OPEN G ACCESS South Asian Journal of Life Sciences

Research Article @ CrossMark

Blood Ketones and HbA1c— Pan-India Report on Values, Trends and

Outcome

CAESAR SENGUPTA, SANDHYA IYER*, VELUMANI A, AMRUTA V, PRACHI SINKAR
) b '] b

Biochemistry Division, Thyrocare Technologies Limited, Plot No.D37/1, TTC Industrial area, MIDC, Turbhe, Navi
Mumbai - 400703, India.

Abstract | Objectives: Glycated hemoglobin analysis is the gold-standard to guide diabetes management and screen-
ing for diabetic ketoacidosis. Though testing for Alc is a recommendation, correlation with ketone levels has been
studied using many variables like fasting blood glucose, mean glucose levels, etc. Our study report is an attempt to doc-
ument blood ketone levels in relation to measured Alc levels. Study Design: This is a retrospective reference lab-based
study. Methods: A total of 429,051 adults including 234,121 males and 194,930 females were tested for HbA1c as well
blood ketone levels. Measurement for Alc was done using High Performance Liquid Chromatography, while blood
ketones were assessed by photometry technology. Results: Outcome analysis was done by assessing for levels of blood
ketone across different HbAlc reporting criteria of normal and good control up until the poor control range of >10.0%
(86 mmol/mol). Trend analysis to study relation between HbA1lc and ketone levels detected, a significant positive as-
sociation between Alc levels >/= 15.0% (140 mmol/mol) and blood ketone levels. Conclusion: Our report highlights
Alc levels of> 15.0% (140 mmol/mol) to be a significant cut-off to identify patients at risk for diabetic ketoacidosis.

Keywords: Glycated hemoglobin, India, Blood ketones, Ketoacidosis

Editor | Muhammad Nauman Zahid, Quality Operations Laboratory, University of Veterinary and Animal Sciences, Lahore, Pakistan.

Received | January 12,2019 Accepted | February 22, 2019; Published | April 01,2019

*Correspondence | Sandhya Iyer, Biochemistry Division, Thyrocare Technologies Limited, Plot No.D37/1,TTC Industrial area, MIDC, Turbhe, Navi Mumbai
- 400703, India; Email: sandhya.iyer@thyrocare.com

Citation | Sengupta C, Iyer S, Velumani A, Amruta V, Sinkar P (2019). Blood ketones and hbalc — pan-india report on values, trends and outcome. S. Asian J.
Life Sci. 7(1): 19-24.

DOI | http://dx.doi.org/10.17582/journal.sajls/2019/7.1.19.24

ISSN | 2311-0589

Copyright © 2019 Sengupta et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION tegrated measure for glycemic variations from normogly-

cemia to hypoglycemia as well as fasting and post prandial
hyperglycemia (Makris and Spanou, 2011). Alc has also
been included as a recommendation criteria for diagnosis of
diabetes mellitus (International Expert Committee, 2009).
Diabetic ketoacidosis (DKA), a preventable life-threat-
ening diabetes-associated complication which highlights
severe insulin deficiency is documented to cause adverse
neurocognitive outcomes and its presence during diagno-
sis of Type 1 diabetes is considered to be a marker of poor

lycated hemoglobin (HbA1lc) analysis which indi-

cates an average of blood glucose levels over the past
two - three months is considered to be the gold standard for
monitoring chronic glycemia among individuals with dia-
betes (Nathan, et al., 2007). The potential to use Alc mon-
itoring as an efficient clinical tool for monitoring risk for
complications has also been published by the United King-
dom Prospective Diabetes Study and the Diabetes Control ]
and Complications Trial (DCCT) (Kilpatrick, 2008). Alc metabolic state and depleted beta} cell reserve (l'z‘el.fnandez
values have also been associated with identifying risk of ¢t al., 1?96)‘ In case of Type 2 .d{abetes,'D KA. 1§ Increas=
diabetes-associated complications like diabetic retinopathy }ngly being recognized as an initial manifestation (Um.p—
and nephropathy (Penno et al., 2013; Kawasaki et al., 2011;  1€17€2 et al., 1999). It generally follows absolute or relative
Waden et al., 2009). Thus HbA1c is concluded to be an in- insulin deficiency which results in lipolysis and ketogene-
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sis. Though buffered initially, ketone bodies are acidic and
hence at increased levels results in acidosis. The block in
identifying DKA is the lack of apparent diagnosis apart
from conflicting criteria like hyperglycemia not been seen
in all cases and also detection of low blood ketones as well
(<3 mmol/L) (Misra and Oliver, 2015). Studies involved
in documenting relation between DKA and HbA1c, have
identified presentation of this acute metabolic complica-
tion of diabetes to be co-occurring with high HbAlclevels.
Thus DKA has been postulated to occur in the background
of chronic hyperglycemia in existing as well as newly diag-
nosed cases (Ekpebegh et al., 2014). Further studies which
have assessed DKA at diagnosis of Type 1 diabetes have
identified sustained negative effect of the same on glyce-
mic control in affected children during the following peri-
od of 15 years. This study also highlighted DKA beyond an
acute complication of diabetes as a harbinger of high mor-
bidity and mortality associated with poor glycemic control.
A multivariate analysis in the same study also identified
DKA at diagnosis to predict elevated longitudinal HbAlc
levels independently (Duca et al., 2017).

Many studies though have assessed relation between DKA
and high HbA1c levels; very few have actually identified a
strong Alc cut-off value to identify definitive risk of aci-
dosis. A recent study on HbA1c as a screening tool for pa-
tients with type 2 diabetes mellitus identified probability of
ketosis to concur with HbAlc values of >/= 10.1% among
the newly diagnosed, and at >/= 8.6% among previously
diagnosed (Zhu et al., 2016). Determining population spe-
cific Alc cut-off values for risk of ketosis also becomes an
asset for clinical management and our report is an attempt

to present the same in a large pan-India cohort of over 4
lakh individuals tested.

METHODS

Stupy DESIGN

'This is a retrospective study involving analysis of data col-
lected at our reference lab through samples referred for
routine testing.

Stupy CoHORT

Data from a total of 429,051 individuals tested for HbA1lc
and blood ketones including 234,121 males and 194,930
females were included for the analysis. This retrospective
analysis did not involve any informed consent declaration
as the samples were tested in a reference laboratory and
not a hospital-based set up. Apart from gender, no other
patient identifiers were used in this study. Further cohort
characteristics have been highlighted in Table 1.

EstimatioN oF HBA1c AND BLooD KETONES
EDTA whole blood was used for estimation of HbA1c us-

ing the analytical technology of High Performance Liquid
Chromatography (HPLC; Biorad Variant II Turbo). The
technique involves use of a cation exchange column and a
gradient elution with three fluid steps using buffers with
different salt concentrations. The run time for each sam-
ple was set at 1.6 minutes and the absorbance measured
at 415 nm. For quality control, dedicated Biorad analytical
controls (Hercules, CA) were tested with each analytical
run and involved two ranges; low and high. The long term
quality performance was also assessed by the L] plots to
check for trends and deviations.

Table 1: Cohort characteristics

Cohort N Mean Mean HbAlc Median
Age values (%) blood ketone
(Years) values
(mg/dL)
Males 234121 47 +/- 6.6 +/-1.7 0.3
14 (49 mmol/mol)
Females 194930 47 +/- 6.3 +/-1.6 0.3
14 (45 mmol/mol)
Total 429051 47 +/- 6.5+/-1.6 0.3
14 (48 mmol/mol)

Estimation of blood ketone was done using serum and
the technology of photometry (Advia 2400) was used.
'The beta-hydroxybutyrate assay kit (Beijing Strong Bio-
technologies, Inc. China) was used for testing. The assay
works on enzymatic oxidation of D-3-hydroxybutyrate to
acetoacetate along with concomitant reduction of cofactor
NAD-+ to NADH. Associated change in absorbance is the
correlated to D-3-hydroxybutyrate concentration. Quality
control assay involved use of Randox Assayed Multi-sera.

RESULTS

Analysis of relation between HbA1c values and blood ke-
tone levels was done considering the reporting ranges of
the former. Blood ketone values of 0.21 — 2.81 mg/dL is
considered to be normal for reporting. Frequency analy-
sis of different HbAlc reporting groups with the average
blood ketone levels have been represented in Table 2.

Further, trend analysis was also done for each of the HbAlc
reporting groups in relation to blood ketone levels of that
specific cohort. For the HbAlc values in ranges of Nor-
mal, Good control, Fair control and Unsatisfactory control,
no significant trend was observed between Alc and blood
ketone values. For the poor control indicating Alc values
above 10.0% (86 mmol/mol), a slight positive trend was
noted though not significant. To identify a specific HbAlc
cut-off value of significance in relation to blood ketone val-
ues, another trend analysis of HbAlc values above 15.0%
(140 mmol/mol) was done. This trend was detected to be
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Table 2: Frequency in different HbAlc reporting groups

HbA1c Reporting Total Males Females Statistical significance
Frequency (%) Frequency (%) Frequency (%)
Normal (<6.0%; 42 mmol/mol) 56.0 53.0 60.0 No significance
Good control (6.0 - 7.0%; 42 — 53 22.0 22.0 22.0 No significance
mmol/mol)
Fair control (7.0 - 8.0%; 53 — 64 8.6 9.7 7.2 Significant at p < 0.05 by two-
mmol/mol) tailed Z test
Unsatisfactory control (8.0 - 10.0%; 8.2 9.5 6.6 Significant at p < 0.05 by two-
64 — 86 mmol/mol) tailed Z test
Poor control (> 10.0%; 86 mmol/mol) 5.1 5.8 4.3 Significant at p < 0.05 by two-
tailed Z test
Table 3: Frequency analysis of blood ketone levels
Beta Ketone Total Males Females Statistical significance Mean HbA1c values (%)
levels Frequency (%) Frequency (%) Frequency (%)
< 0.21 mg/dL. 30.0 26.0 34.0 Significant at p < 0.05 by 6.1+/-1.1
two-tailed Z test (43 mmol/mol)
> 2.81 mg/dL 2.0 2.3 1.5 Significant at p < 0.05 by 7.3 +/-2.8
two-tailed Z test (56 mmol/mol)
Table 4: Alc clinical ranges with average blood ketone and statistical significance
Sr. HbA1clevels Median blood ketone  IQR for blood ketone Significance
No (mg/dL) (mg/dL)
1 < 6.0% 0.3 0.2 No
(42 mmol/mol)
2 6.0% - 7.0% 0.3 0.3 No
(42 — 53 mmol/mol)
3 7.0% - 8.0% 0.4 0.3 No
(53 — 64 mmol/mol)
4 8.0% - 10.0% 0.4 0.4 No
(64 — 86 mmol/mol)
5 10.0% - 15.0% 0.5 0.6 No
(86 — 140 mmol/mol)
6 > 15.0% 1.4 3.2 Significant at p<0.05
(140 mmol/mol)
statistically ~significant by linear regression analysis T)JSCUSSION

F(1,584) = 12.2, p < 0.05. Also, Odds ratio analysis among
males between the Alc value >/= 10.0% (86 mmol/mol)
and >/= 15.0% (140 mmol/mol) detected the odds to be
1.1 (95% CI: 0.9 to 1.3) while among females it was low at
0.9 (95% CI: 0.8 to 1.1).

Further analysis on frequency of high and low blood ke-
tone was also done in relation to mean HbA1lc levels in
these cohorts. The outcome has been highlighted in Table
3.Trend analysis did not yield any significant observations.
The relationship between different Alc clinical reference
ranges and the associated blood ketone averages have been
summarized in Table 4.

DKA which is a major metabolic complication has been
widely studied in relation to type 1 diabetes and has been
widely reviewed in published literature as well. Diagno-
sis of DKA involves three biochemical indications like
ketones in serum or urine, elevated plasma glucose (>250
mg/dL) and acidosis (Eledrisi et al., 2006). Studies which
focus on reporting inpatient mortality rates for DKA have
identified the frequency to be low at <1% in Scotland and
USA, while in India, the reported cases account for about
30% (Gibb et al., 2016; Kitabchi et al., 2009; Agarwal et
al., 2016). Thus opposed to popular belief majority cases
of DKA occurs among the established patients, while only
about 1 in 10 occur among the undiagnosed (Laftel, 2007).
Further, though prevalence of DKA during disease pres-
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entation is well documented among pediatric cases, among
adults it largely remains unexplored. Detection of high fre-
quency of DKA has been attributed to many risk factors
like high mean HbA1c levels, young age, low physical ac-
tivity and socioeconomic status, certain infections as well
as psychological ailments (Butalia et al., 2013; Lebenthal et
al., 2012; Bohn et al., 2015; Trief et al., 2014). Prevalence
of DKA has also been published with relevance to HbAlc
values, wherein high incidence has been recorded among
patients with fair or poor glycemic control i.e HbAlc >/=
8.5%, while lowest prevalence being among patients with
good glycemic control i.e HbAlc <6.5% (Simmons et al.,
2013). With this background, our study was aimed at de-
termining the HbAlc cut-oft values among Asian Indians
to predict risk towards development of DKA.

Our report which has been generated after analyzing test
outcomes from a cohort of 429,051 Asian Indians has
identified the frequency of poor control cases i.e those ex-
hibiting HbAlc >10.0% (86 mmol/mol) to be 5.1%. The
frequency among males was higher at 5.8% as compared
to females at 4.3% and this difference was statistically sig-
nificant at p<0.05. Though poor control as a status only
explains glycemic control and outcome of diabetes man-
agement strategies in place, many studies across different
population groups from India have recorded different
HbA1lc cut-off for detecting diabetes. Published studies
from North and South regions of the country together
highlight HbAlc values >/= 6.0 — 6.4% to be the opti-
mal cut-off (Snehalatha et al., 2000; Kumar et al., 2010).
Another study, which worked on reporting HbA1c values
for defining diabetes and impaired fasting glucose among
Asian Indians detected the cut-oft values to be much lower
at >/= 5.8% for the newly diagnosed individuals with dia-
betes (Nair et al., 2011). In our report though analysis has
been done based on clinical diagnostic reporting ranges for
classifying status of glycemic control, the comparison with
blood ketones aids in identifying true at-risk cohort for
ketoacidosis, for which one of the proven risk factor is high

mean HbA1c levels.

Blood ketone analysis done in our cohort considering clin-
ical range of between 0.21 — 2.81 mg/dL, identified 2.0%
to be the frequency among those harboring high and the
frequency among males was higher at 2.3% compared to
females at 1.5% with the difference being statistically sig-
nificant at p<0.05. The mean HbAlc level in this cohort
was detected to be 7.3 +/- 2.8% (56 +/- 9 mmol/mol). Ke-
tone analysis in urine has some inherent drawbacks where-
in estimation includes only acetoacetate and acetone but
not beta-hydroxybutyrate levels of which have shown the
best decline post successful insulin and rehydration thera-
py corresponding well with the overall ketone concentra-
tion trend. This can lead to misinterpretation causing un-
necessary overtreatment. Further, testing for the same has

also been shown to be highly hydration dependent, thereby
passing on the onus to the patient involved (Laftel, 2007).
However, in our assay, analysis of blood ketones has been
done which estimates the D-3-hydroxybutyrate in serum
and plasma. Since D-3-hydroxybutyrate accounts for 75%
of the ketone bodies during periods of ketosis, its levels
have been shown to rise much higher than the other two;
acetoacetate and acetone (McMurray et al., 1984). Thus,
we overcome the inherent flaw of the urine ketone testing
assay.

Comparison between different HbA1c levels and trend in
blood ketone values, detected a significant positive corre-
lation from HbA1c values of >/= 15.0% (140 mmol/mol).
'Though this value looks clinically high, it still indicates a
trend which cannot be overlooked among adults with di-
abetes. For HbA1c values of >/= 10.0% (86 mmol/mol),
though a weak positive correlation was noted, statistical
strength was detected to be drawn only for Alc values of
>/=15.0% (140 mmol/mol). However, the adjusted OR
(95% CI) between males in the >/= 10.0% (86 mmol/
mol) HbAlc group and >/= 15.0% (140 mmol/mol) Alc
group was 1.1 (95% CI: 0.9 to 1.3). In case of females,
lower odds were however detected at 0.9 (95% CI: 0.8 to
1.1). However, the >/= 15.0% analysis cohort did exhibit
significant linear regression at p<0.05. One Nature report
which has analyzed HbAlc as a screening tool for ketosis
in patients with type 2 diabetes mellitus, documented Alc
levels correlation with ketosis. This retrospective analysis
of 253 type 2 diabetes affected with ketosis and a control
group of 221 without ketosis detected ketosis to be a likely
probable event at HbA1c values of >/= 10.1% for the new-
ly diagnosed, while values of >/= 8.6% among patients with
previous diagnosis (Zhu et al., 2016).

CONCLUSION

Our report is one of the first few to document an HbAlc
cut-off value of >/= 15.0% (140 mmol/mol) as risk for ke-
tosis in a large pan-India cohort of over 4 lakh individu-
als. Though our study carries the inherent drawback of not
knowing percentage of type 1 and type 2 diabetes affected
individuals in the cohort, HbAlc does remain a measure
for glycemic management among both and DKA a high-

risk preventable complication.

LIMITATIONS OF THE STUDY
'The authors would like to highlight the following draw-
backs of this study;

Type I and II diabetes was not difterentiated for analysis
Only D-3-hydroxybutyrate blood ketone was measured
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