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INTRODUCTION
In LMIC like India, T2DM is recognised as a major public health hazard 
especially not only because of alarming rise but also due to the rapid shift 
of its onset in individuals below 50 years of age [1-3]. The devastating 
aspect of T2DM is chronic hyperglycaemia resulting in significant 
morbidity and premature mortality [4,5]. Hence, the management of 
good glycaemic control is the cornerstone of diabetes care. Several 
groups consolidated the existence of a direct relationship between the 
diabetic complications and the mean plasma glycaemic value [6-10].

Owing to the inherent attributes, HbA1c established as the Standard 
Of Care (SOC) for testing and monitoring mean glycaemic status in 
T2DM [8,9]. HbA1c is well-known to reflect the retrospective mean 
glucose values as well as the impact of lifestyle and medication on 
glycaemic control over the past three months [6-10]. Especially in 
LMIC like India where the majority of accessible laboratories are 
equipped with resource-poor settings, it is either unavailable or 
unaffordable [11]. In order to provide an economical and feasible 
alternative, the existence of a correlation between plasma 
glucose estimations and HbA1c was explored [12-28]. Various 
methodological approaches were adopted to explore whether 
the FPG or PPG is the best surrogate for HbA1c [12-28]. As per 
these studies, a weak-to-moderate range of correlation coefficient 
of plasma glucose estimations (FPG: 0.28-0.84 & PPG: 0.20-0.86) 
with HbA1c was reported [12-28]. The documented cut-off (mg/
dL) range for FPG and PPG at HbA1c ≤7% was 110-130 mg/dL 
and 126-180 mg/dL, respectively [12-28]. The literature survey 

evidences equivocal reports wherein one of the plasma glucose 
estimations i.e., either FPG or PPG had relatively high correlation 
with HbA1c [12-28]. Though correlation coefficient analysis, 
adopted as traditional analytical tool in earlier studies, explores the 
linear association of plasma glucose estimations and HbA1c yet 
from the analytical point of view quantifying the extent of difference 
between them in terms of overestimation and underestimation as 
well as percentage difference will also be more eloquent [12-28]. 

In view of the above facts, the present retrospective study was 
undertaken with an objective to evaluate the correlation of FPG, 
PPG, and their mean with HbA1c in terms of whether these plasma 
glucose measurements (FPG, PPG, and their mean) overestimates 
or underestimates and if so, the extent of percentage difference 
between them and its possible implications in clinical intervention in 
T2DM management. As mean plasma glucose of HbA1c is basically 
presumed to be the retrospective reflection of integrated fasting and 
postprandial glycaemic states [16,17], mean of FPG and PPG was 
included to comprehend its relation with HbA1c in the present study. 
This is the first study on Indian population exploring the correlation 
of mean of FPG and PPG with HbA1c.

MATERIALS AND METHODS
The sampling frame duration for the present single-centred, 
retrospective, cross-sectional data survey was 13 months 
encompassing August 2017 to August 2018 in the tertiary care 
hospital “Kovai Medical Centre and Hospital (KMCH), Coimbatore”. 
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ABSTRACT
Introduction: In Low and Middle Income Countries (LMIC) like 
India, either Fasting Plasma Glucose or Postprandial Plasma 
Glucose (FPG/PPG) estimations were adopted as surrogate 
alternative to Glycated Haemoglobin (HbA1c) in Type 2 Diabetes 
Mellitus (T2DM). However, the reliability of this correlation 
remains ambiguous due to lack of consensus among the previous 
studies.

Aim: To determine the correlation of FPG and PPG as well as their 
calculated mean with HbA1c in T2DM subjects for monitoring 
glycaemic status.

Materials and Methods: A single centre, retrospective, cross-
sectional data survey was carried out for a sampling frame of 
13 months (August 2017 to August 2018) encompassing 1268 
T2DM subjects. The data was collected during September 2018 
to March 2019 and subsequently analysed during April 2019 to 
August 2019. The analysis was carried out in two approaches. 
In the first approach: the data was segregated into two major 

groups and six subgroups to understand relative concordance 
and discordance percentage; sensitivity, specificity and 
accuracy; and absolute and percentage difference recruiting 
relevant statistical tools. In the second approach, Area Under 
Curve (AUC) of Receiver Operating Characteristic (ROC) curves 
were employed to understand changes in FPG/PPG/calculated 
mean with increasing severity of T2DM.

Results: With increasing severity of T2DM (HbA1c), not 
only gradual exacerbation of underestimation in FPG and 
overestimation in PPG but also declination of sensitivity in either 
of them was apparent. Though calculated mean of FPG and PPG 
measurements appended with intermittent features yet mimics 
PPG. AUC of ROC analysis revealed relatively high PPG levels at 
lower HbA1c levels and its replacement with FPG with increasing 
HbA1c levels.

Conclusion: An integrated utility of both FPG and PPG as tuning 
tools of treatment modalities to achieve desired HbA1c levels in 
T2DM could be a promising approach.
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The data was procured during September 2018 to March 2019 
and subsequently analysed during April 2019 to Aug 2019. The 
Institutional Human Ethical Committee (REF: EC/AP/634/09/2018; 
Dated: 02/10/2018) clearance was obtained for this study. Owing 
to the retrospective nature of the study, IHEC has waived the 
requirement of informed consent.

inclusion criteria: Only the medical records of those adults (above 
18 years) with a history of T2DM irrespective of its severity and on 
anti-diabetic therapy were included. The records of the subjects 
with HbA1c, FPG, and PPG quantitative estimation carried out on 
the same day during the follow-up visits were only included in this 
study.

Exclusion criteria: The patient records apparent with anaemia, 
haemoglobin abnormalities and blood disorders (polycythaemia, 
leukaemia etc.,), recent blood transfusion, use of drugs that 
stimulate erythropoiesis, end stage renal disease and pregnancy 
were excluded from the study.

Sample size calculation: A minimum sample size of 328 was 
derived, after incorporating the local population T2DM prevalence of 
22.6% as well as sensitivity (FPG: 74%; PPG: 79%) and specificity 
(FPG: 84%; PPG:74%) based on previous analogous study on 
Indian population and assuming 95% confidence interval with 10% 
precision [25,29-31]. Even as a rule-of-thumb, a minimum sample 
size of 300 is recommended as sufficiently large for evaluating 
both sensitivity and specificity of most screening and diagnostic 
tests [32,33]. However, in the present study, a total of 1268 
subjects medical record data of both in-patients and out-patients 
was acquired from Medical Records Department (MRD), KMCH, 
Coimbatore. 

Study Procedure
Demographic features, anthropometric measurements, clinical 
(duration as well as severity of T2DM and details of anti-diabetic 
treatment protocols) and laboratory data (HbA1c and plasma 
glucose measurements i.e., FPG and PPG) of each subject were 
extracted from their respective medical records. 

data segregation: In the present study, in order to validate the 
agreement of plasma glucose measurements with increasing 
levels of HbA1c, the data is segregated into two major groups i.e., 
Group I (HbA1c ≤7%; n=267) and Group II (HbA1c >7%; n=1001) 
based on the current treatment guidelines [8]. Subsequently group 
II is further segregated into six unit interval subgroups: i) (HbA1c 
>7 to ≤8%; n=318), ii) (HbA1c>8 to ≤9%; n=281), iii) (HbA1c>9 to 
≤10%; n=177), iv) (HbA1c>10 to ≤11%; n=108), v) (HbA1c>11 to 
≤12%; n=54) & vi) (HbA1c>12%; n=63). As a final step, in order 
to comprehend the relation of plasma glucose measurements with 
increasing HbA1c based on the AUC of ROC curves, the entire 
pooled data is reorganised into six groups i.e., A (≤7 vs >7 to ≤8%), 
B (≤8 vs >8 to ≤9%), C (≤9 vs >9 to ≤10%), D (≤10 vs >10 to ≤11%), 
E (≤11 vs >11 to ≤12%), and F (≤12 vs >12).

Biochemical examination: The entire process of sample collection, 
processing, and analysis were strictly carried out under aseptic 
conditions as per standard laboratory protocols. Both HbA1c 
and plasma glucose quantification i.e., FPG and PPG estimations 
were carried out on Cobas Integra 400 Plus Chemistry Analyser 
(Roche Diagnostics Ltd., Switzerland) using System Packs. The 
quality control products for HbA1c were also provided by the same 
company. The HbA1c estimation was based on the “Turbidimetric 
Inhibition Immunoassay” (TINIA). The measuring range was 4.2-
20.1%. The Coefficient of Variation (CV) of repeatability and 
intermediate precision were within the manufacturer’s computations. 
The plasma glucose estimation is based on the “Hexokinase 
method” popular as the reference method. The measuring range is 
2-720 mg/dL. The Coefficient of variation (CV) of repeatability and 
intermediate precision were in concurrence with the manufacturer’s 
measurements. Robust routine “Internal Quality Assurance 

Program” (Bio-Rad Laboratories Pvt., Ltd., India) and “External 
Quality Assurance Scheme” (CMC-EQAS, Under Aegis of ACBI, 
Christian Medical College, Vellore, India) were exercised not only 
to meet and sustain NABH accreditation requirements but also to 
provide clinically relevant accurate and precise measurements. The 
mean of FPG and PPG was computed. The estimated Average 
Glucose (eAG) of HbA1c (%) was derived using the formula “eAG 
(mg/dL)= 28.7×HbA1c-46.7” [9]. Henceforth, in order to minimise 
the reprise of “mean of FPG and PPG” in the subsequent sections, 
it would be presented as “Mean”. Similarly, “eAG (mg/dL) of HbA1c” 
as “eAG”.

STATISTICAL ANALYSIS
In the present study, Statistical Package for Social Sciences (SPSS) 
version 24.0 software was employed for data analysis. The normal 
distribution of all data was examined with Shapiro-Wilk (SW) test. 
Continuous variables were presented as mean±standard deviation 
(SD) or median (interquartile range, IQR) according to the distribution 
state. Categorical variables were analysed using Chi-squared test (χ2) 
and presented as percentages. Spearman correlation was applied 
to find out the existence of a linear association between fasting/
postprandial/mean plasma glucose and the HbA1c (%) as well as its 
eAG (mg/dL) in type 2 diabetics. Cross tabulations were generated 
for concordance in classification between eAG and plasma glucose 
(fasting, postprandial and mean). Post-hoc Chi-squared test (χ2) with 
Bonferroni adjustment was used for understanding the concordance 
percentage difference in multiple pairwise comparisons. In order 
to understand the difference between plasma glucose (fasting, 
postprandial, and mean) and eAG, an absolute difference was 
computed. Absolute difference was presented as median with 
an interpercentile range encompassing 5th and 95th percentile. 
Percentage difference between eAG and plasma glucose (fasting, 
postprandial and mean) was computed as “{(plasma glucose-
eAG)/eAG}×100”. Sensitivity, specificity, and Positive Predictive 
Value (PPV) with cut-off value of two major groups were extracted 
from the AUC of ROC curves whereas for the subgroups, cross-
tabulations were used. For the final step, ROC curves of plasma 
glucose measurements against HbA1c across increasing intervals 
were constructed and AUC were extracted. The relative distribution 
of the AUC of plasma glucose measurements (FPG/PPG/Mean) 
were plotted against the six groups of HbA1c. A two-sided p<0.05 
was considered significant for all analyses. All the assumptions of 
the statistical tests were respected.

RESULTS
The baseline characteristics of the subjects are discussed in [Table/
Fig-1]. The age and BMI of the subjects recruited in the present 
study were 56 years (49-64 years) and 25 kg/m2 (23-28 kg/m2), 
respectively. Out of 1268 medical records, males constituted 743 
(58.6%) and females comprised the remaining 525 (41.4%). The 
entire pooled data, group I and group II of HbA1c were inherent with 
median of 8.2% (7.2-9.5%), 6.7% (6.4-6.8%), and 8.7% (7.8-9.9%), 
respectively. As anticipated, the subgroups i-vi showed gradual 
escalation of their median HbA1c. Similarly, even the mean plasma 
glucose (200 mg/dL) had intermittent median between FPG (154 
mg/dL) and PPG (248 mg/dL). The duration of T2DM among the 
subjects recruited in the present study was five years (3-9 years).

A moderate positive correlation coefficient was apparent between 
plasma glucose measurements (FPG, PPG and Mean) and HbA1c 
in the entire pooled data analysis [Table/Fig-2]. Only group II has 
sustained significant moderate positive correlation whereas in group 
I significant correlation has declined to a very weak level [Table/
Fig-3a]. Even the group II couldn’t sustain its moderate correlation 
when the analysis was stretched to the subgroup (i-vi) level [Table/
Fig-3b]. Even among the subgroups, only subgroup i–iii sustained 
significant but weak correlation. There was no correlation in the 
remaining three subgroups (Subgroup: iii-vi). Therefore, gradual 
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[Table/Fig-2]: Spearman correlation coefficient (r) analysis of blood glucose mea-
surements against HbA1c data. (FPG: Fasting plasma glucose; PPG: Postprandial 
plasma glucose; mean: mean of FPG and PPG; eAG: estimated average glucose of 
HbA1c; &*: p<0.05).

declination and disappearance of the linear association of plasma 
glucose measurements with increasing HbA1c was obvious. In the 
present study, the correlation of FPG/PPG/Mean (mg/dL) against 
either HbA1c (%) (or) eAG (mg/dL) yielded same results, as evident 
in the form a typical representation [Table/Fig-2].

variations of group I (PPG>Mean>FPG) was contrary to group II 
(FPG>Mean>PPG) whereas their cumulative concordance percentage 
exhibited PPG≈Mean>FPG [Table/Fig-4a]. Hence, PPG at group I, 
FPG at group II, and both PPG and mean on a cumulative basis 
outstood with relatively high concordance percentages. Overall, mean 
was in concurrence with respective dominant parameters without 
any significant difference [Table/Fig-5]. On subgroup analysis, further 
worsening of even weak concordance percentages with an increase 
in HbA1c unit intervals (except at subgroup vi) was eminent [Table/Fig-
4b]. The first two subgroup unit intervals i and ii shared overall common 
concordance percentage gradation of mean>FPG>PPG whereas 
the remaining unit intervals (subgroup iii-vi) exhibited concordance 
percentage gradation of FPG>mean>PPG [Table/Fig-6]. At each and 
every subgroup of group II, PPG showed significant difference with 
relatively dominant parameter whereas mean reserved such significant 
difference at iii, iv, and vi subgroups [Table/Fig-6]. On the other hand, 
as anticipated, the overall discordant percentage of PPG>Mean>FPG 
[Table/Fig-7]. Within the discordant percentage, relatively dominant 
underestimation in FPG and overestimation in PPG were apparent. 
Although mean expressed intermittent discordant percentage yet 
mimics PPG with features of overestimation.

In lines with above observations, contrary presentation of group I and 
group II was apparent with reasonable specificity and accuracy but 
suffered with weaker sensitivity [Table/Fig-8a]. Even in the subgroup 
analysis, all the three plasma glucose measurements were apparent 
with weaker and compromised sensitivity (barring subgroup vi) 
[Table/Fig-8b]. Overall, the plasma glucose measurements revealed 
exacerbation of weaker sensitivity with increasing intervals of HbA1c.

In order to quantify the differences and their pattern of variations 
between plasma glucose measurements and eAG with increasing 
levels of HbA1c, absolute difference analysis was performed [Table/

[Table/Fig-1]: Baseline characteristics of the subjects.
Not normally distributed data is expressed as median (interquartile range) and categorical vari-
ables as number (percent). (χ2: Chi-squared test; and S-W test: Shapiro-Wilk test)

Variables total (1268) p-value (test)

Age, years 56 (49-64) 0.001 (S-W test)

Gender, n(%)

Male 743 (58.6)
0.0001 (χ2 test)

Female 525 (41.4)

Body Mass Index (BMI) in kg/m2 25 (23-28) 0.001 (S-W test)

HbA1c (%) 8.2 (7.2-9.5) 0.001 (S-W test)

Group I (HbA1c ≤7.0%) 6.7 (6.4-6.8) 0.001 (S-W test)

Group II (HbA1c >7.0%) 8.7 (7.8-9.9) 0.001 (S-W test)

Subgroup i (HbA1c >7 to ≤8) 7.5 (7.3-7.8) 0.001 (S-W test)

Subgroup ii (HbA1c >8 to ≤9) 8.5 (8.2-8.8) 0.001 (S-W test)

Subgroup iii (HbA1c >9 to ≤10) 9.5 (9.3-9.8) 0.001 (S-W test)

Subgroup iv (HbA1c >10 to ≤11) 10.5 (10.3-10.7) 0.001 (S-W test)

Subgroup v (HbA1c >11 to ≤12) 11.5 (11.2-11.9) 0.001 (S-W test)

Subgroup vi (HbA1c >12) 13.5 (12.7-15.3) 0.001 (S-W test)

Fasting Plasma Glucose (FPG) in mg/dL 154 (126-199) 0.001 (S-W test)

Postprandial Plasma Glucose (PPG) in 
mg/dL

248 (204-307) 0.001 (S-W test)

Mean of FPG and PPG in mg/dL 200 (168-249) 0.001 (S-W test)

Duration of T2DM, years 5 (3-9) 0.001 (S-W test)

In order to quantify the agreement of plasma glucose measurements 
with increasing HbA1c levels, concordance and discordance 
percentages were computed. The concordance percentage 

Sl. 
No.

hba1c in-
terval (%)

Spearman correlation (r) with 95% confidence intervals 
(Ci)

FPG (mg/dL) vs 
hba1c (%)

PPG (mg/dL) vs 
hba1c (%)

Mean (mg/dL) vs 
hba1c (%)

r (95% 
Ci)

p-
value

r (95% 
Ci)

p-
value

r (95% 
Ci)

p-
value

a. Correlation in the major groups

1. Group I
0.216 

(0.097-
0.329)

0.0004
0.186 

(0.066-
0.301)

0.0022
0.199 

(0.079-
0.312)

0.0011

2. Group II
0.602 

(0.558-
0.644)

0.0001
0527 

(0.477-
0.573)

0.0000
0.600 

(0.555-
0.641)

0.0001

B. Correlation analysis in the group i and subgroup (i-vi) of group ii

1. Group I
0.216 

(0.097-
0.329)

0.0004
0.186 

(0.066-
0.301)

0.0022
0.199 

(0.079-
0.312)

0.0011

2. Subgroup i
0.187 

(0.078-
0.292)

0.0008
0.174 

(0.064-
0.279)

0.0019
0.206 

(0.097-
0.310)

0.0002

3. Subgroup ii
0.187 

(0.070-
0.298)

0.0017
0.138 

(0.020-
0.251)

0.0210
0.167 

(0.050-
0.279)

0.0050

4. Subgroup iii
0.140 

(-0.008-
0.282)

0.0630
0.119 

(-0.029-
0.263)

0.1134
0.151 

(0.003-
0.293)

0.0437

5. Subgroup iv
0.099 

(-0.092-
0.283)

0.3066
0.091 

(-0.100-
0.275)

0.3495
0.113 

(-0.077-
0.296)

0.2419

6. Subgroup v
-0.186 

(-0.434-
0.088)

0.1773
0.029 

(-0.240-
0.295)

0.8328
-0.073 

(-0.335-
0.198)

0.5968

7. Subgroup vi
0.165 

(-0.088-
0.398)

0.1969
0.145 

(-0.108-
0.380)

0.2559
0.161 

(-0.091-
0.394)

0.2065

[Table/Fig-3]: Spearman correlation analysis: Blood glucose measurements 
against estimated average glucose (eAG) of HbA1c in mg/dL.
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In a final step, the cut-off for plasma glucose measurements for good 
glycaemic control were extracted from ROC curve analysis. The cut-
off (sensitivity, specificity and PPV) for FPG, PPG and mean were 140 
mg/dL (78.2%, 71.1% and 41.9%), 220 mg/dL (70.4%, 74.1% and 
42.0%) and 180 mg/dL (73.7%, 75.3% and 44.3%), respectively. In 
an additional approach, in order to explore the relationship between 
plasma glucose measurements with increasing HbA1c, scattered 
plots of the AUC of ROC curve analysis at various intervals of HbA1c 
were computed. In the same perspective, as apparent, PPG at a 
lower interval of HbA1c (group A) showed relatively the highest AUC 
whereas thereafter FPG replaced the PPG [Table/Fig-13]. 

DISCUSSION
Measurement of HbA1c is an effective approach in monitoring 
long-term glycaemic patterns in T2DM. The merits of HbA1c 
comprises no special preparation of the patient, requirement of 
non fasting (random) sample, robust stability in sample material/
room temperature, minimal intraindividual variability (CV <1%) and 
insusceptibility to acute factors (stress/exercise) [6-9]. The plasma 
glucose estimations were vulnerable to stress factors accounting 
to erratic fluctuations. However, FPG and PPG estimations were 
routinely adopted as reliable economical surrogate providing 
snapshot measure of glycaemia with a targeting treatment goal of 
80-130 mg/dL and <180 mg/dL, respectively [8]. Lack of consensus 
among previous studies raised ambiguity over the reliability of either 
FPG or PPG estimations as an economical surrogate for HbA1c in 
monitoring Type 2 Diabetes [12-28].

[Table/Fig-7]: Overall discordant percentage of Fasting plasma glucose (FPG), 
Mean (Mean of FPG and PPG) and Postprandial plasma glucose (PPG). Discor-
dance percentage was derived in comparison with estimated average glucose 
(eAG) of HbA1c.

Fig-9,10]. Even the absolute difference interpretations were in lines of 
observations inferred from discordance percentage computations. 
The gradual widening of interpercentile range with increasing HbA1c 
intervals is the most common and generalisable feature.

In addition to absolute difference analysis, the differences between 
the plasma glucose parameters were further quantified in terms 
of percentage differences. As apparent from; overall, only 14% of 
FPG, 17% of mean and 7% of PPG were within 0±5% percentage 
differences [Table/Fig-11]. Approximately, 80% of FPG and mean 
outstood with 0±30% percentage differences. Even at a 0±30% 
percentage difference, PPG accounted only for 46% of samples. 
However, among the FPG and mean, mean accounted marginally 
high percentage of samples at various range. These observations 
were apparent not only at major groups of HbA1c but also mostly 
even at the subgroups of group II (subgroup i-vi) [Table/Fig-12].

[Table/Fig-5]: Post-hoc Chi-square test among fasting plasma glucose (FPG in 
mg/dL), postprandial plasma glucose (PPG in mg/dL) and Mean (mean of FPG & 
PPG in mg/dL) with estimated average glucose (eAG in mg/dL) of HbA1c of Group 
I, Group II and their cumulative % with respective diagrams. 
[Each node in Post-hoc test: concordant percentage; dark interconnecting line: significant 
Bonferroni corrected p-value; dotted line: not significant Bonferroni corrected p-value; NS: Not 
Significant; and without interconnecting line: p>1.000]

[Table/Fig-6]: Post hoc Chi-square test among Fasting plasma glucose (FPG in 
mg/dL), Postprandial plasma glucose (PPG in mg/dL) and mean (mean of FPG and 
PPG in mg/dL) with estimated Average glucose (eAG in mg/dL) of HbA1c at various 
subgroups with respective diagrams. 
(Each node in Post-hoc test: concordant percentage; dark interconnecting line: significant Bon-
ferroni corrected p-value; dotted line: not significant Bonferroni corrected p-value; and without 
interconnecting line: p>1.000)

hba1c %

FPG PPG Mean

C/t

% 
(95% 
Ci) C/t

% 
(95% 
Ci) C/t

% 
(95% 
Ci)

a. Concordance analysis in the major groups

Group I 232/639
36.3 

(32.6-
40.0)

37/63
58.7 

(46.6-
70.9)

100/189
52.9 

(45.5-
60.2) 

Group II 594/629
94.4 

(92.3-
96.1)

975/1205
81.0 

(78.6-
83.1)

912/1079
84.5 

(82.2-
86.6)

Total 826/1268
65.1 

(62.4-
67.7)

1012/1268
79.8 

(77.5-
82.1)

1012/1268
79.8 

(77.5-
82.1)

B. Concordance analysis in the group i and subgroup (i-vi) of group ii

Group I 232/639
36.3 

(32.6-
40.0)

37/63
58.7 

(46.6-
70.9)

100/189
52.9 

(45.5-
60.2) 

Subgroup i 67/236
28.4 

(22.6-
34.1)

22/108
20.4 

(13.8-
28.9)

101/277
36.5 

(30.8-
42.5)

Subgroup ii 37/132
28.0 

(0.20-
0.35)

38/214
17.7 

(12.6-
22.9)

82/264
31.1 

(25.6-
37.1)

Subgroup iii 33/92
35.9 

(26.0-
45.7)

23/204
11.3 
(6.9-
15.6)

30/173
17.3 

(12.0-
23.8)

Subgroup iv 22/70
31.4 

(20.5-
42.3)

4/184
2.6 

(0-4.2)
14/114

12.3 
(6.9-
19.8)

Subgroup v 8/44
18.1 
(6.8-
29.6)

4/143
2.8 

(0-5.4)
8/96

8.3 
(3.6-
15.7)

Subgroup vi 25/55
45.4 

(32.3-
58.6)

47/352
13.3 
(9.8-
16.9)

40/155
25.8 

(19.1-
33.4)

Total 424/1268
33.4 

(30.8-
36.3)

175/1268
13.8 

(11.9-
15.7)

375/1268
29.6 

(27.1-
32.2)

[Table/Fig-4]: Concordance of plasma glucose measurements with eAG of HbA1c. 
FPG: Fasting plasma glucose; PPG: Postprandial plasma glucose; Mean (FPG & PPG): Mean of 
FPG & PPG; C/T: Concordant number/Total number; CI: Confidence interval; Concordance was 
in accordance to estimated average glucose of HbA1c
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The correlation coefficient analysis of previous studies reported 
negligibly to high rankings as apparent in [Table/Fig-14]. In the 
present study, both plasma glucose measurements with a moderate 
correlation coefficient exhibited FPG>PPG. These correlation 
coefficient findings were not only in consensus with earlier studies 
but also in dissensus with some studies [13,14,17,20-27]. However, 
major group and subgroup analysis unraveled the gradual declination 
and disappearance linearity association of plasma glucose estimates 
with increasing HbA1c. 

The cut-off for good glycaemic control (FPG: 140 mg/dL and PPG: 
240 mg/dL) observed in the present study was relatively higher to 
previous studies [Table/Fig-14] [13,14,17,20-27]. Though sensitivity 
and specificity were considered during in near approximation with 

previous studies yet suffered with weak PPV (FPG: 41.9% and PPG: 
42%). In the previous studies on Indian population, the reported 
cut-off (PPV) for FPG was 110 mg/dL (89%) and 130 mg/dL (87%) 

[Table/Fig-10]: Absolute difference between plasma glucose measurements (mg/
dL) in comparison to estimated Average glucose (eAG, mg/dL) of HbA1c in group I 
and Subgroup i-vi. (Absolute difference plot: median with 5th and 95th interpercen-
tile range; FPG: Fasting plasma glucose; PPG: Postprandial plasma glucose; and, 
Mean: Mean of FPG and PPG). 

hba1c
FPG (mg/dL) PPG (mg/dL) Mean (mg/dL)

Sensitivity Specificity accuracy Sensitivity Specificity accuracy Sensitivity Specificity accuracy

a. Major groups

Group I vs group II 86.9% 59.3% 65.1% 13.9% 97.4% 79.8% 37.5% 91.1% 79.8%

Group II vs group I 59.3% 86.9% 65.1% 97.4% 13.9% 79.8% 91.1% 37.5% 79.8%

B. Group i and Subgroup (i-vi) of Group ii 

Subgroup i vs remaining 21.1% 82.2% 66.9% 6.9% 90.9% 69.9% 31.8% 81.5% 69.0%

Subgroup ii vs remaining 13.2% 90.4% 73.3% 13.5% 82.2% 67.0% 29.2% 81.6% 70.0%

Subgroup iii vs remaining 18.6% 94.6% 84.0% 13.0% 83.4% 73.6% 16.9% 86.9% 77.1%

Subgroup iv vs remaining 20.4% 95.9% 89.4% 3.7% 84.5% 77.6& 13.0% 91.4% 84.7%

Subgroup v vs remaining 14.8% 97.0% 93.5% 7.4% 88.6% 85.1% 14.8% 92.8% 89.4%

Subgroup vi vs remaining 39.7% 97.5% 94.6% 74.6% 74.7% 74.7% 63.5% 90.5% 97.0%

[Table/Fig-8]: Impact on sensitivity and specificity of Fasting plasma glucose (FPG), Postprandial plasma glucose (PPG) and mean (mean of FPG and PPG) at various inter-
vals of HbA1c

[Table/Fig-9]: Absolute difference of FPG (mg/dL), PPG (mg/dL) and mean (mg/
dL) from estimated Average glucose (eAG, mg/dL) of HbA1c. (Absolute difference 
plot: median with 5th and 95th interpercentile range; FPG: Fasting plasma glucose; 
PPG: Postprandial plasma glucose; Mean: mean of FPG and PPG).
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whereas for PPG it was 126 mg/dL (95%) and 180 mg/dL (80%) 
[25-27]. But at the cut-off values of previous studies [25-27], plasma 
measurements of the present study exhibited compromised PPV 
with a sensitivity of approximately ≤50%. 

Only the present study analysis unraveled the inherent feature of 
exacerbating of either underestimation in FPG or overestimation 
in PPG with diabetes worsening. Moreover, any change of about 
~30 mg/dL in plasma glucose level is associated with a 1% change 
in HbA1C while any change in HbA1c value by at least 0.5% is 
considered as both statistically and clinically significant [11]. But the 
present study explored existence of only 14% FPG and 7% PPG with 
0±5% difference. Hence, the direct correlation of plasma glucose 
values with HbA1c could be erroneous. Hence the provision of mean 
was exploited not only to minimise the erratic fluctuations of FPG 
and PPG estimations but also to explore its correlation with HbA1c. 
Even though mean exhibited intermittent features between FPG and 
PPG yet the analytical attributes implicate inclination towards PPG 
features. Relative to plasma glucose estimations mean showed 
modest improvement in proportion of samples at each percentage 
difference range.

Only a couple of studies demonstrated the impact of FPG and PPG 
on the overall glycaemic indicator, HbA1c. In one of those study, 
based on the degree of glycaemic control, the relative predominant 
contribution of PPG in moderate diabetics whereas FPG with diabetes 

[Table/Fig-11]: Proportions of percentage difference of FPG (mg/dL), PPG (mg/dL) 
and Mean (mg/dL) with respect to eAG of HbA1c (mg/dL). (FPG: Fasting plasma 
glucose; mean: mean of FPG and PPG; PPG: Postprandial plasma glucose; and 
eAG: estimated average glucose of HbA1c).

[Table/Fig-13]: Changes in the AUC of FPG, PPG and Mean (mg/dL) with gradual 
increase in HbA1c intervals [FPG: Fasting plasma glucose; PPG: Postprandial 
plasma glucose; Mean: Mean of FPG and PPG; AUC: Area under the curve derived 
from Receiver operating characteristic (ROC) curve; group A: ≤7% Vs >7% to ≤8%; 
group B: ≤8% vs >8% to ≤9%; group C: ≤9% vs >9% to ≤10%; group D: ≤10% vs 
>10% to ≤11%; group E: ≤11% vs >11% to ≤12%; and group F: ≤12% vs >12%).

[Table/Fig-12]: Proportions of percentage difference between FPG (mg/dL), PPG (mg/dL) and mean (mg/dL) with respect to estimated Average Glucose (eAG, mg/dL) of 
HbA1c at various intervals. (FPG: Fasting plasma glucose; PPG: Postprandial plasma glucose; mean: mean of FPG and PPG).
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0±5% 12 14 10 14 20 7 14 23 4 10 20 7 18 15 12 20 13 5 17 6 9 10 14 11

0±10% 29 35 16 27 37 15 27 39 8 20 38 18 29 33 23 34 29 14 35 35 19 27 27 21

0±15% 44 51 22 39 49 22 39 53 15 35 50 26 40 44 27 45 44 27 46 46 24 35 37 25

0±20% 62 60 27 51 63 31 52 66 24 47 67 34 50 60 37 56 57 33 65 56 26 43 43 38

0±25% 77 69 31 62 73 39 67 76 31 56 74 43 60 69 42 67 73 43 76 70 39 52 57 46

0±30% 89 76 37 75 80 48 80 83 41 72 80 50 72 79 50 78 80 56 81 78 48 56 67 40

worsening was demonstrated [16]. Probably this understanding 
could be extrapolated as the reason behind the observations with 
respect to concordance percentages in both major and subgroups 
as well as changes in the AUC of FPG and PPG with increasing 
HbA1c intervals in the present study. In another study, it had been 
demonstrated that basal insulin therapy primarily reduces FPG 
but subsequent treatment with oral antidiabetic drugs, especially 
in patients with uncontrolled hyperglycaemia, PPG accounted for 
the majority of residual hyperglycaemia [28]. In the present study, 
inclination of analytical attributes of mean towards PPG features 
probably suggests the relevance towards the existence of residual 
hyperglycaemia due to PPG. Of note, PPG is also acknowledged 
as an independent risk factor for cardiovascular deaths [34,35]. 
Hence, most of the recent treatment guidelines comprised not only 
specific FPG targets but also PPG and A1c targets.

Accumulating body of evidence also demonstrates the broad-spectrum 
application of HbA1c even in diagnosis of diabetes mellitus, as a 
predictor of lipid profile and; elevated levels implicating significant risk 
for cardiovascular diseases and stroke in individuals with diabetes [36]. 
Indubitably, it’s elevated levels was also known to alarm the individual’s 
susceptibility to and macrovascular diabetic complications. On the 
other side, further insistence was on improving glycaemic control in 
T2DM patients rather than treating dyslipidemia for the prevention of 
diabetic complications [37]. Even on a comprehensive note and in 
lines of basic understanding of biomolecular integration of glucose 
metabolism in pathophysiological conditions, chronic hyperglycaemia 
is the main felon for diabetic complications and comorbidities [38,39]. 
Recent cohort study reports association of hyperglycaemia with hospital 
mortality in non diabetic COVID-19 patients [40]. Hence, maintenance 
of glycaemic status should be adage of diabetic treatment. However, 
as snapshots of plasma glucose estimation (FPG/PPG) are susceptible 
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to erratic fluctuations, clinical decisions drawn solely on such glucose-
based estimations (FPG/PPG) could be perilous. Eventually, even clinical 
decisions cannot be moulded based on only HbA1c measurement. 
Therefore, tuning the treatment approaches using glucose-based 
estimations at regular short intervals and evaluating whether or not 
success using the HbA1c target could be meritorious. In order to 
improve the accessibility of HbA1c tests to every diabetic patient in 
India, the facility can be standardised, centralised, and subsidised. The 
samples can be pooled, mobilised, analysed and the reports can be 
released within stipulated turn-around time.

Limitation(s)
The limitations of the present study comprise the non involvement 
of the independent population which was more general. Hence, 
these observations may not be generalisable to the overall 
population due to the existence of baseline differences between the 
subjects recruited in the present study and the general population. 
Moreover, the present study was also unable to establish the 
relative contribution of glucose-based measurement at various 
intervals of HbA1c. However, the present study provides insight 
into risks associated with adopting glucose-based estimations 
as an alternative to HbA1c estimation and on the feasible merits 
of combined application of both in achieving desired levels of 
glycaemic control in T2DM. Further, rigorous validation studies are 
warranted in the Indian population in order to establish the cut-off as 
treatment targets for FPG and PPG in order to achieve HbA1c ≤7%. 
Owing to the analytical attributes in the present study, the provision 
of involving mean can also be further evaluated. 

CONCLUSION(S)
On direct comparison to eAG: FPG with narrower interpercentile 
range underestimated whereas both PPG and mean overestimated 

but only mean had relatively narrow interpercentile range in the 
major as well as subgroup analysis. Weak to moderate sensitivity 
encompassing only poor sample size with 0±5% percentage 
difference was inherent in plasma glucose measurements. Hence, 
neither from a diagnostic laboratory nor clinical point of view, the 
output of the in-depth analysis of the present study warrants the 
utility of the glucose-based measurements as an economical 
alternative to HbA1c. Rather close monitoring of glucose-based 
measurements and accordingly tuning the treatment modalities in 
order to achieve clinically desired glycaemic control; the success 
of which can be evaluated using HbA1c measurement could be 
meritorious. 

REFERENCES
 Dunachie S, Chamnan P. The d[1] ouble burden of diabetes and global infection in low 

and middle-income countries. Trans R Soc Trop Med Hyg. 2019;113(2):56-64.
 Banerjee J, Dhas Y, Mishra N. Middle-aged Indian with type 2 diabetes are [2]

at higher risk of biological ageing with special reference to serum CDKN2A. J 
Diabetes Res. 2020;2020:7569259.

 Vijayakumar G, Manghat S, Vijayakumar R, Simon L, Scaria LM, Vijayakumar [3]
A, et al. Incidence of type 2 diabetes mellitus and prediabetes in Kerala, India: 
results from a 10-year prospective cohort. BMC Public Health. 2019;19(1):140. 

 Tripathy JP. Burden and risk factors of diabetes and hyperglycaemia in India: [4]
findings from the Global Burden of Disease Study 2016. Diabetes Metab Syndr 
Obes. 2018;11:381-87.

 Daryabor G, Atashzar MR, Kabelitz D, Merri S, Kalantar K. The effects of type 2 [5]
diabetes mellitus on organ metabolism and the immune system. Front Immunol. 
2020;11:1582.

 Sherwani SI, Khan HA, Ekhzaimy A, Masood A, Sakharkar MK. Significance of [6]
HbA1c test in diagnosis and prognosis of diabetic patients. Biomark Insights. 
2016;11:95-104.

 Use of glycated hemoglobin in the diagnosis of diabetes mellitus: Abbreviated [7]
report of a WHO consultation. Geneva: World Health Organization; 2011. 
Available from: https:// www.ncbi.nlm.gov/books/NBK304267. Accessed on:13 
August 2021

 American Diabetes Association. 6. Glycaemic targets: Standards of medical care [8]
in diabetes-2018. Diab care. 2018;41(Suppl 1):S55-S64.

 Nathan DM, Kuenen J, Borg R, Zheng H, Shoenfeld D, Heine RJ. Translating the A1c [9]
assay into estimated average glucose values. Diab Care. 2008;31(8):1473-78.

 Ang SH. Thevarajah M, Alias Y, Khor SM. Current aspects in hemoglobin A1c [10]
detection: A review. Clin Chim Acta. 2015;439:202-11.

 Nkengasong JN, Yao K, Onyebujoh P. Laboratory medicine in low-[11]
income and middle-income countries: progress and challenges. Lancet. 
2018;391(10133):1873-75.

 Ketema EB, Kibret KT. Correlation of fasting and postprandial plasma glucose [12]
with HbA1c in assessing glycaemic control; systematic review and meta-analysis. 
Arch Public Health. 2015;73:43.

 Azim W, Mushtaq Gill M, Azim S, Farooq W. Assessment of fasting and two-hour [13]
post-prandial glucose as an economical test for monitoring of glycaemic control, 
compared to glycated hemoglobin. Med Channel. 2011;17(2):05-07.

 Bonora E, Calcaterra F, Lombardi S, Bonfante N, Formentini G, Bonadonna RC, [14]
et al. Plasma glucose levels throughout the day and HbA(1c) interrelationships in 
type 2 diabetes: Implications for treatment and monitoring of metabolic control. 
Diab Care. 2001;24(12):2023-29.

 Sacks DB. A1c versus glucose testing: A comparison. Diab Care. [15]
2011;34(2):518-23.

 Monnier L, Lapinski H, Colette C. Contributions of fasting and postprandial [16]
plasma glucose increments to the overall diurnal hyperglycaemia of type 2 
diabetic patients: variations with increasing levels of HbA(1c). Diab Care. 
2003;26(3):881-85.

 Rosediani M, AzidahAK, Mafauzy M. Correlation between fasting plasma [17]
glucose, post prandial glucose and glycated hemoglobin and fructosamine. Med 
J Malaysia. 2006;61(1):67-71.

 Woerle HJ, Neumann C, Zschau S, Tenner S, Irsigler A, Schirra J, et al. Impact [18]
of fasting and postprandial glycaemia on overall glycaemic control in type 2 
diabetes importance of postprandial glycaemia to achieve target HbA1c levels. 
Diabetes Res Clin Pract. 2007;77:280-85.

 Schernthaner G, Guerci B, Gallwitz L, Rosediani M, Nicolay C, Kraus P, et al. [19]
Impact of postprandial glycaemia to achieve target HbA1c levels. Diabetes Res 
Clin Pract. 2007;77(2):280-85.

 Saeed MK. Postprandial blood glucose marker as a marker of glycaemic control [20]
in type 2 sudanese diabetics. Sudanese J Public Health. 2006;4(1):277-88.

 Gupta S, Puppalwar PV, Chalak A. Correlation of fasting and post meal plasma [21]
glucose level to increased HbA1c levels in type-2 diabetes mellitus. Int J Adv 
Med. 2014;1(2):127-31.

 Saiedullah M, Hayat S, Kamaluddin SM, Begum S. Correlation of fasting and post [22]
prandial plasma glucose with hemoglobin glycation. AKMMC J. 2013;4(2):28-30.

 Haddadinezhad S, Ghazaleh N. Relation of fasting and postprandial and plasma [23]
glucose to hemoglobin A1c in diabetics. Int J Diab Dev Ctries. 2010;30(1):8-10.

 Avignon A, Radauceanu A, Monnier L. Nonfasting plasma glucose is a better [24]
marker of diabetic control than fasting plasma glucose in type 2 diabetes. Diab 
Care. 1997;20(12):1822-26.

B) tabulated cut-off values and correlation analysis report

Studies

Cut-off Correlation analysis

FPG PPG
hba1c Vs 

FPG
hba1c Vs 

PPG

Avignon A et al., 1997 [24] 120 140 0.62 0.81

Bonora E et al., 2001 [14] 120 160 0.48 0.48

Rosediani M et al., 2006 [17] 110 145 0.58 0.60

Saeed MK [20] 120 160 0.60 0.20

Haddadinezhad S and Ghazaleh 
N, 2010 [23]

120 160 0.32 0.43

Azim W et al., 2011 [13] 126 200 0.28 0.44

Gupta S et al., 2011 [21] 120 140 0.68 0.62

Saiedullah M et al., 2013 [22] - - 0.81 0.77

Shreshta L et al., 2013 [27] 120 200 0.45 0.63

Datta S et al., 2014 [26] 110 126 0.84 0.86

Swetha NK 2014 [25] 130 180 0.74 0.76

Current study 140 220 0.66 0.59

a) tabulated cut-off values with sensitivity, specificity and PPV

Studies
Cut-off

Sensitivity 
(%)

Specificity 
(%)

PPV (%)

FPG PPG FPG PPG FPG PPG FPG PPG

Avignon A et al., 
1997 [24]

120 140 69 73 85 92 62 76

Rosediani M et al., 
2006 [17]

110 145 81 75 58.3 80.6 70.6 82.5

Datta S et al., 2014 
[26]

110 126 85 92 81 90 89 95

Swetha NK 2014 [25] 130 180 74 79 84 74 87 80

Current study 140 220 78.2 70.4 71.1 74.1 41.9 42

[Table/Fig-14]: Tabulations of cut-off for good glycaemic control (mg/dL), sensitiv-
ity, specificity and PPV as well as correlation analysis between HbA1c and plasma 
glucose measurements of previous and current study [13,14,17,20-27].



K Mathu Mathi and MVP Chowdary, HbA1c and Plasma Glucose Estimations in Monitoring Glycaemic Status www.njlm.net

National Journal of Laboratory Medicine. 2022 Jul, Vol-11(3): BO29-BO363636

 Swetha NK. Comparison of fasting blood glucose & post prandial glucose with [25]
HbA1c in assessing the glycaemic control. International J of Healthcare and 
Biomedical Research 2014;2(3):134-39.

 Datta S, Pal M, Mitra R, Ganguly A, Basu S, Manna S. Value of assessing postprandial [26]
and fasting plasma glucose as a surrogate for glycated hemoglobin in diabetic 
glycaemic control. World J of Pharmaceutical Research. 2014;3(9):494-503.

 Shrestha L, Jha B, Yadav B, Sharma S. Correlation between fasting blood glucose, [27]
postprandial blood glucose and glycated hemoglobin in non insulin treated type 
2 diabetic subjects. Sunsori Technical College Journal. 2013;1(1):18-21.

 Riddle M, Umpierrez G, DiGenio A, Zhou R, Rosenstock J. Contributions of basal [28]
and postprandial hyperglycaemia over a wide range of A1c levels before and after 
treatment intensification in type 2 diabetes. Diabetes Care. 2011;34:2508-14.

 Arifin WN. Sample size calculator (web) [Internet]. 2021. Available from http://[29]
wnarifin.githun.io. Accessed on:13 August 2021.

 Buderer NM. Statistical methodology:I. Incorporating the prevalence of disease [30]
in to the sample size calculation for sensitivity and specificity. Acad Emerg Med. 
1996;3(9):895-900.

 Meenakshisundaram N, Gandhimathi M. Prevalence of type 2 diabetes and [31]
Indian diabetes risk score assessment in a selected urban area, Coimbatore, 
Tamilnadu. IJCRT. 2018;6(2):983-88.

 Bujang MA, Ghani PA, Zolkepali NA, Selvarajah S, Haniff J. A comparison [32]
between convenience sampling versus systemic sampling in getting the true 
parameter in a population: Explore from a clinical database: The Audit Diabetes 
Control Management (ADCM) registry in 2009: Proceedings of the international 
conference Statistics Sciences Business Engineering. 2009;2012:15.

 Bujan MA, Sa’at N, Joys AR, Mohamad Ali M. An audit of the statistics and the [33]
comparison with the parameter in the population. AIP Conference Proceedings, 
2015;1682:050019.

 Haffner S. The importance of postprandial hyperglycaemia in development [34]
of cardiovascular disease in people with diabetes: point. Int J Clin Pract. 
2001;123(Suppl):24-26.

 International Diabetes Federation Guideline Development Group. Guideline [35]
for management of postmeal glucose in diabetes. Diabetes Res Clin Pract. 
2014;103(2):256-68.

 Khan HA, Sobki SH, Khan SA. Association between glycaemic control and [36]
serum lipids profile in type 2 diabetic patients: HbA1c predicts dyslipidaemia. 
Clin Exp Med. 2007;7(1):24-29.

 Vaag AA. Glycaemic control and prevention of microvascular and macrovascular [37]
disease in the Steno 2 study. Endocr Pract. 2006;12(Suppl 1):89-92.

 Papachristoforou E, Lambadiari V, Maratou E, Makrilakis K. Association of [38]
glycaemic indices (hyperglycaemia, glucose variability and hypoglycaemia) 
with oxidative stress and diabetic complications. J Diabetes Res. 
2020;2020:7489795.

 Penna C, Andreadou I, Aragno M, Beauloye C, Bertrand L, Lazou A, et al. Effect [39]
of hyperglycaemia and diabetes on acute myocardial ischemia-reperfusion 
injury and cardioprotection by ischaemic conditions protocols. Br J Pharmacol. 
2020;177(23):5312-35.

 Mamtani M, Athawale AM, Abraham M, Vernik J, Amarah AR, Ruiz JP, et al. [40]
Association of hyperglycaemia with hospital with hospital mortality in nondiabetic 
COVID-19 patients: A cohort study. Diabetes Metab. 2021;47(3):101254.

PartiCuLarS oF CoNtriButorS:
1. Ex-Postgraduate, Department of Biochemistry, KMCH Institute of Health Sciences and Research, Coimbatore, Tamil Nadu, India.
2. Associate Professor, Department of Biochemistry, KMCH Institute of Health Sciences and Research, Coimbatore, Tamil Nadu, India.

PLaGiariSM ChECKiNG MEthodS: [Jain H et al.]

•  Plagiarism X-checker: Oct 29, 2021
•  Manual Googling: Jan 22, 2022
•  iThenticate Software: Feb 18, 2022 (6%)

EtyMoLoGy: Author OriginNaME, addrESS, E-MaiL id oF thE CorrESPoNdiNG author:
Dr. MVP Chowdary,
Department of Biochemistry, KMCH Institute of Health Sciences and Research, 
Avinashi Road, Coimbatore-641014, Tamil Nadu, India.
E-mail: chowdarymvp@gmail.com

Date of Submission: oct 28, 2021
Date of Peer Review: Nov 17, 2021
Date of Acceptance: Jan 27, 2022

Date of Publishing: Jul 01, 2022

author dECLaratioN:
•  Financial or Other Competing Interests:  None
•  Was Ethics Committee Approval obtained for this study?   Yes
•  Was informed consent obtained from the subjects involved in the study?  No
•  For any images presented appropriate consent has been obtained from the subjects.  NA

http://europeanscienceediting.eu/wp-content/uploads/2016/11/ESENov16_origart.pdf

