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  BACKGROUND 
 This case is important as it shows that highly sensitive 
C-reactive protein (hsCRP) measurement can be of consid-
erable help in the diagnosis of maturity onset diabetes of 
the young (MODY). 

 MODY is a rare monogenic form of diabetes that affects 
1%–2% of diabetes. It is usually misdiagnosed as either 
type 1 diabetes (T1D) in young slim patients or type 
2 diabetes (T2D) in the older or obese patient who is non 
insulin dependent. 1  Making a diagnosis of MODY is cru-
cial for optimal management. Patients with both hepato-
cyte nuclear factor 1-α (HNF1A) and HNF4A-MODY are 
extremely sulphonylurea sensitive, up to four times more 
so than patients with T2D. 2  Low dose sulphonylureas 
are the fi rst line treatment in patients with HNF1A- and 
HNF4A-MODY, in contrast to metformin in T2D. No treat-
ment is required routinely in glucokinase (GCK)-MODY. 

 A diagnosis of MODY can be made by molecular genetic 
sequencing of the common genes that cause MODY, 
HNF1A (52% cases with a genetic diagnosis), HNF4A 
(10%) and glucokinase (GCK, 32%). 1  Genetic testing is 
expensive so combined clinical features, biochemical and 
immunological biomarkers are needed to help the clinician 
identify which patients are most appropriate for genetic 
testing.  

  CLINICAL FEATURES OF MODY 
 Patients with MODY have unique clinical features but 
these can overlap with T1D and T2D. 

 MODY is an autosomal dominant, familial form of 
diabetes, in which diabetes is usually seen in at least one 
family member diagnosed under 25 years, with features of 
non-insulin dependency. 3  However, parental family history 
may also occur in T1D (13%) and T2D (80%). 4   5  Rising 

obesity also means that there are obese patients with T1D 
and MODY, and we now see paediatric patients with T2D. 
In the paediatric age range all of these forms of diabetes are 
diagnosed young and will not be insulin dependent if T2D 
or T1D in the honeymoon period. 

 Other clinical features can point towards a diagnosis of 
MODY, but are not specifi c enough to be used in isola-
tion. Macrosomia (in 50%) (average increased birth weight 
800g) and transient neonatal hypoglycaemia (in 15%) 
occur in HNF4A-MODY, but may also be seen in infants of 
diabetic mothers (T1D and T2D) due to maternal hyper-
glycaemia. In HNF1A-MODY, a low renal threshold for 
glucose results in glycosuria at minimally raised blood 
glucose levels (<8 mmol/l) due to decreased renal glucose 
reabsorption, but glycosuria is no longer routinely used to 
assess diabetes in young patients. An increased risk of car-
diovascular mortality can be seen in patients with HNF1A-
MODY, 6  but accelerated atherosclerosis is also a feature of 
T1D and T2D.  

  BIOCHEMICAL AND IMMUNOLOGICAL BIOMARKERS 
TO IDENTIFY MODY 
 C-peptide and islet autoantibodies are routinely available 
biomarkers that can be used to discriminate MODY from 
T1D but are not useful in discriminating MODY from T2D. 7   8  
In T1D, C-peptide declines within 5 years of diagnosis and 
islet antibodies are usually positive. 8  –  10  In MODY and T2D, 
C-peptide persists and islet antibodies are negative, 2   3   7–8   11   12  
which makes diagnosing MODY in the young obese patient 
with familial diabetes and negative islet antibodies diffi cult. 

 It has recently been shown that hsCRP is lower in 
patients with HNF1A-MODY compared with other diabe-
tes subtypes, including T2D and HNF4A-MODY. 13  –  15  This 
is because the CRP gene has HNF1A binding sites in its 
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promoter region, and transcription of the protein is under 
control of HNF1A, so a heterozygous loss of function muta-
tion in the HNF1A gene results in low levels of CRP. 16  

 We report the fi rst case in which hsCRP was used to 
confi rm both the appropriateness of MODY testing and 
the identifi cation of the correct gene to test in a family 
with a differential diagnosis of T2D.  

  CASE PRESENTATION 
  Proband 
 A 14-year-old female patient presented to her general prac-
titioner with hair thinning but without any symptoms of 
diabetes. On routine biochemical testing she was found 
to have an elevated fasting blood glucose of 9.3 mmol/l. 
She was obese with body mass index (BMI) SD score +3.2 
(99.9th centile for age and gender), and HbA1c 78 mmol/
mol (9.3%). She was born prematurely at 36 weeks ges-
tation with birth weight of 3.24 kg (91st–98th centile for 
gestation and gender).  

  Family history 
 Both parents had a clinical diagnosis of T2D. The proband’s 
mother was diagnosed aged 28 years with BMI 37 kg/m 2  
and treated initially with diet, and later with slow release 
metformin 2 g daily and vildagliptin 50 mg twice daily. The 
proband’s father was diagnosed with diabetes following a 
myocardial infarction aged 30 years at which time his BMI 
was 30 kg/m 2 . He was initially treated with metformin 850 
mg twice daily. Gliclazide 80 mg once daily was initiated 
5 years after diagnosis due to progressive hyperglycaemia. 
Gliclazide was rapidly discontinued due to treatment associ-
ated hypoglycaemia. The father’s birth weight was 5.16 kg 
(>99.6th centile for age and gender). There was a fi ve gen-
eration family history of diabetes on the father’s side, and 
two generation family history on mother’s side ( fi gure 1 ).  

  Provisional diagnosis 
 The initial diagnosis was familial T2D and the patient 
was commenced on metformin 500 mg once daily, later 
increased to a twice daily regimen.   

  INVESTIGATIONS 
 Initial HbA1c in the proband was 78 mmol/mol (9.3%) 
and islet antibodies (GAD and IA2) were negative. In the 
proband’s father, 10 years after diagnosis HbA1c was 83 
mmol/mol (9.7%). HsCRP was low both in the proband 
(0.1 mg/l, range 0–5 mg/l) and in the proband’s father (<0.05 
mg/l), and normal in the proband’s mother (CRP 3 mg/l). 

 DNA sequencing revealed a known pathogenic hetero-
zygous HNF1A gene mutation, p.R203H (c.608G>C) in the 
proband and the father, but no mutation in the mother. 
This confi rmed a diagnosis of HNF1A-MODY in the 
proband and her father. This led to genetic testing in the 
paternal grandmother which also confi rmed the presence 
of the same HNF1A mutation.  

  DIFFERENTIAL DIAGNOSIS 
 Young-onset T2D and MODY were the main differen-
tial diagnoses in this family (table 1). Familial non-insulin 
dependent diabetes can be seen in both MODY and T2D 
but having two affected parents is more likely in young-
onset T2D. 17  The presence of marked obesity in the child 

also makes T2D more likely. 18  HNF1A or HNF4A-MODY 
was suggested by the marked sulphonylurea sensitivity 
at a standard dose in the proband’s father. The increased 
birth weight in the patient and her father is a feature 
of HNF4A-MODY and not HNF1A-MODY although 
maternal hyperglycaemia is likely to contribute to this as 
well. 19  

 The key feature pointing to this being HNF1A-MODY 
(and not T2D or HNF4A-MODY) was the hsCRP being 
low in the proband and the father especially as this is typi-
cally normal or elevated (>0.75 mg/L) in T2D, as seen in 
the mother. The molecular genetic testing of HNF1A con-
fi rmed the diagnosis.  

  TREATMENT 
 Following confi rmation of HNF1A-MODY, the proband 
and father were started on sulphonylureas because 
patients with HNF1A-MODY are four times more sensi-
tive to the glucose lowering effects than matched patients 
with T2D. 2   

  OUTCOME AND FOLLOW-UP 
 The proband changed treatment from metformin to gli-
clazide 80 mg a.m./40 mg p.m. (with improvement in HbA1c 
from 77 mmol/mol (9.2%) to 61 mmol/mol (7.7%). 

 The proband’s father was treated with metformin 1850 
mg/daily in divided doses. After the diagnosis of HNF1A-
MODY was made gliclazide 40 mg once daily (half a 
tablet) was added, with an improvement in HbA1c within 3 
months of changing treatment from 83 mmol/mol (9.7%) to 
55 mmol/mol (7.2%).  

  DISCUSSION 
 We report a case where hsCRP was able to determine 
whether genetic sequencing was appropriate in a patient 
whose main differential diagnosis was familial T2D and 
that HNF1A was the correct gene to test. 

  HsCRP to discriminate MODY from T2D 
 In our case, the low plasma hsCRP levels (≤0.1mg/l) in the 
proband and the proband’s father increased the likelihood 
of HNF1A-MODY, and the normal hsCRP (3 mg/l) in the 
proband’s mother made a diagnosis of HNF1A-MODY less 
likely. 

 Owen  et al  fi rst reported that hsCRP was lower in 
HNF1A-MODY compared with other diabetes types. 14  
Two further studies have now replicated these fi ndings. 13   15  
In these studies hsCRP levels <0.2–0.75 mg/l discriminated 
HNF1A-MODY from T2D. 13  –  15  We used the same assay as 
McDonald  et al  (Roche Modular P800, Roche Diagnostics, 
Burgess Hill, UK), in which hsCRP<0.75 mg/l discriminated 
MODY from T2D with 79% sensitivity and 71% specifi -
city. 15  The very low levels of hsCRP in the proband and 
the proband’s father along with a history of sulphonylu-
rea sensitivity increased the likelihood of HNF1A-MODY, 
which was then confi rmed on genetic sequencing. In the 
proband’s mother, the hsCRP of 3 mg/l made a diagnosis 
of HNF1A-MODY less likely.  

  Discriminating HNF1A from HNF4A-MODY 
 Presence of greatly increased birth weight in the proband 
and proband’s father suggested HNF4A-MODY was likely 
but in this case the low hsCRP made HNF1A-MODY 
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 Figure 1    Partial family tree. Current age (age of diagnosis, Dx) years, body mass index and current treatment are indicated below the 
symbol, where known. Glic, gliclazide, Met, metformin, Vild, vildagliptin. The arrow indicates the proband.    

more likely. McDonald  et al  suggest that using a lower 
hsCRP cut-off of <0.55 mg/l helps discriminate HNF1A 
from HNF4A-MODY, with 71% sensitivity and 70% spe-
cifi city. 15  HNF1A-MODY was subsequently confi rmed in 
the proband and her father. Large for gestational age in 
the proband and her father may be explained by maternal 
hyperglycaemia in pregnancy even though a formal diag-
nosis of gestational diabetes was not made.  

  Implications of making a diagnosis of MODY 
 Making a correct diagnosis of MODY rather than T2D 
had implications for the whole family. A genetic diagnosis 
of MODY resulted in treatment change from metformin 
to sulphonylureas in the proband and her affected father, 
with improvement in glycaemic control. Her diagnosis is 
important for genetic counselling of the risk of any off-
spring she might have in the future.  
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  Cautions of using hsCRP 
 Caution is needed when interpreting CRP for use as a 
diagnostic test in diabetes. In adult patients the preva-
lence of HNF1A-MODY is much lower than T2D. This 
means that the majority of adult patients with a low 
hsCRP are still likely to have T2D. CRP should be used in 
conjunction with other clinical features and is not recom-
mended for use in isolation. In children, the prevalence 
of T2D and HNF1A-MODY is similar. 20  CRP is likely to 
be lower in children than adults but its use as a discrimi-
natory tool in diabetes has not been tested in paediatric 
patients, and further studies are needed before its wide-
spread use. 

 CRP is an inflammatory marker and can be increased 
during periods of infection or inflammation. For this 
reason, studies assessing hsCRP as a diagnostic tool to 
discriminate diabetes subtypes excluded patients with 
CRP >10 mg/l. If the CRP is elevated in a patient it 
would be advisable to repeat the result after a period of 
time, and should not be measured during any intercur-
rent illness. 

 In summary, hsCRP is a cheap, routinely available 
biomarker that can help discriminate HNF1A-MODY 
from familial T2D and result in appropriate requesting of 
molecular genetic testing. 

  Learning points 

 ▶    MODY is frequently misdiagnosed as T1D or T2D.  
  Making a diagnosis of MODY is crucial for optimal  ▶

management of the patient’s hyperglycaemia 
as HNF1A-MODY patients are very sensitive to 
sulphonylureas.  
  HsCRP can be used to discriminate HNF1A-MODY from  ▶

T2D, as well as HNF4A and GCK-MODY.       
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Table 1 Clinical characteristics of proband and typical features seen in HNF1A-MODY and type 2 diabetes (T2D) in young adults

 Diabetes Type

 Proband HNF1A-MODY Type 2 diabetes

Age of diagnosis (years) 14 Teens-young adulthood Typically >35 but can be seen in children
Parent affected Both One One or both
Insulin dependent No No No
Obesity Marked Background population Marked
Ethnicity Low prevalence T2D population Low prevalence T2D population High prevalence T2D population
Sulphonylurea sensitivity Yes Yes No
hsCRP (mg/l) 0.1 <0.75 >0.75

hsCRP, highly sensitive C-reactive protein; T2D, type 2 diabetes.
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