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Le  er 

The effect of the acute phase response (A R) on laboratory biomarkers of iron 

status is well known, and typically show increased serum ferritin and decreased 

serum iron, transferrin, total iron binding capacity (TIBC) and transferrin 

saturation [1,2]. In contrast, there are limited and conflicting data on the 

effect of the A R on serum biomarkers of vitamin B12 and folate. Serum total 

B12 has been reported as unaffected by surgery [3] but the high total serum 

B12 seen in malignancies, inflammatory diseases and the critically ill has been 

attributed by most [4]  but not all [5] as being due to inflammation. Similarly, 

serum folate has been reported asreduced [6] or unaffected [3] by surgery. 

There are no prospective data on the effect of the A R on serum active B12 or 

methylmalonic acid (MMA). We, therefore, prospectively evaluated the effect 

of the A R, as provoked by elective orthopaedic surgery, on laboratory 

biomarkers of iron, vitamin B12 and folate status to establish their validity in 

acute illness. 

Thirty patients (14 male) aged 70.0 (9.4) years gave informed written consent to 

participate in this study approved by the National Research Ethics Service. 

Exclusion criteria included patients who received ablood transfusion within 

three months, known to have haematological and liver disorders and on 

medication known to affect vitamin B12 and folate. Blood samples were collected 

on the morning of and 48 hours after surgery. Hb was measured soon after 

collection. Serum was separated within two hours of collection, aliquoted and 

frozen at -80°C until analysed in single batches. 

Hb was measured on the Sysmex XN-10® (Sysmex Corporation, Kobe, Japan). 

CR , transferrin and iron were measured on the Abbott ARCHITECT c16000 

analyser and total B12, active B12, folate and ferritin on the Abbott 
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ARCHITECT i2000sr analyser using methods and reagents supplied by Abbott 

diagnostics (Abbott Diagnostics, Abbott  ark, IL, USA). MMA was measured by 

liquid chromatography-tandem mass spectrometry using an AB Sciex QTrap 

6500 analyser (Sciex, Framingham, MA, USA) connected to a Shimadzu LC-

20AD XR H LC system (Shimadzu Corporation, Kyoto, Japan) based on a 

previously described method [7].  TIBC (25.1 x Transferrin) and transferrin 

saturation (Iron/TIBC x100) were calculated. 

CR and total B12 data were non-parametric but were normally distributed 

following logarithmic transformation. Other data were parametric. Student’s t-

test and  earson’s linear correlation, therefore, assessed the significance of 

differences and association respectively between raw and logarithmically 

transformed parametric data.  Data (including pre-transformed raw CR  and 

total B12 data) are expressed as means with standard deviation in parentheses. 

Following surgery, CR  and ferritin significantly increased; Hb, iron, transferrin, 

TIBC, transferrin saturation and folate significantly decreased; whereas total 

B12, active B12 and MMA remained unchanged (Table). Logarithmic CR  

correlated positively with ferritin (r=0.488, p=<0.0001) and negatively with iron 

(r=-0.864, p=<0.0001), transferrin (r=-0.567, p=<0.0001), TIBC (r=-0.568, 

p=<0.0001), transferrin saturation (r=-0.800, p=<0.0001), haemoglobin (r=-0.506, 

p=<0.0001) and folate (r=-0.279, p=0.0307). There were no correlations between 

logarithmic CR and logarithmic total B12 (r=-0.124, p=0.3451), active B12   (r=-

0.065, p=0.6241) or MMA (r=0.104, p=0.4301). 
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Table. Mean (SD) laboratory data in 30 patients before and 48 hours after 

elective knee or hip surgery 

Analy e Before surgery Af er surgery p Value 

*CR  

(mg/L) 

4.76 

(7.59) 

179.70 

(61.89) 

<0.0001 

*Total B12 

(pg/ml) 

381.8 

(154.2) 

374.6 

(215.0) 

0.8151 

Active B12 

(pmol/L) 

104.8 

(49.1) 

100.6 

(59.1) 

0.6257 

MMA 

(nmol/L) 

185.7 

(115.7) 

207.2 

(89.5) 

0.2865 

Folate 

(ng/ml) 

7.34 

(4.27) 

5.74 

(2.95) 

0.0017 

Ferritin 

(ng/ml) 

102.8 

(78.4) 

233.0 

(138.1) 

<0.0001 

Iron 

(umol/L) 

15.75 

(5.38) 

4.58 

(1.17) 

<0.0001 

Transferrin 

(g/L) 

2.608 

(0.396) 

2.094 

(0.333) 

<0.0001 

TIBC 

(umol/L) 

65.5 

(9.9) 

52.6 

(8.4) 

<0.0001 

Transferrin sat 

(%) 

24.8 

(9.4) 

8.8 

(2.2) 

<0.0001 

Haemoglobin 

(g/L) 

134.0 

(16.4) 

111.4 

(17.6) 

<0.0001 

* re-transformed data shown but logarithmic data analysed 

The 37-fold increase in CR  confirmed an A R.  The well-established effects on 

laboratory biomarkers of iron status were also confirmed; namely increased 

serum ferritin and decreased serum iron, TIBC, transferrin and transferrin 

saturation values [1, 2].  Alternative biomarkers and diagnostic strategies have, 

therefore, been advocated in the laboratory assessment of iron status in acute 

and chronic inflammatory conditions [1, 2]. 

International Journal of Laboratory Hematology 
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Vitamin B12 in plasma is bound to haptocorrin as holohaptocorrin (80-94%) or 

transcobalamin as holotranscobalamin (6-20%) [8]. Only vitamin B12 bound to 

transcobalamin is available to the cells [8]. Total B12 assays measure 

holohaptocorrin and holotranscobalamin; whereas the active B12 assay measures 

only holotranscobalamin [8]. MMA is afunctional biomarker for B12 deficiency 

as it increases in deficiency because cobalamin is required for the cofactors 

involved in its metabolism [8]. In this study, total B12, active B12, MMA and by 

implication holohaptocorrin and holotranscobalamin were unaffected by acute 

inflammation. The hypercobalaminaemia seen in malignancies and inflammatory 

diseases is therefore not due to acute inflammation as previously speculated [4] 

and may be related to liver dysfunction rather than inflammation [5]. 

The decrease in serum folate following surgical insult is similar to a previous 

report [6] but differs from another reporting no change [3]. The mechanisms 

for this are unclear. Although pre-operative samples were fasting, it was 

unclear which post-operative samples were fasting or non-fasting. An increased 

number of non-fasting post-operative samples, however, would not explain the 

decreased serum folate since a post-prandial sample would be expected to have 

increased serum folate as this would reflect recent dietary folate intake [9, 

10]. Reduced post-operative nutrient intake was also unlikely since short-term 

fasting increases serum folate [11]. The negative correlation between CR and 

serum folate in this study and aprevious report [12] also support serum folate 

being anegative acute phase reactant. As postulated by Sorti et al, this may be 

due to increased folate utilisation to support increased glutathione production 

to combat oxidative stress [6].We, however, cannot exclude the possibility that 

blood loss during surgery may have had an impact on serum folate. 

International Journal of Laboratory Hematology 
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Our study has limitations. The a priori sample size was powered on changes in 

acute phase protein biomarkers, but the study group was relatively small and 

may have been under-powered for assessing changes in Vitamin B12 biomarkers 

and serum folate and therefore subject to type 1 and type 2 statistical errors 

respectively. The effect on haematinic biomarkers was studied two days after 

elective surgery, and the longer term effect of an A R on haematinic 

biomarkers remains to be clarified. Although most unlikely, it is possible that 

the effect on haematinic markers by an A R elicited by orthopaedic surgery 

reported in this study may not be applicable to A Rs triggered by other 

inflammatory insults 

In summary, we confirm the effects of the A R on biomarkers of iron status. 

We report that an A R lowers serum folate but has no effect on biomarkers of 

vitamin B12 status. This indicates that routine laboratory biomarkers of iron 

and folate status may be unreliable in acute illness. The laboratory assessment 

of vitamin B12 status, however, is unaffected by acute illness. 

International Journal of Laboratory Hematology 
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