study by Warner et al., looking at the 
effects on school performance in 8 to 12 or 15 to 
20-year-olds after single versus multiple exposures, 
also did not indicate any negative effects (24). In our 
study, we deliberately did not focus on a specific 
 indication for anesthesia in order to obtain as compre-
hensive a picture as possible. Patients are well charac-
terized in terms of number and duration of operations 
or anesthesia, anesthetic procedures, and diagnoses. In 
contrast to the numerous animal and retrospective 
studies that have observed cognitive deficits under 
 laboratory conditions or with outdated anesthesia 
 procedures (4–6, 10, 13, 32), the present study reflects 
anesthesic procedures currently in use. We presume, 
however, that relatively complex cases are represented 
in the study population, given the wide range of 
 disorders. Secondary effects associated with these 
 disorders could account for the observed significance 
between the exposed patient group and the control 
group. The fact that the population was limited to full-
term infants may have contributed to the expected 
value of IQ score of 100 being exceeded in both groups, 
because the validation sample of the KABC-II was not 
restricted to full-term infants. At the same time, 
 severely ill preterm infants tend to have intelligence 
deficits and partial disorders more frequently. On the 
other hand, it cannot be assumed that the group of 
 severely ill preterm infants was represented strongly 
enough in the validation sample of the KABC-II to ex-
plain such an effect.

Limitations
Some limitations must be borne in mind when inter -
preting the results. One weakness of the retrospective 
study design is that it was not possible to compare the 
time points before and after IQ testing. This would 
have been impossible to implement even in a purely 
prospectively planned study because of the young age 
of the subjects at the time of anesthesia. The 
anesthesia- related data were already available before 
the start of the study, so that no influence could be 
 applied to the selection of the data to be collected or 
the measurement and documentation techniques used 
for this purpose.
However, the PDMS used guaranteed comprehensive 
and highly standardized documentation for all 
study- related parameters. Furthermore, instead of the 
intended 150 subjects, only 67 were included in the 
control group. The comparison is valid, however, 
 because of the even distribution across the observed 
age groups and the larger enrollment in the patient 
group.  Ultimately, studies looking at the effects of 
anesthetic-induced neurotoxicity are always limited 
in their  conclusions, because anesthesia is never 
given as an end in itself. Anesthesia or sedation is 
 always associated with a diagnostic or therapeutic 
procedure, which may have its indication in a condition 
that may per se have an impact on cognitive develop-
ment.
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Acute Chest Pain Following Parenteral Infusion
A 44-year-old female patient presented to the Chest Pain Unit with 
acute-onset right chest pain and shortness of breath. She had 
 recently received parenteral nutrition for the first time, via a port 
system. The port had been implanted 2 days earlier, in line with 
the Standard Operating Procedure (SOP), due to cancer cachexia 
caused by pancreatic carcinoma. On X-ray its postinterventional 
position appeared normal. The point-of-care ultrasound scan 
showed right-sided pleural effusion with internal echoes. Labora-
tory analysis of a tissue sample obtained via pleurocentesis, which 
was bloody and milky in appearance, showed evidence of a trans-
udate. Its glucose level was 799 mg/dL, versus 158 mg/dL in the 
blood serum. Infusothorax was suspected, so a chest CT was 
 performed. This showed that the tip of the port was located ex-
travasally (arrow). Infusothorax is a complication following central 
venous catheter insertion. It is usually caused, as in this case, by 
perforation (arrowhead) of the vena cava (asterisk) followed by in-
fusion into the pleurae. This case was treated by placing a chest 
drain and then surgically reviewing the port system, which entailed 
no complications.
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Only one answer is possible per question. Please select the answer that is most appropriate.

Question 1
Which blood hormone increases iron absorption in  
β-thalassemia?
a) Insulin
b) hemojuvelin
c) transferrin
d) erythroferrone
e) interleukin-6

Question 2
Hepcidin is produced in the liver and circulates in the blood.  
What is the name of the receptor to which hepcidin binds?
a) Transferrin receptor
b) Insulin receptor
c) TMPRSS6
d) Iron exporter ferroportin
e) NMDA receptor

Question 3
What is believed to be the function of hepcidin in the regulation 
 of iron availability?
a) It increases the absorption of iron from food.
b) It inhibits iron absorption.
c) It enhances iron recycling by macrophages.
d) It increases glucagon expression.
e) It releases iron from macrophages.

Question 4
What is the most common cause of hypochromic–microcytic  
anemia?
a) Vitamin B12 deficiency
b) Renal anemia
c) Anemia of chronic disease
d) Iron deficiency
e) Folic acid deficiency

Question 5
Transferrin saturation is an important biomarker of iron availability. 
Which are the saturation levels that show iron deficiency and 
 indicate iron overload?
a) Iron deficiency: <20%, iron overload: >40%
b) Iron deficiency: <30%, iron overload: >60%
c) Iron deficiency: <40%, iron overload: >70%
d) Iron deficiency: <50%, iron overload: >80%
e) Iron deficiency: <60%, iron overload: >90%

Question 6
What percentage of children in Europe are affected by iron 
 deficiency?
a) 0.05%–0.5%
b) 0.1%–1%
c) 2%–6%
d) 8%–12%
e) 14%–18%

Question 7
A 72-year-old patient with myelodysplastic syndrome  
becomes permanently dependent on transfusion due to 
 progressive anemia.   
After the administration of how many units of packed red cells 
(PRC) can serum ferritin be expected to rise to approximately  
1000 μµg/L?
a) About 5
b) about 10
c) about 20
d) about 40
e) about 60

Question 8
Which laboratory parameters should be measured when  
investi gating iron deficiency?
a) Fasting blood sugar and glutamate oxaloacetate transaminase 

 (aspartate aminotransferase)
b) Total LDL and C-reactive protein
c) HbA1c and creatinine
d) Alkaline phosphatase and urea
e) Ferritin and zinc protoporphyrin

Question 9
In older patients, the consequences of iron overload may be  
heavily overlaid by age-related medical problems.  
Which of the following diseases can be a result of systemic  
iron overload?
a) Ulcerative colitis
b) heart failure
c) glaucoma
d) Dupuytren‘s disease
e) morbid obesity

Question 10
What can mask iron deficiency?
a) High thyroid values
b) Immunosuppressive drugs
c) Pregnancy
d) Inflammatory disease
e) LDL cholesterol level > 180 mg/dL




