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The sugar absorption test is a non-invasive test for in-

vestigating intestinal permeability by simultaneous

measurement of four probe sugars. In this study, we

evaluated the utility of raffinose, lactose, sucrose and

mannitol as probe sugars and calculated their urinary

recovery as a percentage of ingested dose (mol/mol)

and the recovery ratios of raffinose/mannitol, lactose/

raffinose and sucrose/raffinose. The reference ranges

for these ratios, established from 39 healthy volun-

teers, are 0.005–0.015, 0.13–0.63 and 0.09–0.47, re-

spectively. This sugar absorption test was performed

in three patient groups. i) In 109 patients with aspecific

gastrointestinal symptoms of whom intestinal histol-

ogy was studied by duodenal biopsies: the urinary raf-

finose/mannitol recovery ratio highly correlated with

gradation of duodenal damage; the sensitivity and

specificity of the raffinose/mannitol ratio for detection

of intestinal damage were 93% and 91%, respectively,

using a cut-off level of 0.020. ii) In 70 patients in whom

intestinal lactase activity was investigated by the lac-

tose tolerance test: the urinary lactose/raffinose re-

covery ratio provided high diagnostic accuracy for hy-

polactasia (sensitivity 81% and specificity 89% at a

cut-off level of 0.70). In analogy with the lactose/raffi-

nose ratio, we suppose that the sucrose/raffinose ratio

can be used as a marker of hyposucrasia. iii) In 40 pa-

tients with localized small intestinal damage, Crohn’s

disease of the ileum (n = 21) and celiac disease with

histologically proven duodenal damage (n = 19): the

raffinose/mannitol recovery ratio was increased in

100% of patients with celiac disease and in 81% of pa-

tients with Crohn’s disease; increased lactose/raffi-

nose recovery ratio (hypolactasia) and increased su-

crose/raffinose (hyposucrasia) were present in 89%

and 95% of celiac patients and 19% and 0% of Crohn’s

disease patients, respectively. The combination of the

raffinose/mannitol ratio and sucrose/raffinose ratio

appears to be an indication of the distribution of in-

testinal damage. Clin Chem Lab Med 2003; 41(8):1056–

1063
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Introduction

The differential sugar absorption test (SAT) has increas-

ingly been applied for detection of small intestinal dis-

eases. The principles of this test are based on the obser-

vation that patients with villous atrophy, caused by e.g.,

celiac disease (1–3), giardiasis (1) or gastroenteritis (4),

have a diminished permeability for small sugar mole-

cules such as mannitol, rhamnose and arabinose. The

decreased absorption of the monosaccharides is as-

cribed to reduced intestinal absorptive area and in this

way a decrease in the transcellular transport. These pa-

tients, however, show an increased permeability of di-

saccharides such as lactulose (2, 5, 6), cellobiose (1, 3, 7)

and the trisaccharide raffinose (8). The oligosacchari-

des are solely taken up through intercellular tight junc-

tions or cell extrusion zones of the villous tip (9), and not

through transcellular transport. The mentioned mono-

saccharides and oligosaccharides are poorly metabo-

lized and rapidly cleared in the urine (10). Thus, the uri-

nary recovery ratio of oligosaccharide/monosaccharide

increases in the case of diminished small intestinal in-

tegrity. When both such sugars are administered in the

same drink and the percentages of the ingested dose

recovered in urine are expressed as a ratio, many inter-

fering factors, such as gastric emptying, dilution by se-

cretions, rate of transit, renal clearance and urine

collection, are eliminated (7).

Urinary recovery ratios of cellobiose/mannitol, lac-

tulose/mannitol, lactulose/rhamnose and raffinose/

L-arabinose have all been described to be an index for

intestinal permeability. The lactulose/mannitol ratio is

most widely used in practice. However, because of the

promising results described by Lobley et al. (8) with re-
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spect to excellent separation of celiac patients from

control subjects using raffinose as probe sugar, we

have chosen to evaluate the raffinose/mannitol (Raf/

Man) ratio as an index for intestinal permeability. Fur-

ther, raffinose can be measured enzymatically with the

same reagents as used for sucrose after pretreatment

of urine with α-galactosidase (11). In order to investi-

gate the clinical utility of the Raf/Man ratio for intestinal

permeability, the SAT was performed in 109 patients

with gastrointestinal (GI) symptoms and their medical

records were reviewed. The results were compared

with the histological findings of duodenal biopsies. 

The disaccharides lactose and sucrose are digested

by intestinal lactase (EC 3.2.1.23) and sucrase (EC

3.2.1.48). Lactose (β-D-galactopyranosyl-α-D-glucopy-

ranoside) is degraded into glucose and galactose and

sucrose (β-D-fructofuranosyl-α-D-glucopyranoside)

into glucose and fructose. The enzymes are localized

on the villous enterocytes of the intestinal brush bor-

der. Lactase is present at the highest concentration in

the first years of life (until about 5 years) and declines

in adult life to about 10% of that found in the newborn

period, whereas sucrase is present at a constant con-

centration during life. Lactase activity is found in a

proximal to distal gradient in the small intestine with

high activity in the jejunum and low activity in duode-

num and ileum (12). Low intestinal lactase levels will

result in dumping and fermentation of lactose in the

colon and often leads to intestinal discomfort and diar-

rhea (13). There are well-known racial and ethnic differ-

ences in adulthood lactase activities, with relatively

high activity present in Northern European populations

and very low activity in the majority of Asian and

African populations (primary hypolactasia). Adulthood

lactase activity is believed to be regulated at the tran-

scriptional level (14). Secondary hypolactasia is the re-

sult of mucosal damage. The degree of hypolactasia,

measured as enzyme activity in distal duodenal biop-

sies, is related to the degree of villous atrophy (15, 16).

Lactase activity can be determined directly by measur-

ing its activity in intestinal biopsies or indirectly by

non-invasive lactose tolerance tests (LTT). In the latter

tests, lactose degradation or absorption is measured

after a standard dose of lactose (25 or 50 g lactose). The

rate of lactose degradation can be monitored by

changes in blood glucose (17) or H2 production re-

leased during lactose fermentation (lactose breath hy-

drogen test). Lactose absorption can be monitored by

urinary lactose excretion in a SAT (4, 8, 18, 19). Various

investigators have shown that a combined SAT, using

lactose/lactulose or lactose/raffinose (Lac/Raf), can po-

tentially recognize hypolactasia in humans (8, 18, 19)

and in rats (20). The principle of this differential SAT is

based on the finding that recovery of intact disaccha-

rides in urine is inversely related to their rate of intesti-

nal hydrolysis. In order to investigate the clinical utility

of the Lac/Raf ratio as a marker of hypolactasia, both

the SAT and the LTT (plasma glucose response) were

performed in 70 patients with GI symptoms.

Since raffinose is not metabolized in the small intes-

tine its absorption is independent of the location of the

intestinal damage. On the contrary, sucrose and lac-

tose are degraded by sucrase and lactase in intact prox-

imal small intestine. As assumed above, proximal or

entire damage of the gut associated with hypolactasia

and hyposucrasia will result in higher increased su-

crose and lactose relative to raffinose absorption with

concomitant increased Lac/Raf and sucrose/raffinose

(Suc/Raf) recovery ratios. However, when intestinal

damage is solely limited to the ileum, lactose and su-

crose will proximally be degraded with concomitant

normal/low Lac/Raf and Suc/Raf and increased

Raf/Man recovery ratios. In order to investigate these

assumptions, the SAT was performed in patients with

Crohn’s disease of the ileum (n = 21) and celiac disease

with abnormal duodenal biopsy (n = 19).

Raffinose, lactose, sucrose and mannitol concentra-

tions in urine were measured by enzymatic analysis

(11) and the Raf/Man, Suc/Raf and Lac/Raf recovery ra-

tios were calculated from the recoveries of the ingested

dose. Reference values have been established from

39 healthy volunteers. 

Materials and Methods

Reagents

D(–) mannitol was obtained from OPG (Utrecht, The Nether-

lands), D(+) raffinose pentahydrate from Fluka (Buchs,

Switzerland), lactose monohydrate and sucrose from Bufa

(Uitgeest, The Netherlands). The reagents used for enzymatic

measurement of the probe sugars have previously been de-

scribed by us (11). Plasma glucose concentration was deter-

mined on a Hitachi analyzer with a standard glucose dehydro-

genase assay of Roche (Mannheim, Germany). Reagents for

determination of immunoglobulin A (IgA) gliadin and en-

domysium were obtained from Pharmacia (Woerden, The

Netherlands).

Subjects and clinical examination 

The SAT was performed in a group of 109 adult patients

(35 male, 74 female; median age 49 years, range 22–83 years)

with GI symptoms during the period of 1996 until 1999. The

diagnostic approach consisted of anamnesis and physical

examination and on indication determination of IgA gliadin

and/or endomysium antibodies; stool examination for fat ex-

cretion and microscopic analysis for parasites and cysts using

the Ridley concentration method; dietary restriction for lac-

tose or lactose challenge; sonography of the upper abdomen

and X-ray of the small and large bowels. When no patholo-

gical process could be found the patients were diagnosed as

having irritable bowel syndrome (IBS) when they fulfilled the

criteria for IBS as described by Manning et al. (21). Gastro-

duodenoscopies with biopsies were taken in all cases and

their medical records were reviewed. The second group con-

sisted of 70 patients (24 male, 46 female, median age 47 years,

range 18–78 years) with gastrointestinal symptoms suspect

for lactose intolerance. Both the SAT and, within 3–5 days, the

LTT were performed in these patients. The third group con-

sisted of 40 patients (11 male, 29 female, median age 41 years,

range 18–76 years) with previously established diagnosis;

21 patients with Crohn’s disease of the ileum (abnormal X-ray

of ileum) and 19 patients with celiac disease (presence of

gliadin or endomysium antibodies in serum and abnormal

duodenal biopsy). A group of 39 apparently healthy volun-
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teers (13 males, 25 females, median age 37 years with a range

of 24–57 years) represented the reference group.

Test protocol and laboratory methods

After a 12-hour fast, subjects emptied their bladder and

ingested the test solution. This solution contained 7 g raffi-

nose pentahydrate (11.8 mmol) and 2 g mannitol (11.1 mmol),

20 g lactose monohydrate (55.5 mmol) and 20 g sucrose

(58.5 mmol) in 150 ml of water. Lactose and sucrose were

added as probe sugars and served as osmotic fillers; the solu-

tion had an osmolarity of about 900 mosmol/l. A hyper-osmo-

lar solution discriminates better between normal and dam-

aged mucosa of the small bowel in patients with celiac

disease (22). Further, 0.1 g methylparahydroxybenzoic acid

was added as a preservative, and the solution could be kept at

room temperature for 1 year. After 2 hours subjects were stim-

ulated to drink water. Urine was collected during the following

5 hours after intake of the sugar solution in a container with

1 ml of 2% chlorhexidine solution. After measuring the urine

volume an aliquot was stored at –20 °C until analysis. No

symptoms were observed by the absorption test in subjects of

the reference group. Some patients with an abnormal absorp-

tion test had an increase in stool frequency after the test but in

no instance a change in fluid management was required. Uri-

nary recovery of the probe sugars was calculated from the

amount excreted in 5 hours collected in urine expressed as a

percentage of the oral dose (mol/mol), with which the

Raf/Man, Lac/Raf and Suc/Raf recovery ratios were calculated.

For the LTT, blood was collected for plasma glucose mea-

surement after an overnight fast. Thereafter, subjects ingested

the lactose solution (50 g lactose in 100 ml water) and blood

was collected at 15, 30, 60 and 90 min. A plasma glucose in-

crease of more than 1.4 mmol/l within 60 min was designated

as a normal response and less than 1.4 mmol/l as a flat re-

sponse. When glucose increase was highest at 90 min this

was designated as a delayed response.

Biopsy

Small bowel biopsies were performed by gastroduodenoscopy

at the level of the pars descendens duodeni. Three specimens

were collected in formaldehyde solution. The biopsies were

histologically examined by one of the authors (JvdS), who was

blinded for the results of the SAT. The intestinal mucosa has

been classed into grades I to III as previously described by Uil

et al. (6) according to the classification of Marsh (23). Grade I:

normal mucosal architecture and normal number of intraep-

ithelial lymphocytes (IELs); grade II: type 1 infiltrative lesion

(normal mucosal architecture but with an increased number of

IELs) + type 2 hyperplastic lesion (in addition to increased IELs

there is an increase in crypt depth without a reduction in villous

height); grade III: type 3 destructive lesion (a reduction in villous

height to crypt depth ratio, normally between 5:1 and 3:1; hy-

perplasia and increased IELs may be present).

Statistical analysis

Reference ranges were calculated using the parametric IFCC

method (24). Statistical differences between Raf/Man, Lac/Raf

and Suc/Raf recovery ratios from patient groups and controls

were calculated by the non-parametric Mann-Whitney U-test.

Correlation between Lac/Raf (SAT) and glucose response

(LTT) was calculated by Pearson correlation statistics. All sta-

tistical analyses were performed by using the statistical pack-

age Analyse-it (Analyse-it Ltd, Leeds, UK).

Table 1 Mean and 95% reference interval for urinary recov-

ery (%) of mannitol, raffinose, sucrose and lactose, and recov-

ery ratios of raffinose/mannitol (Raf/Man), sucrose/raffinose

(Suc/Raf) and lactose/raffinose (Lac/Raf) from 39 healthy vol-

unteers.

Mean 95% Reference interval

Recovery (%)

Mannitol 17.9 8.3–27.6

Raffinose 0.17 0.09–0.25

Sucrose 0.041 0.018–0.071

Lactose 0.062 0.028–0.095

Recovery ratio

Raf/Man 0.010 0.005–0.015

Suc/Raf 0.28 0.09–0.47

Lac/Raf 0.38 0.13–0.63

Table 2 Diagnosis of 109 patients subdivided according to duodenal histology and

urinary raffinose/mannitol recovery ratio.

Duodenal histology n Diagnosis

Grade I and raffinose/mannitol ratio ≤0.020 61 IBS (11), dyspepsia (5), hernia diaphragmatica (2), NSAID-induced GI symp-

toms (3), iron deficiency anemia e.c.i. (3), post-cholecystectomy syndrome

(2), cholelythiasis (2), bacterial overgrowth (2), lung carcinoma (1), divertic-

ulosis (3), hypothyroidism (3), type 2 diabetes (2), SLE (1), lactose intoler-

ance (4), colitis ulcerosa (1), colonic polyps (1), giardiasis (1), atrophic gas-

tritis with ulcera (2), helicobacter pylori infection (1), no diagnosis (6),

spontaneous recovery (5)

Grade I and raffinose/mannitol ratio >0.020 18 Bacterial overgrowth (2), iron deficiency anemia e.c.i. (2), giardiasis (1), vit-

amin B12 deficiency e.c.i. (2), stenosis of truncus celiacus (1), lung carci-

noma (1), chronic pancreatitis (1), Crohn’s disease (2), no diagnosis (6)

Grade II and raffinose/mannitol ratio ≤0.020 3 Diverticulosis (1), post-cholecystectomy syndrome (1), spontaneous recov-

ery (1)

Grade II and raffinose/mannitol ratio >0.020 12 NSAID-induced GI symptoms (1), celiac disease with gluten-free diet (1),

Crohn’s disease (1), MCTD (1), giardiasis (4), entamoeba histolytica (1),

Isospora belli (1), gastroenteritis (1), no diagnosis (1)

Grade III and raffinose/mannitol ratio >0.020 15 Celiac disease (9), giardiasis (4), Crohn’s disease (1), spontaneous recovery (1)
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Results

The mean values and reference ranges for urinary re-

covery of raffinose, lactose, sucrose and mannitol and

for the Raf/Man, Lac/Raf and Suc/Raf recovery ratios

obtained from 39 healthy volunteers are shown in

Table 1.

The group of 109 patients with GI symptoms was

subdivided with respect to histological classification

and their diagnoses are presented in Table 2. Figure 1

shows the Raf/Man (1A), Lac/Raf (1B) and Suc/Raf (1C)

recovery ratios from controls and patients. This Figure

shows that the degree of small intestinal damage (con-

trols; n = 39, grade I; n = 79, grade II; n = 15 and grade

III; n = 15) significantly correlates with the Raf/Man (me-

dians 0.010, 0.012, 0.037 and 0.099, respectively), the

Lac/Raf (medians 0.35, 0.57, 1.00 and 0.97, respectively)

and the Suc/Raf recovery ratios (medians 0.26, 0.39,

0.51 and 0.72, respectively). The sensitivity of the

Raf/Man recovery ratio for detection of duodenal dam-

age corresponding with grade II and III biopsies is 93%

(28/30). The specificity, calculated from the control

group is 100% and calculated from the group with GI

symptoms without duodenal damage (grade I) is 77%

(61/79). It is striking to observe that notably the Lac/Raf

and Suc/Raf recovery ratios in the group with grade I

Figure 1 Urinary recovery ratios of raffinose/mannitol (A),

lactose/raffinose (B) and sucrose/raffinose (C) from controls

(n = 39), patients with grade I (n = 79), grade II (n = 15) and

grade III (n = 15) duodenal biopsies (see text for explanation of

histological gradation). The uninterrupted lines represent me-

dian values and the dotted lines the cut-off values. Statistically

significant differences compared with controls (Mann-Whit-

ney U-test) are reproduced as * p < 0.01, ** p < 0.001.

Figure 2 Receiver operating characteristic (ROC) curve of

urinary lactose recovery (%), lactose/mannitol (Lac/Man) and

lactose/raffinose (Lac/Raf) recovery ratios (SAT). Hypolactasia

was established by plasma glucose increase (normal re-

sponse ≥ 1.4 mmol/l) post-lactose load (LTT).

Figure 3 Correlation between plasma glucose response

(LTT) and lactose/raffinose recovery ratio (SAT). Correlation

was calculated by Pearson correlation statistics.
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biopsies is highly variable with values below and

above the reference ranges (Figure 1B and C). Within

this group, Raf/Man ratios are also variable, meanwhile

less visible, with log scale with values above the refer-

ence range.

The results of the LTT could not be interpreted in 3/74

cases because of diabetes mellitus (basal plasma glu-

cose level >6.9 mmol/l) and in another case because

the basal glucose level was higher than the post-load

glucose level. Figure 2 shows the receiver operating

characteristic (ROC) curve for the percentage lactose

recovery (area under the curve (AUC) 0.74), Lac/Man

(AUC 0.84) and Lac/Raf recovery ratios (AUC 0.90). A

cut-off value of 0.70 for Lac/Raf provides the highest di-

agnostic accuracy (sensitivity 81% and specificity 89%)

for prediction of hypolactasia. This cut-off value is

close above the upper reference limit (Table 1). Figure 3

shows a statistically significant correlation (p < 0.001;

Pearson correlation coefficient –0.67; 95% CI: –0.51 to

–0.78) between plasma glucose increase (LTT) and

Lac/Raf ratio (SAT). Figure 4 demonstrates that normo-

lactasia (glucose increase of ≥1.4 mmol/l) was ob-

served in 63% (44/70) and hypolactasia (glucose in-

crease of <1.4 mmol/l or delayed glucose response) in

37% (26/70) of the cases; the Lac/Raf ratio of the nor-

molactasia group (median 0.39; range 0.11–1.19) is sig-

nificantly lower than that of the hypolactasia group

(median 0.88; range 0.31–2.42). This Figure also

demonstrates that all patients with a delayed glucose

response (n = 8) had an increased Lac/Raf ratio.

Figure 5 shows the statistically significant differ-

ences in recovery ratios between controls (n = 39),

celiac patients (n = 19) and patients with Crohn’s dis-

ease (n = 21) for Raf/Man ratio (medians 0.010, 0,195

and 0.039, respectively), Lac/Raf ratio (medians 0.35,

1.00 and 0.23, respectively) and Suc/Raf ratio (medians

0.26, 0.67 and 0.13, respectively).

Discussion

The recovery ratios, calculated from the percentage

recovery in 5 hours collected urine, of two probe sug-

ars has often been described as an index for small in-

testinal integrity. The trisaccharide raffinose (O-α-D-

Figure 4 Lactose/raffinose recovery ratio (SAT) in patients

with normolactasia (glucose increase ≥ 1.4 mmol/l) and hypo-

lactasia (glucose increase < 1.4 mmol/l). Patients with delayed

response are expressed as %. The uninterrupted lines repre-

sent median values and the dotted line the cut-off value. Sta-

tistically significant difference between both groups (Mann-

Whitney U-test) is reproduced as ** p < 0.001.

Figure 5 Urinary recovery ratios of raffinose/mannitol (A),

lactose/raffinose (B) and sucrose/raffinose (C) from controls

(n = 39), patients with Crohn’s disease (n = 21) and patients

with celiac disease (n = 19). The uninterrupted lines represent

median values and the dotted lines the cut-off values. Statisti-

cally significant differences compared with controls (Mann-

Whitney U-test) are reproduced as * p < 0.01, ** p < 0.001.
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galactopyranosyl(1,6)-α-D-glucopyranosyl-β-D-fructo-

furanoside) is a plant sugar and fulfills the require-

ments for a probe sugar (8). Raffinose is absorbed by

unmediated diffusion and is not present to a significant

extent in fasting urine (8, 10). Absorption of raffinose in

the small intestine is about 100-fold less than of manni-

tol, normally being 0.17% and 18% of the ingested

dose, respectively (Table 1). This is comparable with

the excretion of raffinose described by Lobley et al. (8).

The absorption of raffinose is lower than described for

lactulose, giving lower Raf/Man (mean 0.010) than lac-

tulose/mannitol ratios (mean about 0.020) (2, 5, 22).

This is most likely attributed to the larger molecular

size of raffinose compared with lactulose. The 3- and 4-

fold lower urinary excretion of lactose and sucrose can

be explained by the fact that their rate of absorption is

dependent on both degradation by intestinal enzymes

and intestinal permeability.

There is a good correlation between the Raf/Man re-

covery ratio and the degree of villous atrophy with al-

most complete separation between controls and pa-

tients with grade II/III biopsies (Figure 1) and between

controls, patients with Crohn’s disease and celiac dis-

ease (Figure 5). With ROC curve analysis a cut-off value

of 0.020 provides an optimal combination of highest

sensitivity and specificity. The excellent sensitivity of

93% for the Raf/Man ratio makes this test an ideal

screen for small intestinal damage. This may influence

the necessity of duodenal biopsies. Although no histo-

logical abnormalities were observed in the duodenal

biopsies (grade I) the Raf/Man ratio was increased in

18/79 cases, resulting in a specificity of 77%. Three pos-

sible explanations for this somewhat disappointing

specificity can be given: i) The Raf/Man ratio is not spe-

cific for small intestinal damage but may also be in-

creased in other diseases. This could be a possible ex-

planation for only 1 patient with pancreatitis. ii) The

Raf/Man ratio is more sensitive than the small intesti-

nal biopsy. It has been shown, although the intestinal

biopsy may be normal in routine microscopy, that

there is often a change in morphometry when analyzed

with a computerized measuring facility (25). This

might, at least partly, be an explanation especially for

mild disturbances in the villous layer and slightly in-

creased Raf/Man ratios; iii) The gastrointestinal dam-

age is located in the distal part of the small intestine. In

that case the Raf/Man ratio will be increased despite

normal duodenal histology (see below).

Several authors have suggested that sucrose is a

marker of gastric damage (26, 27). However, Meddings

et al. (20) have shown that the highest sucrose excre-

tion rates were observed in rats with severe damage in

the entire gastrointestinal tract induced with high dose

indomethacin. Considering the much smaller surface

area and shorter contact time of the probe sugars in the

stomach it may be concluded that the degree of su-

crose excretion rate is mainly dependent on small in-

testinal integrity and not, or to a much lesser extent, to

gastric damage. Because of the normally present high

sucrase and lactase activity in proximal intestine and

diminished activity during villous atrophy (16), in-

creased sucrose and lactose excretion rates would be

expected in intestinal disorders associated with proxi-

mal damage. The disaccharides sucrose and lactose

are believed to be absorbed via intercellular tight junc-

tions in the same way as raffinose. Thus, the recovery

ratios Lac/Raf and Suc/Raf are solely dependent on in-

testinal lactase and sucrase activity. Lactose/lactulose

(or lactose/raffinose) and sucrose/lactulose (or su-

crose/raffinose) have previously been proposed to be

markers for hypolactasia and hyposucrasia, respec-

tively (4, 8, 18, 19). However, until now no literature has

been available about comparison of the SAT and the

LTT. In the present study we demonstrate a highly sig-

nificant inverse correlation between glucose increase

following LTT and Lac/Raf recovery ratio (Figure 3). A

cut-off value of 0.70 for the Raf/Man ratio provides

good diagnostic accuracy for detection of hypolactasia

with a sensitivity and specificity of 81% and 89%, re-

spectively. As supposed, the Lac/Raf ratio is a better

measure for hypolactasia (highest AUC) than percent-

age lactose recovery or Lac/Man ratio (Figure 2). Explo-

ration of hypolactasia is of importance for diagnostic

purposes and for follow-up in patients with celiac dis-

ease (15, 28). In analogy, with an arbitrary chosen cut-

off value of 0.50 (close above upper reference limit;

Table 1) the Suc/Raf recovery ratio is proposed to be a

good marker for hyposucrasia.

Primary hypolactasia is defined as genetically deter-

mined low lactase and normal sucrase activity. In-

creased lactose/lactulose ratio and decreased intestinal

lactase activity (or low lactase/sucrase activity ratio) is

invariably observed in patients with proven primary

hypolactasia (19). In our study, 6/70 patients had the

combination of increased Lac/Raf, normal Suc/Raf and

normal Raf/Man ratios (data not shown), highly sug-

gestive for primary hypolactasia and 6/6 patients had a

flat LTT (median glucose increase 0.6 mmol/l; range

0.3–0.9 mmol/l). Potentially, this differential SAT may

be able to distinguish between primary and secondary

hypolactasia. As we have not measured intestinal en-

zyme activities, further studies are necessary to sup-

port this hypothesis.

Secondary hypolactasia and hyposucrasia are

caused by decreased enzyme activity as a consequence

of intestinal damage: all patients (n = 8) with delayed

glucose response (highest glucose at 90 min) had in-

creased Raf/Man, Lac/Raf and Suc/Raf ratios (data not

shown), compatible with decreased enzyme activity

secondary to intestinal damage. Additionally, hypolac-

tasia and hyposucrasia were observed in 80% (12/15)

and 87% (13/15) of patients with grade III biopsies (Fig-

ure 1B and C) and 89% (17/19) and 95% (18/19) of celiac

disease patients (Figure 5B and C), respectively. These

observations are compatible with those described by

Meddings et al., who documented increased sucrose/

lactulose ratios in duodenal damage in rats treated

with low doses of aspirin or indomethacin (20). How-

ever, our results are significantly better than described

by others: about half of the celiac patients had an ab-

normal/flat LTT (28) or increased lactose/lactulose ratio

(19), despite severely depressed enzyme activities in
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small intestinal biopsies. In another study, only 65% of

celiac patients with villous atrophy, 15% with giardiasis

and 6% with villous atrophy associated with non-celiac

histology, had low intestinal disaccharidase levels (29).

This is generally ascribed to the fact that mucosa is

most damaged proximally in the small bowel. The

biopsy specimen only reflects the condition at the liga-

ment of Treitz, while LTT and SAT measure the lactose-

hydrolyzing capacity of the entire small intestine (19,

28). Another possibility might be that raffinose is a bet-

ter probe sugar than lactulose because of its lower uri-

nary recovery in controls and smaller reference range

than lactulose. Further, urinary probe sugars at micro-

molar concentrations need to be measured with high

accuracy, because errors are multiplied when calculat-

ing ratios. This can be achieved by using enzymatic

methods (11). Possibly, chromatographic methods are

not sufficient for this purpose.

It is worthwhile to mention that 19% (13/70) of pa-

tients in the LTT study had increased Lac/Raf and

Suc/Raf ratios, despite normal Raf/Man ratios, indicat-

ing hypolactasia and hyposucrasia without intestinal

damage. An appropriate flat glucose response was ob-

served in 9/13 patients (median 1.1 mmol/l; range

0.2–2.8 mmol/l). Further, 19% (15/79) of patients with

grade I biopsies had the same pattern, which was not

observed in controls, patients with celiac disease,

Crohn’s disease or grade II or III biopsies. Neither pri-

mary nor secondary causes can explain the loss of both

lactase and sucrase activity without intestinal damage.

It has been shown that duodenal secretions, notably

bile salts, can rapidly release all enzymes from the

brush border (30). Furthermore, carbohydrate inges-

tion, notably sucrose and fructose, induces the tran-

scription of lactase and sucrase genes (31, 32) and

malnutrition suppresses their transcription (33). The

nutritional status of our patients had not been

recorded. In addition, there are indications that at-

rophic gastritis in the elderly may play a role in lactose

intolerance (34, 35). On the other hand, increased

Lac/Raf and Suc/Raf ratios can also be ascribed to de-

creased raffinose recovery. We have established that

6/13 patients had raffinose recovery less than the low-

est reference limit of 0.09% (Table 1). It may be specu-

lated that this decrease is caused by accelerated in-

testinal transit. As lactose and sucrose recovery are

already close to zero, only raffinose recovery is af-

fected by increased transit time, causing increased

Lac/Raf and Suc/Raf ratios. Further investigations are

necessary to elucidate the causes of this proposed “ter-

tiary” hypolactasia and hyposucrasia.

The marked differences in Lac/Raf and Suc/Raf ratios

between celiac and Crohn’s disease (Figure 5) can be

ascribed to differences in location of intestinal damage:

only Crohn’s disease patients with an abnormal X-ray

of the ileum and celiac patients with abnormal duode-

nal biopsy were included. In the case of distal intestinal

damage, sucrose and lactose are already enzymatically

degraded before reaching the ileum, resulting in low

Suc/Raf and Lac/Raf ratios. On the contrary, proximal

(or entire) intestinal damage will result in increased

Suc/Raf and Lac/Raf ratios (Figure 5B and C). Thus, the

combination of increased Raf/Man and normal/low

Suc/Raf ratio (21/21 patients; Figure 5C) is compatible

with distal intestinal damage, which is an additional di-

agnostic property of the differential SAT. This combina-

tion is not specific for Crohn’s disease, but is also ob-

served in some patients with giardiasis (data not

shown). Establishment of the distribution of intestinal

damage may be of importance for the choice of therapy

for Crohn’s patients. The prolonged released formula

(e.g., Pentasa®) is also active in the small intestine,

whereas the targeted released formula (e.g., Asacol®)

disintegrates mainly in the colon (36). Interestingly,

4/21 Crohn’s patients during recovery of disease had in-

creased Lac/Raf and normal Suc/Raf ratios. It is known

that sucrase activity is more rapidly recovered than lac-

tase activity, providing a relative lactase deficiency.

The knowledge that increased Raf/Man and low/nor-

mal Suc/Raf ratios are caused by distal intestinal dam-

age explains a great part of the supposed lack of speci-

ficity of the Raf/Man ratio. Within the group of grade I

biopsies, 11/18 patients had increased Raf/Man and

low/normal Suc/Raf ratios. Taking this into account, the

specificity for detection of intestinal damage of the

combination of Raf/Man and Suc/Raf ratios becomes

91% (72/79) and the positive predictive value 80%

(28/35). The sensitivity is 93% (28/30) and the negative

predictive value 97% (72/74). These diagnostic charac-

teristics appear to be sufficient for routine clinical use

in gastroenterology. 

It is interesting to mention that we have measured ex-

tremely high Lac/Raf ratios (>10) in lactating women

and women in the third trimester of pregnancy. In addi-

tion, it is important that patients empty their bladder be-

fore drinking the test solution, because sucrose and lac-

tose may be present in fasting urine. Thus, endogenous

lactose can gives false positive results with this method.

In conclusion, this study demonstrated that i) Raf/

Man recovery ratio is an excellent measure for intesti-

nal damage with high sensitivity and specificity;

ii) Lac/Raf recovery ratio is a good index for hypolacta-

sia and iii) the combination of Raf/Man with Suc/Raf ra-

tio provides information of the distribution of intestinal

damage. In selective proximal damage the Suc/Raf ra-

tio is high and declines as damage moves distally. 
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