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Abstract

Aims: Vitamin E (Vit-E) may preferentially improve cardiovascular risk in haptoglobin 2-2 (Hp2-2) genotype diabetes
individuals. We studied the impact of Vit-E supplementation on vascular function in diabetes individuals stratified by
haptoglobin genotype in Singapore.

Methods: In this 24-week, double blind, placebo-controlled RCT, we recruited 187 subjects (101 Hp2-2, 86 non-Hp2-2).
Intervention: alpha-tocopherol-400 IU. Primary Outcome: Change in EndoPAT-derived reactive-hyperaemia index (RHI)
and augmentation index (AIx); Secondary Outcomes: Pulse-Wave velocity (Sphygmocor-PWV), carotid intima media
thickness (CIMT), inflammation (hsCRP), derivatives of reactive-oxygen metabolites (dROMs), biological antioxidant-
potential (BAPs), HbA1c, LDL-C, HDL-C and oxidised LDL-C (ox-LDL).

Results: Overall, with Vit-E supplementation no significant change in RHI, PWV, CIMT, hsCRP, dROMS, BAPs, HDL-C and
HbA1c was observed (p > 0.05); an increase in LDL-C with concomitant decrease in ox-LDL, and incidentally increase in
eGFR was observed (p < 0.05). No interaction effect with haptoglobin genotype was seen for all outcomes (p > 0.05).
Subgroup analysis: In the non-Hp-2-2 group, Vit-E supplementation led to a higher EndoPAT-derived AIx, accompanied
by higher LDL and ox-LDL concentrations (p < 0.05); Hp2-2 group: Vit-E supplementation led to higher eGFR when
compared to the non-Hp2-2 group (exploratory) (p < 0.05). We observed an interaction effect for baseline haptoglobin
concentration (threshold > 119 mg/dl) with intervention in terms of increased EndoPAT-derived AIx in the Hp >
119 mg/dl group whereas no change in the group with Hp ≤ 119 mg/dl.

Conclusion: Vit-E supplementation did not show any preferential benefit or deleterious effect on vascular function in
Hp2-2 diabetes subjects in Singapore. A possible deleterious effect of an increase in arterial stiffness in individuals with
Hp > 119 mg/dl was observed. Future studies should consider personalisation based on baseline Hp concentrations in
patients with T2DM rather than just Hp2-2 genotype to evaluate impact on the detailed lipid pathways, cardiac and
renal physiology. The impact of ethnic differences needs to be explored in greater details.

Introduction
Type 2 Diabetes Mellitus (T2DM) leads to a high dis-

ease burden due to vascular complications1. The dysme-
tabolic state in T2DM fuels low-grade inflammation and
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oxidative stress, thereby compromising vascular reactivity
and function2.
Haptoglobin (Hp), an α2-glycoprotein with strong free

haemoglobin (Hb) affinity, serves as an acute phase
reactant to inflammation and functions as an antioxidant
in chronic metabolic disorders. Hp is polymorphic with
three common isoforms: Hp1-1, Hp2-2 and Hp2-1.
Individuals with haptoglobin 2-2 (Hp2-2) genotype have
lower Hp concentrations and reduced Hb binding capa-
city3. As well, Hb-Hp2-2 complexes have lower binding
affinity for the CD163 scavenger receptor expressed by
M2 macrophages which results in a lower haem iron
clearance rate and reduced anti-inflammatory cytokine
response by macrophages compared with Hb-Hp1-1 and
Hb-Hp1-2 complexes3–5.
Among individuals with Hp2-2 genotype and diabetes,

there is accentuated demand for a high capacity Hp system
because of higher erythrocyte lysis coupled with an ineffi-
cient macrophage scavenging system3,4. Natural history
analysis from prospective cohorts has shown that Hp2-2
T2DM individuals have a higher risk of cardiovascular
complications4,5. Vitamin E (Vit-E) has been classified as a
potent antioxidant due to its ability to scavenge lipid radicals
and terminate oxidative stress reactions. Animal and post-
hoc interventional analysis from Vit-E trials have shown that
it has preferential benefits in the Hp2-2 genotype individuals
in terms of cardiovascular complications in diabetes6,7.
In one double-blind crossover study done in 20 Hp2-2

subjects (10 Vit-E/10 placebo) with T2DM, 8 weeks of
daily Vit-E 400 IU supplementation showed significant
improvement in peripheral vascular function measured as
forearm blood flow and forearm vascular resistance8.
However, since no comparison with non-Hp2-2 genotype
was made, it is not conclusive in terms of whether the
positive response is confined to Hp2-2 individuals. The
small sample size of this study also beckons for con-
firmatory studies before any clinical recommendations.
The distribution of the Hp gene frequencies follows

Hardy–Weinberg equilibrium in the multi-ethnic popu-
lation of Singapore with the expected prevalence of Hp2-2
to be around 30–40%9. We conducted a randomised
controlled trial (RCT) to study the impact of Vit-E sup-
plementation on inflammation, oxidative stress, vascular
function in diabetes individuals stratified by haptoglobin
genotype. To the best of our knowledge, this is the first
real world RCT to monitor the entire process of inflam-
mation, oxidative stress, vascular reactivity and stiffness
under longer-term, optimum dose Vit-E supplementation
in individuals stratified by haptoglobin genotype.

Methods
Study population and setting
Consecutive T2DM patients were recruited from a

tertiary diabetes centre. The inclusion criteria for

randomisation was clinical diagnosis of T2DM, age 21–80
years, stable diabetes, blood pressure (BP) and hyperlipi-
daemia medications (a 25% dose adjustment was allowed)
in the last 3 months, glycated haemoglobin (HbA1c) 6.4 to
10%, BP < 180/120 mm Hg and current non-smokers. The
exclusion criteria was inability to give informed consent,
pregnancy, hospitalisation for any condition or recent
infections (last 2 weeks), eGFR < 20mL/min/1.73 m2,
concomitant warfarin, immunosuppressive agents, corti-
costeroids, orlistat, cholestyramine or Vit-E supple-
mentation, Vit-E allergy, current smoking, malignancies
or rheumatological conditions.
The study was conducted according to the principles of

the Declaration of Helsinki. Written informed consent
was obtained from all participants. Ethics approval was
obtained from the local Institutional Review Board
[Domain Specific Review Board (DSRB Ref: 2014/00236)].
Clinical trials authorisation was obtained from the
national regulator (CTC1500174). The trial was registered
at clinicaltrials.gov NCT02776397.

Study design and randomisation
We conducted a 24-week randomised, double blind,

placebo-controlled, parallel group study stratified by Hp2-
2 genotype status. The randomisation schedule was cre-
ated by independent statisticians. A blocked randomisa-
tion schedule was employed, in blocks of 10, based on a
1:1 allocation ratio.
Patients were randomly allocated to either Vit-E or

placebo group using a centralised interactive password-
protected, web-based service which allocated a unique
patient trial number corresponding to the medication
label numbers. After randomisation, the study drug was
dispensed according to the serial numbers generated and
allocation was blinded to both the patients and the study
personnel.
The intervention medication used was Vit-E 200 IU

(International units) in powder form (50%) incorporated
into hard gelatin capsules and placebo pills which consisted
of magnesium stearate (white colour granules) only. The
Vit-E formulation was the natural alpha-tocopherol which
occurs in the RRR-configuration. The medications were
manufactured by Beacon’s pharmaceuticals, Singapore. They
were labelled as consecutive serial numbers and blinded by
two independent study personnel at the site. Each subject
was prescribed to take two tablets every day (total 400 IU of
Vit-E daily in the intervention arm) for a period of 24 weeks.
The study nurses, investigators and patients were hence
completely blinded of the assignment.
Compliance was assessed by the percentage of pre-

scribed pills ingested. A compliance rate of more than
70% was considered satisfactory. The last patient was
recruited on 1st January 2018 and completed follow-up
on 1st June 2018.
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Measurements
All outcome measurements were performed by the

study team masked with respect to Vit-E intake and
biochemical outcome data at both baseline and follow-up
visits.
The physical measurements included height, weight

and BP.
Plasma haptoglobin concentrations were measured by

turbidimetry. Serum creatinine concentrations were
measured by Jaffe Reaction. Estimated GFR (eGFR) was
calculated using the Chronic Kidney Disease Epidemiol-
ogy Collaboration (CKD-EPI) equation10.
Hp genotyping was performed using TaqMan-based

real-time polymerase chain reaction11. Alpha-tocopherol
concentrations were measured in plasma samples using
the alpha-tocopherol (TCPa) BioAssayTM ELISA Kit
(USBiological, 028903).
The primary outcome measurement was the reactive-

hyperaemia index (RHI-EndoPAT)12 and augmentation
index (AI@75 beats/min)13 measured using the EndoPAT
2000 (Itamar Medical Ltd, Israel).
The secondary outcome measurements included: (1)

Oxidative stress markers measured as derivatives of
reactive-oxygen metabolites (dROMS) and the biological
antioxidant (BAPs) (FREE Carrio Duo; Diacron Interna-
tional) using measurement kits (Wismerll Co Ltd,
Tokyo)14; Oxidised LDL(ox-LDL) were measured in
plasma samples using the Mercodia Oxidised-LDL ELISA
kit (Mercodia AB, 10-1143-01)15. (2) Inflammation mea-
sured as high-sensitivity C-reactive protein (hsCRP) by
turbidimetry. (3) HbA1c was measured by immuno-
turbidimetric assay (Beckman Coulter Synchron LX®20,
Brea, CA, USA). (4) Fasting lipids were measured using
standard coupled enzymatic methods and LDL choles-
terol was calculated by the Friedewald equation. (5) We
used the SphygmoCor Xcel device to estimate the aortic
artery stiffness using the carotid to femoral pulse-wave
velocity (PWV)16. (6) Carotid ultrasonography was per-
formed using a 5.0- to 13.0-MHz multi-frequency high-
resolution linear transducer probe (GE Logiq P5) by two
trained operators. The carotid artery intima media
thickness (CIMT) measurement procedure followed the
Mannheim CIMT consensus recommendations17. Pilot
examination on 23 volunteers showed acceptable limits of
inter- and intra-user agreement with a coefficient of
variance of ±0.1 by Bland–Altman analysis for all of above
measurements.

Statistical analysis
We calculated a minimal sample size of 80 in each Hp

genotype stratum based on: 5% type I error; 80% power;
the assumption that Vit-E have a standardised effect size
(mean difference/pooled-standard deviation) of 0.5, on
each risk marker; two sample t test with equal variance;

and a 15% drop out rate. If we assume a mean difference
on RHI of 0.25 units with corresponding standard
deviation (SD) of 0.3 would yield a standardised effect size
of 0.25/0.3= 0.83 as seen in another study18. A per-
protocol analysis for all patients who came back for final
completion visit was planned.
Data on baseline demographic and clinical variables

have been summarised by Hp genotype and treatment
allocation group. Descriptive statistics are summarised as
count (n) and percentage of non-missing by category for
categorical data and mean, standard deviation (SD) or
median, interquartile range (IQR) for continuous data.
An analysis of the effect of Vit-E supplementation ver-

sus placebo was initially performed to assess the effect of
intervention in the overall population and then an inter-
action test was performed to see the effect of haptoglobin
genotype (Hp2-2 vs non-Hp2-2) on each outcome. Sub-
sequent comparisons by Hp genotype and Vit-E use were
made using independent sample t test (normally dis-
tributed) or Mann–Whitney U test (skewed) for con-
tinuous data, and Chi-square or Fisher’s exact test for
categorical data. We analysed the final measurements in
the Hp2-2 and non-Hp2-2 groups adjusted for baseline
alpha-tocopherol concentrations using ANCOVA.
Correlation between absolute Hp concentrations with

vascular measurements and blood markers were initially
assessed using Spearman rank-order method. Subsequent
multivariable models were built to adjust for confounding
variables to study independent associations.
Statistical analysis was performed using IBM SPSS sta-

tistics version 19.0 and Stata (version 13.1, College Sta-
tion, TX: StataCorp LP), significance tests were 2-sided at
5% significance level.

Results
Participants
Between 17 June 2016 and 31 December 2017, we

screened 293 consecutive patients with T2DM visiting the
Diabetes Centre. Out of 293 participants screened, we
randomised 187 participants (Hp 2-2: 101 participants,
non-Hp 2-2: 86 participants) to Vit-E supplementation or
placebo stratified by Hp genotype. As per protocol ana-
lysis, 86 subjects in the Hp2-2 group (42: Vit- E group, 44:
placebo group) and 80 subjects in the non-Hp2-2 group
(42: Vit-E group, 38-placebo group) were analysed. (see
CONSORT diagram, Fig. 1).
The baseline characteristics in all four groups are

summarised in Table 1a, b. Demographic and baseline
biochemical variables were well balanced between the
four groups. The Hp2-2 group consisted of a greater
percentage of Indians when compared to the non-Hp2-2
group, Hp concentrations were lower and LDL-C con-
centrations were higher in the Hp2-2 group when com-
pared to the non-Hp2-2 group (p < 0.05; Table 1b). There
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were no significant differences in terms of inflammation,
oxidative stress, alpha-tocopherol concentrations, RHI-
EndoPAT, AIx, PWV and CIMT at baseline. Approxi-
mately 13 (7%) had baseline stable ischaemic heart disease
(IHD). There was no significant difference in baseline
IHD in the four study groups. None of the patients had a
history of peripheral vascular disease or stroke. The dis-
tribution of the haptoglobin genotypes in the non-Hp2-2
group was Hp2-1: 63/86 (33.87%), Hp1-116/86 (8.60%)
and Hp1-del: 7/86 (3.76%).
Based on pill counting, approximately 59/84 (70%)

patients in the Vit-E group and 62/82 (76%) in the
placebo group were compliant to the intervention
medications and consumed more than 70% of the pills
prescribed. Minor side effects of nausea, abdominal
bloating, constipation, headache and lethargy were
reported in both placebo and Vit-E groups. Most
patients were able to continue the medications without
any problems.

Primary analysis
We first analysed the effect of Vit-E supplementation in

the whole group. Vit-E supplementation did not result in
an improvement in the primary outcomes of RHI-
EndoPAT and RHI-EndoPAT-derived augmentation
index (AI@75bpm) (P > 0.05; Table 2a). Amongst the
secondary outcomes, no significant difference was seen in
the physical measurements of BMI, waist circumference,
blood pressure; haematological parameters, inflammation,
oxidative stress, PWV and CIMT. Interestingly, Vit-E
supplementation resulted in higher total cholesterol and
LDL cholesterol but lower ox-LDL when compared to
placebo group (P < 0.05; Table 2a). Incidentally, we found
that the eGFR was higher in the intervention group when
compared to the placebo group (P < 0.05). This outcome
would be considered exploratory as this was not a pre-
specified outcome. The interaction test did not show any
interaction effect by Hp genotypes with Vit-E supple-
mentation on the outcomes.

Fig. 1 Consort diagram. Flow of subjects in the study is shown using the CONSORT flow diagram.
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Subgroup analysis showed no improvement in the pri-
mary outcome of RHI-EndoPAT (P > 0.05; Table 2a)
across the Hp genotypes. However, the non-Hp2-2 group
had a higher RHI-EndoPAT-derived augmentation index
(AIx@75bpm) in the Vit-E group when compared to
placebo group, p= 0.022. When analysed as a change
from baseline, the difference was still statistically sig-
nificant (p < 0.05). No significant difference was seen in
the Hp2-2 group, p > 0.05 (Table 2b).
Secondary Outcomes: The markers of inflammation,

hsCRP and Hp concentrations, were similar in both Vit-
E and placebo groups across the Hp genotypes (p > 0.05
for all). There was no significant difference in the oxi-
dative stress markers: dROMS and BAPs between the
Vit-E and placebo groups across the Hp genotypes, p >
0.05 (Table 2b). However, in the non-Hp2-2 group Vit-
E supplementation led to a significantly higher total
Cholesterol, LDL-C and ox-LDL-C (Vit E Group:
median Cholesterol(IQR): 4.10(0.93); median LDL-C
(IQR): 2.30 (1.13)mmol/L; median ox-LDL (IQR): 60.11
(27.86)IU/L vs placebo: median cholesterol(IQR): 3.60
(1.25); median LDL-C (IQR): 1.90 (0.75)mmol/L; med-
ian ox-LDL (IQR): 49.22(21.50)IU/L), p < 0.05. On fur-
ther analysis in the non-Hp2-2 group of the change in
the LDL-C from baseline we observed that there was a
clinically insignificant change in LDL-C from baseline
in the Vit-E Group with median change 0.0 (0.73)
mmol/L vs placebo group −0.10 (0.60) mmol/L. How-
ever, in the Vit-E group, median Ox-LDL concentra-
tions increased by 7.34(27.47) IU/L from baseline vs
placebo 2.70(18.08) IU/L groups. Other vascular func-
tion physiological measurements of Sphygmocor- PWV
and CIMT were similar in both vit-E and placebo
groups across all Hp genotypes, p > 0.05.
Incidentally we found that the serum creatinine con-

centration was significantly lower and corresponding
eGFR was higher in the Vit-E group compared to the
placebo group in only the Hp2-2 individuals (Mean eGFR
(SD): Vit-E group: 97.49 (16.75) mL/min per 1.73 m2:
85.18 (22.97) mL/min per 1.73 m2, p= 0.017. This effect
was not seen in the non-Hp2-2 group (Mean eGFR (SD):
Vit-E group: 88.51 (16.99) mL/min per 1.73 m2 vs Pla-
cebo: 84.02 (20.06) mL/min per 1.73 m2, p > 0.05 (Table
2). No differences in proteinuria was seen. Compared to
baseline, serum ferritin concentrations at follow up sig-
nificantly decreased in Vit-E group for both Hp2-2
(median difference (IQR): Vit E group: −12(28) μg/L;
placebo: −1.50 (22) μg/L, p < 0.05) and non-Hp2-2 groups
(median difference: Vit E group −18.00 (39) μg/; placebo:
−2.00 (24) μg/L, p < 0.05). These outcomes of serum
creatinine concentrations, eGFR and ferritin concentra-
tions were not pre-specified as primary or secondary
outcomes so these results would be considered
exploratory.

We analysed the correlations of all outcomes with
baseline alpha-tocopherol concentrations and final results
adjusting for baseline alpha-tocopherol concentrations.
Baseline alpha-tocopherol concentrations correlated
positively only with baseline haptoglobin concentrations
(p < 0.05). The results of the final outcomes were similar
to unadjusted analysis (Supplementary Table 1a, b).

Non pre-specified post-hoc analysis
We hypothesised that lower baseline haptoglobin con-

centrations would be associated with improvement in
measurements of inflammation, oxidative stress and vas-
cular function. Lower baseline haptoglobin concentra-
tions (regardless of genotype) was associated with an
improvement in hsCRP (β=−0.03, p= 0.002) and
dROMS (β=−0.34, p= 0.002) even after adjustment for
other variables in a multivariable model (inclusive of age,
gender, BMI and haptoglobin genotype). Further analysis
showed that at a sensitivity and specificity of >50%, the
optimal cut off for baseline haptoglobin concentration at
which >20% decline in hsCRP and >10% decline in
dROMS was seen was at ≤119mg/dl. Approximately
62.79% (54/86) in the Hp2-2 group had Hp ≤ 119mg/dl
when compared to 40% (32/80) in the non-Hp2-2 group.
(Supplementary Table 2a, b). We further did an interac-
tion test in the main analysis using haptoglobin con-
centrations ≤119 mg/dl and >119mg/dl. We found a
positive interaction for RHI-EndoPAT-derived augmen-
tation index (AI@75bpm) in that a detrimental effect
was seen in individuals with haptoglobin >119 mg/dl
whereas no statistically significant effect was seen in the
individuals with haptoglobin ≤ 119mg/dl (Supplementary
Table 2c).

Discussion
In our primary analysis, we did not observe a significant

beneficial effect of Vit-E supplementation on inflamma-
tion, oxidative stress or vascular function in both the
haptoglobin genotypes. Previous studies have shown that
it has preferential benefits in the Hp2-2 genotype indivi-
duals in terms of cardiovascular complications in dia-
betes6,7. This is in contrast with the results of a smaller
crossover study of 20 subjects wherein an improvement in
forearm vascular resistance and blood flow was seen
within 8 weeks in the Hp2-2 individuals12. Our results are
similar to a previous double blind RCT of 89 T2DM
subjects where a high dose of Vit-E (1800 IU) was for a
duration of 12 months and no significant change in vas-
cular dilator function was seen19. Our study had a larger
sample size than the above studies and the duration of
Vit-E supplementation was 6 months.
Possible reasons for these contradictory results from

previous outcome based trials: (1) We have analysed the
systemic pathway of vascular dysfunction and endothelial
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dysfunction, whereas the gene dependent effect of Vit-E
supplementation maybe more at the cellular level, for
example myocardial fibrosis or cardiac vasculature in
particular. Future studies need to assess cardiac function
and physiology in detail. (2) The population studied
included the multi-ethnic groups of Chinese, Indians and
Malays, whereas most previous studies have been con-
ducted in Europeans. In our population Indians were
more likely to have the Hp2-2 genotype and this group of
individuals are also at the highest risk for cardiovascular
complications. It is possible that there are inherent dif-
ferences in lipid and metabolic profiles in these indivi-
duals which may have contributed to the negative results.
The effect of ethnicity needs to be studied in greater
details. (3) It is believed that unlike statins and anti-
hypertensives, the primary mechanism of action of anti-
oxidants may be prevention of new lesions. Hence, ideally
they would need to be used for more than 5 years to show
a demonstrable benefit20. It is likely that we need further
optimisation of Vit-E treatment in terms of dose and
duration to optimise the alpha-tocopherol concentrations
before we see significant effects of vascular function. In a
recent long-term prospective cohort study, higher serum
α-tocopherol biochemical status has been associated with
lower risk of overall mortality21.
We observed a harmful effect in the non-Hp2-2 group

in terms of increased arterial stiffness measured as RHI-
EndoPAT-derived AIx. This measurement is known to
correlate with brachial artery pulse wave velocity and may
be a function of arterial elasticity and stiffness15. Most
epidemiological and animal studies in the past have
shown no effect of Vit- E on vascular function in the non-
Hp2-2 individuals. One study has reported an adverse
effect of Vit-E on HDL function in the non-Hp2-2 type 1
diabetes patients22. In fact in our study we saw a parallel
increase in ox-LDL even relative to LDL-C change in this
subgroup. There was a strong interaction effect seen in
the overall group with Hp > 119mg/dl. This deleterious
effect of Vit-E exerts raises the question of possible pro-
oxidant effect of Vit-E in the presence of sufficient
quantitative (concentrations) and qualitative (non-Hp2-2)
haptoglobin in these individuals23. This phenomenon of
pro-oxidant effect of Vit-E under different oxidant con-
ditions has been described previously24 and needs to be
studied in greater details in presence of different con-
centrations of haptoglobin.
We used the dose of 400 IU of supplemental Vit-E daily.

Meta-analyses have shown that high doses (≥400 IU/day)
has been associated with an increase in mortality and is
not recommended for primary or secondary preven-
tion25,26. The effect of lower doses of supplementation or
using other forms of supplementation (gamma-, delta-
tocopherol and tocotrienols) which has shown to be
beneficial27 needs to be studied.

We observed that Vit-E impacted eGFR in the Hp2-2
group only. Hp2-2 genotype individuals have been
observed to have a higher risk of renal function decline
when compared to the non-Hp2-2 group which may be
attributed to higher ferritin deposition in the kidneys28.
Vit- E supplementation did lead to a significant decrease
in ferritin concentrations (change from baseline) in both
the Hp2-2 and non-Hp2-2 groups when compared to
placebo. This change has likely impacted the Hp2-2 group
more due to a relatively inefficient haemoglobin scaven-
ging system and more antioxidant effect when compared
to a possible pro-oxidant effect in Non-Hp2-2. This
observation has to be considered exploratory as this was
not a pre-specified primary or secondary outcome.
We have previously seen that endothelial cell apoptosis

in patients with diabetes was associated with haptoglobin
concentrations rather than the genotypes29. Hence, we
performed a subgroup analysis to see whether the
response to treatment is dependent on the haptoglobin
concentrations. We found that lower baseline haptoglobin
concentrations (regardless of genotype) (≤119mg/dl) was
associated with an improvement in a marker of inflam-
mation, hsCRP and an oxidative stress marker dROMS
even after adjustment for other variables in a multi-
variable model. It has also been seen that individuals with
Hp2-2 genotype tend to have lower haptoglobin con-
centrations than non-Hp2-2 genotype individuals30. In
our study as well the haptoglobin levels were significantly
lower in the Hp2-2 individuals. However, it is important
to note that up to 40% of patients in the non-Hp2-2 group
also had low haptoglobin concentrations at baseline and a
similar number (approx. 37%) had high concentrations in
the Hp2-2 group which may have resulted in dilution of
the effects seen. It is possible that further personalised
supplementation based on the haptoglobin concentra-
tions may be beneficial.
Some limitations of our study has been the compliance

rate, the variance in alpha-tocopherol concentrations in
the individuals and the duration of the study (<5 years).
Although the compliance rate was satisfactory in more
than 70% of the individuals there was a variability in the
alpha-tocopherol concentrations and change from base-
line amongst the individuals suggesting variable absorp-
tion and bioavailability. Another limitation was that 73%
of the non-Hp2-2 group had one Hp2 allele (ie. Hp1-2
rather than Hp1-1 genotype) hence reducing the differ-
ence from the Hp2-2 group. We used the RHI-EndoPAT
which measures only the dynamic reactivity and although
may better reflect short term changes due to interven-
tions31 does not correlate as well with brachial artery flow
mediated dilatation as this measurement does not only
reflect nitric oxide but also may related with endothelial
derived prostaglandins and endothelium-derived hyper-
polarising factor in hypertensive patients15. In balance we
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did supplement this with the Sphygmocor based mea-
surements which measures baseline pulse-wave-velocity
and EndoPAT based augmentation index a reflection of
arterial stiffness and elasticity.
The main strengths of this study is the relatively larger

sample size and relatively longer duration compared to
studies currently reported. We evaluated vascular func-
tion comprehensively in terms of oxidative stress,
inflammation and physiological vascular function. Our
study was completed in a real world setting and the results
may therefore be generalised to our population.

Conclusion
In conclusion, we did not see a preferential benefit or

deleterious effect of Vit-E supplementation on inflam-
mation, oxidative stress or vascular function in the multi-
ethnic Singapore patients with Hp2-2 genotype. As an
exploratory analysis, incidentally we observed that Vit-E
supplementation led to an improvement in renal function
in the Hp2-2 genotype. We found preliminary evidence
suggesting a possible deleterious effect of an increase in
arterial stiffness with Vit-E supplementation in individuals
with haptoglobin concentrations >119 mg/dl. The possi-
ble mechanism of the deleterious effect on these indivi-
duals needs to be studied.
Future studies should consider personalisation based on

baseline haptoglobin concentrations in patients with
T2DM rather than just Hp2-2 genotype to evaluate
impact on the detailed lipid pathways, cardiac and renal
physiology. The impact of ethnic differences needs to be
explored in greater detail.
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