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Elevated serum free light chains predict 
cardiovascular risk in type 1 diabetes mellitus 
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Abstract
Aims: Increased serum polyclonal combined immunoglobulin
free light chain (cFLC = FLCκ+FLCλ) has been shown to pre-
dict cardiovascular (CV) events in South Asians with type 2
diabetes mellitus. We examined whether cFLC also predicted
CV risk in unselected patients with type 1 diabetes mellitus.   
Methods: cFLC was estimated in the serum of 55 adults with
type 1 diabetes mellitus. CV risk was measured through two
validated risk engines: Q-Risk and PROCAM. Statistical asso-
ciation was tested using the parametic Pearson’s or the
Spearman’s rank correlation coefficient test, Student t-test
or Mann-Whitney U-test and Kruskall-Wallis test for para-
metric or non-parametrically distributed data accordingly.   
Results: cFLC was associated with CV risk. This association
was significant when estimated through either risk engine
(PROCAM p=0.003, Q-Risk p=0.012). cFLC was associated
with diabetes mellitus duration (p=0.003), age (p=0.006) and
history of cardiac disease (p=0.042). 
Conclusions: These findings indicate that cFLC is a marker of
CV risk in people with type 1 diabetes mellitus. Moreover, it
supports emerging data demonstrating cFLC as a prognostic
indicator for mortality.    
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Introduction
Immunoglobulins are comprised of two heavy and two light
chains, although the latter are synthesised in excess by the plasma
cells hence existing as combined free light chains (cFLC, sum of
total FLCκ and FLCλ, the two light chain isoforms) in the serum.1

Monoclonal FLC – or Bence Jones proteins – are elevated in mul-
tiple myeloma1 whereas increased polyclonal cFLC is associated
with inflammatory conditions and disease activity, as demon-
strated in rheumatoid arthritis and systemic lupus erythemato-
sus.2-4 Indeed, elevated polyclonal serum FLC can arise by two
principal mechanisms: renal impairment and/or chronic immune
stimulation, as observed in diabetes patients with cardiovascular
disease,5 which are all prominent complications of diabetes. Fur-
thermore, FLC have been shown to exert independent biological
functions rather than conferring simple bystander effects.6

Elevated cFLC are associated with increased mortality in the
general population7,8 and are predictive of cardiovascular events in
South Asian patients with type 2 diabetes mellitus.9 People with
type 1 diabetes mellitus differ from those with type 2 diabetes mel-
litus because they are younger, and their condition results from a
chronic autoimmune inflammatory destruction of beta cells. We
examined whether cFLC also predicted cardiovascular risk in
patients with type 1 diabetes mellitus.

Methods
We explored cFLC and cardiovascular risk in patients with dia-
betes from the Chronic Disease Research (CDR) into Diabetes
study.10 The CDR is based in the West Midlands region of the UK
and is designed to explore the natural history of diabetes and its
complications. Demographic (age, gender, diabetes and smoking
history, medical therapy, past and family history of heart disease,
medical history) and clinical (BP, height, weight) data as well as
biological samples were obtained from all consenting and par-
ticipating patients. The Q-Risk and PROCAM scores were calcu-
lated to determine each patient’s risk of cardiovascular disease.
These are validated risk engines for estimating cardiovascular risk
and allow inclusion of the cardiovascular risk associated with
diabetes.

Serum cFLC were measured on a monoclonal antibody-based
multiplex assay, as previously described,11 using a Luminex®

instrument where the fluorescent signal intensity was inversely
correlated with κ or λ FLC concentration.6 This assay has good
sensitivity and reproducibility.11

We undertook parametric statistical analyses using Excel
2013. Pearson’s correlation coefficient was used to determine
correlations between cFLC and continuous variables such as age
and duration of diabetes. For categorical variables with two
groups (e.g. presence or absence of cardiac disease), an F-test
was used to determine variance between the two groups, fol-
lowed by an equal or unequal variance t-test to determine
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significant differences in cFLC between the groups. An ANOVA
test was performed for categorical variables with more than two
groups.

Non-parametric statistical analysis using SPSS V.9 software
was then undertaken to confirm the reliability of these findings.
The tests used were Spearman’s rank correlation coefficient for
continuous variables, Mann-Whitney U-test for categorical vari-
ables with two groups and the Kruskall-Wallis test for categorical
variables with more than two groups. 

Age data were available in the CDR database as an age range
only. Hence, given the ordinal nature of these age data, a Jon-
ckheere-Terpstra test was performed, which is a rank-based non-
parametric statistical test used to determine any significant
differences between the continuous variable cFLC and the
ordinal age groups.

Results
cFLC was measured in 55 patients with type 1 diabetes mellitus
(28 male, mean age 47). The majority (92%) were white Cau-
casians. FLCκ and FLCλ ratios were not abnormal in any of the
patients, thus excluding monoclonal gammopathy as an under-
lying cause for increased cFLC. All data required for analysis were
available for 44 of the 55 patients.  

cFLC was associated with duration of diabetes (r²=0.127
p=0.003, assessed as a continuous variable), age (p=0.006, as-
sessed using ordinal data) and history of cardiac disease
(p=0.042). cFLC was not associated with smoking, statin or BP
therapy, family history of ischaemic heart disease, HbA1c, eth-
nicity or body mass index. Unlike type 2 diabetes mellitus,9 there
was no association between cFLC and cholesterol (r²=0.029,
p=0.750) or systolic BP (r²=−0.099 p=0.140) in type 1 diabetes
mellitus. 

Serum cFLC was strongly associated with cardiovascular risk,
and this association was significant when estimated through
either risk engine (PROCAM: r²=0.393, p=0.003; Q-Risk:
r²=0.408, p=0.012; Figure 1). 

Furthermore, the significant associations between cFLC and
diabetes duration, PROCAM and Q-risk 10-year scores remained
after patients with a past medical history of ischaemic heart
disease were excluded from the parametric and non-parametric
statistical analyses.

There was no association between elevated cFLC and renal
disease as measured by urinary albumin creatinine ratio.

Discussion
We show for the first time in people with type 1 diabetes mellitus
that cFLC are associated with the risk of cardiovascular disease. This
supports findings from a similar study in a defined ethnic subpop-
ulation with type 2 diabetes mellitus9 and expands this to a more
generalised UK population. It also supports studies in the general
population where cFLC are associated with the risk of all-cause mor-
tality.7,8 The potential for reverse causation was addressed through
a separate analysis that excluded patients with an established his-
tory of ischaemic heart disease. 

However, this remains a cross-sectional study and needs to
be validated in a larger cohort of patients and in a prospective
manner. cFLC may play an important role in refining current risk
algorithms of cardiovascular risk in people with type 1 diabetes
mellitus. Cardiovascular disease is the commonest cause of death
in type 1 diabetes mellitus in the Western world, and current risk
engines are based on studies in the general population or in peo-
ple with type 2 diabetes. Potential biomarkers of cardiovascular
risk in patients with type 1 diabetes are therefore worthy of
further investigation.

Figure 1. Association of serum cFLC with cardiovascular risk estimated through two risk engines (PROCAM and Q-Risk)
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cFLCs are manufactured and secreted by B cell lymphoid lin-
eage cells during normal immunoglobulin production, where
nearly twice as many light chains are generated in the cytoplasm
compared with heavy chains.12 It is proposed that this prevents
toxicity from free heavy chain accumulation.13 The serum cFLC
reference range in healthy donors is approximately 3–19 mg/L
for FLCκ and 6–26 mg/L FLCλ.14 Serum polyclonal cFLC may be
elevated above normal by two principal mechanisms: renal im-
pairment and immune stimulation. Unlike whole immunoglob-
ulin that is cleared from the bloodstream by cellular catabolism
with a half-life of approximately one week (IgA, IgM) to three
weeks (IgG), cFLCs are cleared by the renal glomeruli and
metabolised in the proximal tubules of the nephrons and have a
shorter half-life of approximately two hours (κ) to four hours (λ).
Thus, as a consequence of renal impairment, serum cFLC are
elevated and show strong positive correlations with creatinine,
cystatin-C and disease staging (e.g. chronic kidney disease).2

There was no evidence in our analysis to suggest that the ele-
vated cFLC could be explained by renal impairment. 

cFLCs may also be secreted to exert independent biological
functions.6 As such, chronic activation of the immune system, as
is seen with cardiovascular disease, gives rise to elevated levels
of both whole immunoglobulin and cFLC. Therefore, the chronic
inflammation associated with cardiovascular risk may explain the
increased cFLC seen in our study. 

The association we describe may potentially be causative.
cFLCs may possess an atherogenic property that contributes in-
dependently to the pathogenesis and acceleration of cardiovas-
cular disease rather than simply acting as a biomarker of disease.
Either way, this analysis suggests that understanding the associ-
ation between elevated cFLC and cardiovascular risk in type 1
diabetes mellitus could refine current risk stratification strategies
for cardiovascular disease and/or herald novel therapies to ame-
liorate the condition.
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Key messages

• Elevated Free Light Chains are a marker of 
cardiovascular risk in patients with type 1 diabetes

• Increased duration of diabetes, advancing age and 
cardiovascular disease are associated with elevated
Free Light Chains in patients with type one diabetes

• Free Light Chains is a prognostic indicator of 
morbidity and mortality in type one diabetes and 
warrants further investigation
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