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Abstract

This case study presents the effects of approximately 2.5 months of low-carbohydrate dietary
intervention in a 65-year-old woman who had chronic type-2 diabetes for approximately 4 years and
had recently undergone bilateral knee replacement surgery. The intervention's primary aim was to
tackle the markers of insulin resistance and type-2 diabetes. Results have demonstrated noticeable
improvements in numerous important health indicators. The glycated haemoglobin (HbALc) levels
have decreased from 7.10% to 6%. Body weight has reduced from 78 kg to 71.5 kg, and Body Mass
Index (BMI) has reduced from 30.46 to 27.92 kg/m?>—these changes have occurred without
employing calorie-deficit and exercises or increased physical activity, implying low-carbohydrate
intervention’s potential in reducing weight. The lipid profile has improved—the Triglycerides (TG)
to High-Density Lipoprotein (HDL) ratio, a well-established predictor of cardiovascular disease, has
reduced from 4.23 to 2.65. Collectively, the results indicate low-carbohydrate intervention’s
significance in managing and potentially reversing the markers of insulin resistance and type-2
diabetes.

Additionally, a positive change in eating behaviour and habits has been observed—Iikely because of
age-friendly communication, involving family members in the consultations, encouraging positive
dietary changes in the overall family members, providing various recipes, tailoring a personalised
diet chart, providing guidelines to navigate through social and festive situations, and regularly
repeated consultations. Although this is an approximately 2.5-month single-person case study and
thus has its inherent limitations for generalisation, its results corroborate with the growing body of
strong empirical evidence, suggesting the usefulness of low-carbohydrate intervention in type-2
diabetes and insulin resistance management. Furthermore, the results of this case study underline the
importance of personalised dietary intervention and comprehensive support for adhering to it.
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This case study adds to the current knowledge pertaining to dietary interventions by highlighting the
conceivable benefits and evident relevance of a tailored low-carbohydrate dietary intervention in
improving metabolic health markers and addressing insulin resistance in an older adult with chronic
type-2 diabetes. In order to validate the results of this approximately 2.5-month single-person case
study and to explore the broader benefits and applicability of low-carbohydrate interventions in older
adults with chronic type-2 diabetes, further research with multiple participants (larger group) is
needed with long-term intervention.

Keywords: Older adults, Geriatrics, Low-carbohydrate, Type-2 diabetes, Eating behaviour, Eating
habits, Age-friendly communication, Diabetes remission, Weight loss, Lipid profile, Metabolic
health.

1) Introduction

As Saklayen (2018) %1 reported, insulin resistance is one of the most common health disorders in the
world. It concerns approximately fifty percent of all adults in countries located in North America
(Menke, Casagrande, Geiss, & Cowie, 2015) 2 the Middle East (Abuyassin & Laher, 2016) [,
and Asia (Hu & Jia, 2018) 4. Insulin resistance not only has a shockingly high prevalence, but it
also raises the risk of a wide variety of non-communicable diseases, such as, but not limited to, cancer
(Kasper & Giovannucci, 2006) [*71, cardiovascular diseases (Wang et al., 2018) 471, and dementia (De
La Monte & Wands, 2008) [ Therefore, considering this severe global public health challenge, it
becomes clear how urgent it is to cease the worldwide rise in insulin resistance and uncover
techniques that may turn the trend around.

A wide variety of pharmacological therapies are often employed in order to improve insulin
sensitivity. This is primarily due to the rising prevalence of insulin resistance as well as a variety of
pathophysiologies that are associated—and arrives—with it. Several of these pharmacological
treatments focus on decreasing the amount of glucose absorbed by the intestinal tract (via the usage
of alpha-glucosidase inhibitors, for example) or increasing the amount of glucose excreted by the
kidneys (for example, Sodium-Glucose Cotransporter-2 [SGLT2] inhibitors). Side effects such as
osmotic diarrhoea (Playford, Pither, Gao, & Middleton, 2013) 7 and urinary tract infections
(Johnsson et al., 2013) (61 [imit the enthusiasm and across-the-board adoption of these treatments,
despite the varying effectiveness of these treatments in lowering blood glucose and insulin levels and
increasing insulin sensitivity (reducing insulin resistance). Contrary to the use of pharmaceuticals in
an effort to slow down glucose absorption or speed up glucose excretion, a more logical approach
would be to cut down on the amount of (dietary) glucose consumed.

Regarding lowering insulin resistance, as Knowler et al. (2002) 2% explained, lifestyle therapy may
be a well-established alternative—or can provide additional support—to current pharmacological
treatments. In light of the metabolic effects and response of a dietary carbohydrate intake (which
raises blood glucose and insulin levels), an efficient dietary approach may place a greater emphasis
on dietary proteins and fats (Nuttall & Gannon, 1991) 21, Dietary proteins and fats have a negligible
influence, if any influence at all, on blood glucose and insulin levels (Nuttall & Gannon, 1991) [,
The purpose of publishing this case study is to report the improvement in the markers of insulin
resistance and type-2 diabetes in a 65-year-old woman subject after following approximately 2.5
months of a low-carbohydrate dietary intervention. At the starting point of the intervention, the
subject was chronically type-2 diabetic (for approximately 4 years) and had then-recently (1 month
earlier) undergone bilateral knee replacement surgery.

2) Material and methods

2.1) Subject

The subject (65-year-old woman) self-approached (via her 30-year-old son) Public Health India on
24" of March 2022 for a dietary consultation in order to address 2 primary issues: first, chronic (for
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approximately 4 years) type-2 diabetes with elevated levels of glycated haemoglobin (HbAZ1c);
second, overweight, which was, in effect, putting significant pressure on subject's newly operated
knees, and was making the subject difficult to walk, move, or to perform any activity involving knee
joints.

On 26™ of March 2022, employing age-friendly communication (National Institute on Aging [NIA],
2023) B9 the subject received an online pre-consultation (half hour), familiarising her with the nature
of the dietary and lifestyle changes she might go through. After the subject's positive response to the
pre-consultation, and after receiving the relevant reports, i.e., body weight, Body Mass Index (BMlI),
HbA1c, blood glucose levels (mean and 1.5-hours postprandial), blood lipid profile, and abdominal
sonography (all executed and evaluated by qualified pathologist and radiologist), a detailed
assessment and comprehension of the subject's health and pathology status was accomplished by an
experienced certified nutritionist. Also, the subject's health goals were appropriately understood,
which were—preference-wise—addressing type-2 diabetes and reducing body weight and BMI.

In light of the aforementioned careful assessments and comprehension of the subject's health status
and a thorough grasp of the subject's health goals, the same nutritionist developed a low-carbohydrate
dietary intervention (timeline: 271-29" of March 2022). Then on 29" of March 2022, the nutritionist
delivered 4-5 hours of a face-to-face major-consultation to the subject (involving the subject's family),
explaining the designed intervention and its rationale interactively. In this detailed consultation, along
with the nutritional and lifestyle changes, robust scientific evidence, theories, practical examples, and
explanations were discussed interactively. The subject was encouraged to ask questions about the
low-carbohydrate dietary intervention and its science and practice, and the nutritionist addressed
them. Once the subject was fully informed and satisfied with the intervention (and its rationale,
design, and feasibility), the intervention was implemented on 30" of March 2022 with the informed
consent.

2.2) Baseline data
During the implementation of the intervention, the subject's reports were as shown in figure 1.

Baseline data of the subject

Weight 78 kg

BMI 30.46 kg/m"2
HbAlc 7.10%

Fatty Liver status Grade 1
Low-Density Lipoprotein (LDL) 112 mg/dl
High-Density Lipoprotein (HDL) 43 mg/dl
TG:HDL ratio 4.23

Figure 1: Baseline data. Presented in Pathare and Chaudhary (2024).

2.3) Intervention

After delivering the previously mentioned (see section subject) pre-consultation (half-hour [online]),
major-consultation (4-5 hours [face-to-face]), and theoretical and practical (application-based)
knowledge of the low-carbohydrate dietary intervention (collectively via pre and major
consultations), the subject received a low-carbohydrate (and rich in naturally occurring proteins and
healthy fats) diet plan designed by a certified nutritionist. Consistently, age-friendly communication
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was employed in all interactions. As suggested by NIA (2023) B9, this consists of using a respectful
tone, making the subject comfortable, avoiding hurrying and jargons, face-to-face positioning, and
providing prints for more essential takeaways. Moreover, in order to improve fidelity to the
intervention, the meal plan was designed by considering the ageing-related physiological,
psychological, social, and cultural aspects (Appleton, 2016; Appleton, 2023; Best & Appleton, 2013;
Wylie, Copeman, & Kirk, 1999; Yannakoulia et al., 2018; Zhou et al., 2018) [ 5 6:49,52,53]
Furthermore, to aid the adherence to the intervention, the subject received meticulous and consistent
guidance, support and assistance from a certified nutritionist and a qualified public health professional
throughout the tenure of the intervention (approximately 2.5 months [30" of March 2022 to 11" of
June 2022]). The endeavours mentioned above include 2 follow-up meetings per week (online and
telephonic) by a certified nutritionist; and 1 major mid-tenure face-to-face consultation (4" of May
2022| 3-4 hours long | involving the subject's family) by a qualified public health professional to
address the intervention-related and general health-related broader queries that the subject and her
family harboured.

Along with the previously mentioned meal plan, weekly follow-up meetings and mid-tenure major-
consultation, the subject also periodically received educational materials. All these supporting and
comprehensive efforts (discussed so far) were undertaken to edify and concentrate on the reasoning
and execution of a central intervention (see the subsequent text), and to provide the subject with an
explanation of how adherence to a low-carbohydrate diet helps maintain low insulin levels and, in
effect, can help reduce insulin resistance. The central intervention, i.e., a low-carbohydrate diet, more
specifically, was as follows: the dietary intake (in terms of calorie percentage) of carbohydrates,
proteins, and fats (naturally occurring) should be approximately 5%, 20-25%, and 70-75%,
respectively (as opposed to the subject’s usual macronutrient composition—calculated through self-
reported dietary pattern—which was as follows: carbohydrates: 60%; proteins: 10%; and fats: 30%
[mostly unsaturated]). An essential part and ground rule of the dietary intervention was limiting
carbohydrate consumption to no more than 30 g per day; moreover, even within this limit, the subject
was guided and encouraged to prefer non-starchy vegetables.

Free consumption (as per hunger and appetite) of naturally occurring proteins and fats through real
food was encouraged—this included mainly dairy and poultry. Furthermore, nuts such as almonds,
walnuts, and cashews were to be consumed as snacks. Homemade low-carbohydrate high-fat shakes
using reliable whey protein powder were also allowed. However, these shakes were encouraged to
consume only on rare occasions, in case of, for example, the subject's time constraints. Caloric
restriction was strictly not adopted due to its number of well agreed serious side effects, such as—but
not limited to—fatigue, muscle loss, low metabolism, hair fall, semi-starvation neurosis, and
character neurosis (Taubes, 2020) (431,

At the starting point of the intervention, the subject had then-recently (1 month earlier) undergone
bilateral knee replacement surgery (see introduction section). Therefore, the physical
activities/exercises involved in the subject's routine were almost absent. The only exception to this
was the physical exertion involved in daily household routine, and that too was much less due to the
bilateral knee replacement surgery. Therefore, the intervention did not involve mandatory physical
activity but was kept to the subject's choice, comfort, and threshold. Accordingly, physical exercise
was not a part of the central or peripheral intervention.

2.4) Outcomes

Key variables included body weight, BMI, HbAlc, mean blood glucose, 1.5-hours postprandial blood
glucose, and Triglycerides (TG) to High-Density Lipoprotein (HDL) ratio. The TG to HDL ratio was
measured twice, i.e., in the beginning and after approximately 2.5 months of the intervention. The
remaining investigations mentioned above were done thrice, i.e., in the beginning, after
approximately 1 month, and after approximately 2.5 months of the intervention. A trained pathologist
conducted all evaluations.
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3) Results

3.1) Body weight and BMI

At the beginning of the intervention (30" of March 2022), the subject's body weight and BMI were
78 kg and 30.46 kg/m?, respectively. Within the intervention's first month, as re-measured on 26" of
April 2022, the body weight and BMI dropped to 75.5 kg and 29.48 kg/m?, respectively. Furthermore,
within the intervention's approximately 2.5 months, as measured on 11" of June 2022, the subject's
body weight and BMI dropped to 71.5 kg and 27.92 kg/m?, respectively. Therefore, this suggests a
significant reduction in the subject's body weight and BMI over approximately 2.5 months of
intervention.

3.2) Glycated haemoglobin (HbA1c)

As HbA1c levels are one of the most relevant indicators of long-term glycemic control, they indicate
the severity of type-2 diabetes. When blood glucose levels remain raised for an extended period,
glucose may bind to haemoglobin proteins in the bloodstream in a manner that does not need
enzymes. The widely accepted range for HbAlc in diabetes has been 6.5% or above (with 5.7% to
6.4% being prediabetic). Consequently, a primary objective of the strategies used to address type-2
diabetes is to get the elevated HbAlc values—lower than or—as close to the threshold (6.5%) as
possible.

The subject was diagnosed with type-2 diabetes for approximately 4 years. The HbAlc levels were
on progressive increment despite the prescribed long-term pharmacological treatment—metformin
500 mg. At the beginning of (or just before) the intervention, as measured on 24" of March 2022, the
HbA1c level of the subject was 7.10%. Interestingly, after approximately 1 month of the intervention,
as measured on 26M of April 2022, the HbAlc levels dropped to 6.4%. Furthermore, within
approximately 2.5 months of the intervention, as measured on 11" of June 2022, the HbAlc levels
dropped to 6%. Therefore, within approximately 2.5 months of the intervention, the HbAlc dropped
from diabetic to prediabetic range. These results are presented in figure 2.

Reference values:

Non-diabetic </= 5.6

Prediabetic 5.7 - 6.4
Diabetic >/= 6.5

24 March 2022 26 April 2022 11 June 2022

H
H
H
H
~
H
H
H
H
7
HbA1c Values

The intervention of PHI on March 30, 2022 Date >

Figure 2: Reduction in HbAlc within approximately 2.5 months of low-carbohydrate intervention
(65-year-old woman). Presented in Pathare and Chaudhary (2024).
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A growing body of robust evidence demonstrates that a low-carbohydrate diet—by improving insulin
sensitivity, regulating blood glucose levels, and promoting fat loss—can reduce the need for
medication, leading to a healthier, natural, and medication-free lifestyle (Yancy, Foy, Chalecki,
Vernon, & Westman, 2005) 3. Therefore, diabetes medications, while on low-carbohydrate diets,
need to be adjusted carefully. Metformin, however, is considered safe to continue on a low-
carbohydrate approach (Cucuzzella, Riley, & Isaacs, 2021) '], as there is no hypoglycemia associated
with metformin. Another benefit of continuing metformin on a low-carbohydrate approach may be
that it helps address insulin resistance and also provides cardiovascular benefits (Kelly, Unwin, &
Finucane, 2020) 28 corroborating and optimising the effects of low-carbohydrate diets.

Nevertheless, metformin can be gradually and carefully eliminated in some cases, especially when
the subject's diabetes is in remission (Diabetes UK, n.d.) °l. Since this case study's subject's diabetes
was observed to be progressing towards remission, the subject—gradually and carefully—exhibited
discontinuation of metformin. Another vital rationale behind discontinuing metformin was that the
subject reported experiencing discomfort after administering metformin and was willing to manage
diabetes through dietary and lifestyle changes. It is important to note that metformin can sometimes
demonstrate serious side effects in some cases (Nasri & Rafieian-Kopaei, 2014) ?°1 and appropriate
lifestyle changes can help reduce and eliminate the metformin doses (Fallabel, 2023) 121,

Most importantly, to continue metformin-free (or, in general, medicine-free) diabetes management,
itis crucial to sustain the lifestyle and dietary changes that have been employed. Therefore, the subject
of this case study has received careful counselling, encouraging strict adherence to lifestyle and
dietary interventions. The subject has also been advised to contact the healthcare provider in case of
any lifestyle or dietary changes so that, if necessary, the medicine doses can be reintroduced and
carefully regulated.

3.3) Mean blood glucose levels

The reference value for the mean blood glucose level is 70 mg/dL to 100 mg/dL. At the beginning of
(or just before) the intervention, as measured on 24" of March 2022, the mean blood glucose level of
the subject was 157.07 mg/dL. Interestingly, after approximately 1 month of the intervention, as
measured on 26" of April 2022, the level dropped to 136 mg/dL. Furthermore, within approximately
2.5 months of the intervention, as measured on 11" of June 2022, the mean blood glucose level
dropped to 125 mg/dL. Therefore, within approximately 2.5 months of the intervention, the mean
blood glucose dropped from 157.07 to 125 mg/dL. These results are presented in figure 3.

Vol.31 No.03 (2024): JPTCP (1398-1415) Page | 1403


https://jptcp.com/index.php/jptcp/issue/view/79

2.5-Month Effects of a High-Intensity Low-Carbohydrate Intervention on Glycemic and Lipid Profile: A Type-2
Diabetes Near-To-Remission Case Study of a 65-Year-Old Indian Woman with Recent Bilateral Knee Replacement

Surgery.
@ MEAN BLOOD GLUCOSE(MBG) LEVELS
24 March 2022 26 April 2022 11 June 2022
--------- > ceemeeed

The intervention of PHI on March 30, 2022

200

MEG VAlUES sy

" 24 March 72072 6 April 2022 11 June 2022
D0 e—

Figure 3: Reduction in mean blood glucose levels within approximately 2.5 months of low-
carbohydrate intervention (65-year-old woman). Unit: mg/dL. Presented in Pathare and Chaudhary
(2024).

3.4) 1.5-hours postprandial blood glucose levels

At the beginning of (or just before) the intervention, as measured on 24" of March 2022, 1.5-hours
postprandial blood glucose level of the subject was 145 mg/dL. Interestingly, after approximately 1
month of the intervention, as measured on 26™ of April 2022, the level dropped to 133 mg/dL.
Furthermore, within approximately 2.5 months of the intervention, as measured on 11" of June 2022,
it dropped to 128 mg/dL. Therefore, within approximately 2.5 months of the intervention, 1.5-hours
postprandial blood glucose levels dropped from above-normal to normal range. These results are
presented in figure 4.

@ POST PRANDIAL GLUCOSE(PPG) LEVELS
24 March 2022 26 April 2022 11 June 2022
Reference values: TN 11322 e N
Up to 140 mgydl 1

The intervention of PHI on March 30, 2022

150

2

PPG Values m——
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g

24 March 2022 il 2022 11 June 2022
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Date =—

Figure 4: Reduction in 1.5-hours postprandial glucose levels within approximately 2.5 months of
low-carbohydrate intervention (65-year-old woman). Presented in Pathare and Chaudhary (2024).
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3.5) Blood lipids

Blood tests are the standard method for determining levels of lipids like Low-Density Lipoprotein
(LDL), High-Density Lipoprotein (HDL), Very Low-Density Lipoprotein (VLDL) and Triglycerides
(TG), which are all important types of blood lipids. As per the conventional view, each of these above-
mentioned lipids has been regarded to influence the risk of cardiovascular diseases to differing
degrees. Notably, the connection between blood lipids and the glycemic profile seems reasonably
comprehensible because, as Reaven (1999) 38 highlighted, cardiovascular diseases commonly
prevail in people with type-2 diabetes. Interestingly, the intervention’s effect on the subject's blood
lipids was meaningful, just as with the HbA1c levels.

At the beginning of (or just before) the intervention, as measured on 24" of March 2022, the subject's
lipid profile was as follows: Low-Density Lipoprotein (LDL) level was 112 mg/dL and High-Density
Lipoprotein (HDL) level was 43 mg/dL; the Triglycerides (TG) level was 182 mg/dL; consequently,
the TG to HDL ratio was 4.23. After approximately 2.5 months of the intervention, as measured on
11" of June 2022, the lipid profile observed was as follows: Low-Density Lipoprotein (LDL) level
was 138 mg/dL, and High-Density Lipoprotein (HDL) level was 49 mg/dL; the Triglycerides (TG)
level was 130 mg/dL; consequently, the TG to HDL ratio was 2.65.

These post-2.5-month-intervention lipid readings suggest an interesting pattern as follows: although
the Low-Density Lipoprotein (LDL) and (slightly) the High-Density Lipoprotein (HDL) levels have
increased, the Triglycerides (TG) levels have shown a noticeable decrement. These alterations, in
effect, have substantially reduced the TG to HDL ratio. Importantly, in their seminal study, Luz,
Favarato, Faria-Neto Junior, Lemos, and Chagas (2008) [?? found that the TG to HDL ratio is a more
accurate predictor of cardiovascular disease than the Low-Density Lipoprotein (LDL) levels. Luz et
al. (2008) 221, moreover, found that the elevation in the TG to HDL ratio was the single most powerful
predictor of extensive coronary heart disease among all the lipid variables examined.

4) Discussion

The purpose of presenting and publishing this case study is to report the improvement in the markers
of insulin resistance and type-2 diabetes in a 65-year-old woman subject after following a short-term
(approximately 2.5 months) low-carbohydrate dietary intervention. At the starting point of the
intervention, the subject was chronically type-2 diabetic (for approximately 4 years) and had then-
recently (1 month earlier) undergone knee replacement surgery on both knees. Most significantly, we
found that a low-carbohydrate high-fat diet in which carbohydrates constituted around just 10% of
calories, generated a noteworthy decline in HbAlc, i.e., from 7.10% to 6%, turning from the diabetic
to the prediabetic—but near-normal—range, and this drop occurred in approximately only 2.5
months. In addition, the low-carbohydrate high-fat dietary intervention led to a substantial
improvement in different cardiometabolic markers, including mean and 1.5-hours postprandial blood
glucose levels, body weight, BMI, and, most importantly, the TG to HDL ratio.

The type of research we have documented in this manuscript is a "case study". Therefore, this section
(discussion) is drafted by keeping some of the most characteristic limitations of the case study in
mind, i.e., lack of generalisability, single-subject (no opportunity for bigger sample size or
randomisation), and risk of overinterpretation. One of the potential limitations of our case study is
that it is based only on a single subject; nevertheless, this limitation can be alleviated when evidence
from more prolonged and more extensive research studies (indicating that restricting carbohydrates
causes likely similar outcomes to that we have presented in this manuscript) is considered. The results
of our case study accord with the results of the recent clinical case series by Walton, Perry, Hart,
Berry, and Bikman (2019) 61, Walton et al. (2019) [“®] reported significant improvements in eleven
18-45 aged women—uwith recently diagnosed type-2 diabetes—after 90 days of low-carbohydrate
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ketogenic dietary intervention. All participants with an average HbAlc level of 8.9% and a BMI of
36.3 kg/m? consented to engage in an intensive dietary intervention limiting carbohydrate intake to
less than 30 g per day for 90 days. Participants dropped a large amount of body weight, from 85.7 +
3.2 kg to 76.7 £ 2.8 kg, and HbAlc descended to 5.6%. Triglycerides (TG) levels decreased
dramatically from 177.0 £ 19.8 to 92.1 + 8.7 mg/dL, and the TG to HDL ratio also decreased
significantly from 4.7 £ 0.8 to 1.9 + 0.2; this shows an overall improvement in blood lipids. In an
open-label, non-randomised, controlled study by Hallberg et al. (2018) 3, it was observed that (over
1 year of carbohydrate-restricted intervention) participants' HbAlc, body weight, Triglycerides (TG),
and other lipids dropped considerably, depicting a noticeable improvement in overall metabolic
health. Furthermore, the type-2 diabetes medication prescription, except metformin, declined from
56.9 + 3.1% to 29.7 = 3.0%, and insulin therapy was reduced or eliminated in 94% of users. This
study, however, was not randomised. Westman, Yancy, Mavropoulos, Marquart, and McDuffie
(2008) 181 showed similar results in their randomised trial. Over just 24 weeks, the low-carbohydrate,
ketogenic diet group (<20 g of carbohydrate daily) showed a considerably more significant decrease
in HbAlc (-1.5% vs. -0.5%) and body weight (-11.1 kg vs. -6.9 kg) than the group consuming high-
carbohydrate (55% of daily caloric intake), low glycemic index, reduced-calorie diet. Additionally,
diabetes medications were reduced or eliminated in 95.2% of the low-carbohydrate, ketogenic diet
participants (as opposed to only 62% in the higher carbohydrate consumption participants).

In a crucial sense, what these so far discussed past research (Hallberg et al., 2018; Walton et al., 2019;
Westman et al., 2008) > 46481 and our current case study have in common is the degree of attention
provided to the participants/subjects involved, regardless of the mode—online or in-person—of the
interaction. This careful and sustained attention may be necessary for the positive results that other
researchers and we have reported:; this may be because, as observed by Igbal et al. (2010) %1, a low-
carbohydrate intervention with little instructions (i.e., low-intensity intervention) seems to have no
effect on HbAlc when compared to a low-fat group with the same number of instructions
(although the low-carbohydrate group lost a lot more weight [1.5 kg] than the low-fat group [0.2 kg]).
However, carbohydrate restriction as a therapy for diabetes is now adequately acknowledged and
validated. For example, the American Diabetes Association [ADA, 2019] Bl in its recently
issued Standards of Medical Care in Diabetes, has stated the following: "...research indicates that
low-carbohydrate eating plans may result in improved glycemia and have the potential to reduce
antihyperglycemic medications for individuals with type-2 diabetes".

Although we have been looking at insulin resistance, the fact that this case study did not measure
plasma insulin levels prevents us from coming to any definitive conclusions on insulin resistance.
Therefore, in future research, our research team will try addressing this shortcoming so that the
outcomes of low-carbohydrate high-fat intervention on insulin sensitivity could be investigated in
more profundity. However, it is imperative to note that the TG to HDL ratio is considered a surrogate
for insulin resistance (Kim-Dorner, Deuster, Zeno, Remaley, & Poth, 2009; Salazar et al., 2017) [**
41 and this ratio has been significantly reduced (from 4.23 to 2.65) in the subject of our case study:;
this, therefore, suggests an insulin sensitising effect.

Numerous traditional clinical therapies aim to reduce glucose and HbAlc levels by raising insulin via
insulin therapy or insulin secretagogues (for example, sulfonylureas) because of the well-
accepted/established significance of HbAlc in diabetes-associated disease outcomes, such as
(notably) cardiovascular disease (Selvin, Wattanakit, Steffes, Coresh, & Sharrett, 2006) [“2,
nephropathy (Liu et al., 2013) 211, and neuropathy (Xu et al., 2014) [5°. However, hyperinsulinemia
is already a common condition associated with type-2 diabetes, in which the blood insulin amounts
are higher than the average. Therefore, in such circumstances, although the intention is to address
HbALc levels and achieve glycemic control, intensive attempts to decrease glucose and HbAlc by
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artificially increasing insulin above the existing (type-2 diabetes-associated) hyperinsulinemia result
in increased mortality (Action to Control Cardiovascular Risk in Diabetes Study Group [ACCRDSG,
2008]) . Additionally, pharmacological interventions for raising insulin levels may have potential
side effects such as increased blood pressure (Roumie et al., 2012) B% and weight gain (Ness-Abramof
& Apovian, 2005) B, On the other hand, a low-carbohydrate diet can reduce HbAlc levels without
aggravating hyperinsulinemia; therefore, this is a crucial component of a low-carbohydrate dietary
intervention as a feasible method to control glycemia. Therefore, carbohydrate restriction (via a high-
intensity low-carbohydrate dietary intervention) makes reasonable sense and works effectively for
achieving the objectives of diabetes management.

4.1) Eating behaviour and habits

Changing eating behaviour and habits, especially in older adults, is considered a challenging task
(Yannakoulia et al., 2018) 2 and the specific guidelines related to this age group to communicate
or encourage a change in eating behaviour or habits is limited in India. This case study, interestingly,
has made some meaningful observations related to eating behaviour and how to communicate or
encourage positive changes in eating behaviour. The subject of this case study successfully made
positive changes in eating behaviour and habits.

The dietary intervention implemented in this case study was significantly different than the regular
dietary patterns and habits of the subject. The usual pattern of macronutrient composition in the
subject's food had been high in carbohydrates and poor in proteins and healthy fats. On the other
hand, the intervention was low in carbohydrates and rich in proteins and healthy fats. Notably, despite
this significant variation in the macronutrient compositions of the meals, the eating behaviour and
habits of the subject were observed to be successfully changed. There could be several factors/reasons
that facilitated these positive changes: involving family members in consultations, encouraging
positive dietary changes in the overall family members (for example, the husband and the son of the
subject), providing intervention-specific recipes, tailoring a personalised diet chart (flexible
according to various situations and occasions such as social functions and festivals), and providing
regular/repeated consultations, followed by regular follow-up calls.

This suggests that making or encouraging positive changes in the eating behaviour and habits of older
adults needs a multifaceted approach involving family members and providing comprehensive
guidance, including how to deal with different social and festive situations.

4.2) Weight loss achieved independent of calorie-deficit and exercises: Effect explained
According to conventional wisdom, a long-standing advice for decreasing body weight and BMI is
to reduce the overall calorie intake (also known as the calorie-deficit approach) combined with
increased physical activity or exercise. However, the intervention in this case study comprised neither
calorie-deficit nor exercises nor increased physical activity. The rationale behind not recommending
caloric-deficit is due to its adverse—physical, psychological, and behavioural—effects, as explained
by Taubes (2020) 1. The reason why exercises or increased physical activity were not recommended
or encouraged (apart from some preliminary exceptions such as physical movements involved in daily
life routine) is the practical limitations due to the then-recent knee replacement surgery performed on
both knees of the subject.

Nevertheless, the subject's body weight and BMI demonstrated a reasonable decrement within
approximately 2.5 months of low-carbohydrate dietary intervention. Simultaneously, the subject
conveyed improved energy levels. Moreover, the subject also received numerous metabolic health
benefits, as thoroughly discussed in this case study. This effect (losing weight without caloric control
and exercises or increased physical activity) observed in this case study corroborates with the growing
body of evidence in the existing low-carbohydrate-related literature, such as Malhotra, Noakes, and
Phinney (2015) %1, Pathare (2021) [%1, and Ebbeling et al. (2012, 2018) [ 101,
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This weight loss effect is likely due to the stabilisation effect of low-carbohydrate diets on blood
glucose and associated insulin levels. Before the intervention, the dietary pattern of the subject was
dominant in carbohydrates. High-carbohydrate diets increase blood glucose and insulin levels, which,
in the long-term, promote body fat storage, reduce body fat breakdown, promote visceral fat
accumulation (including liver), and increase cravings and hunger—these effects, as explained by
Taubes (2007, 2011, 2020) 14344451 can be reversed on the low-carbohydrate approach, as it stabilises
the elevated blood glucose and associated insulin levels. This, most likely, is the reason why the
subject's weight and BMI switched towards the healthy range without indulging in calorie-deficit and
exercises or increased physical activity.

Interestingly, the subject reported that because of the reduction in body weight (and the associated
improved energy levels), mobility and physical activities became convenient—this, in effect,
increased the subject's propensity towards a physically active lifestyle.

4.3) A note on Non-Alcoholic Fatty Liver Disease (NAFLD)

In the pre-intervention investigations, the subject was diagnosed with grade-1 NAFLD. There is a
plethora of evidence, as documented by Pathare and Chaudhary (2022) *°1, which suggests that low-
carbohydrate dietary interventions have noticeable positive health effects on the liver, improving the
liver functions of individuals with NAFLD. One of the limitations of this case study is that the length
of the intervention was likely too short to remark on the improvements in light of the subject's fatty
liver condition. This, therefore, keeps us from making any comment on the subject’s NAFLD.
Therefore, in future research, our research team will try to address this limitation by conducting long-
term interventions.

5) Conclusion

In conclusion, this case study highlights the noticeable improvements in the markers of insulin
resistance and type-2 diabetes in a 65-year-old woman after approximately 2.5 months of a low-
carbohydrate dietary intervention. The subject of this case study, who was suffering from type-2
diabetes for approximately 4 years and had recently undergone bilateral knee replacement surgery,
has experienced remarkable improvements in the essential health indicators.

Over the intervention period, the glycated haemoglobin (HbA1c) levels have dropped from 7.10% to
6%, turning from the diabetic to the prediabetic—but near-normal—range. This reduction in HbAlc
indicates the significance of a personalised low-carbohydrate dietary approach in type-2 diabetes
management and remission. Moreover, the body weight and Body Mass Index (BMI) have shown a
noticeable decrement without indulging into calorie-deficit and exercises or increased physical
activity. Body weight has dropped from 78 kg to 71.5 kg, and the BMI has dropped from 30.46 to
27.92 kg/m?. This reduction—independent of calorie-restriction and exercise—implies the potential
of low-carbohydrate intervention in reducing body weight and improving metabolic health.
Moreover, as the Triglycerides (TG) to High-Density Lipoprotein (HDL) ratio, a well-established
predictor of cardiovascular disease, has reduced from 4.23 to 2.65, the cardiovascular health of the
subject has been observed to be improved. This suggests the potential of low-carbohydrate
intervention in improving cardiovascular health. Furthermore, eating behaviour and habits have been
observed to be positively changed, which is likely because of age-friendly communication, involving
family members in the consultations, providing various recipes, tailoring a personalised diet chart,
encouraging positive dietary changes in the overall family members, providing guidelines to navigate
through social and festive situations, regularly repeated consultations, and consistent follow-ups.
This case study provides important insights into applying the low-carbohydrate approach in
addressing insulin resistance and type-2 diabetes. However, due to the small sample size (only 1
subject/participant), short-term intervention (approximately 2.5 months), and the lack of measuring
plasma insulin levels, the generalisability of the results is subject to limitations. Interestingly, the
results of this case study accord with the growing body of strong empirical evidence, suggesting the
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significance of low-carbohydrate intervention in managing type-2 diabetes and insulin resistance.
Moreover, well-designed studies (in light of older adults) with a larger group, long-term intervention
(at least six months), and plasma insulin measurements can be reasonable topics for future research.

6) Statement of purpose and uniqueness

While searching for India-specific historical accounts of the low-carbohydrate approach in light of
diabetes in the mainstream medical literature, the historical traces of the low-carbohydrate approach's
effectiveness in addressing diabetes can be found in the 19" century. Referring to the Indians in
Bengal and Madras, Dr TG McGann—a surgeon major from Mysore in 1885—raised the question of
whether diabetes was common among the "rice-eating natives" of India (Mohan et al., 2021) 28, In
1890, Frederick William Pavy, a British physiologist, published an article titled "On the principles of
the treatment of diabetes mellitus" in the "Indian Medical Gazette" (see Pavy [1890] [*®]). Pavy made
studying "carbohydrate metabolism and diabetes" his principal work in his era; however, today, Pavy
is a largely forgotten pioneer in the Indian, and perhaps global, low-carbohydrate community.
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Figure 5: Pavy's historical article on treating diabetes with carbohydrate elimination (Pavy, 1890)
1361 Presented in Pathare and Chaudhary (2024).

is at fault. The proper changes do mnot take

Pavy's historical article (see figure 5), explaining the mechanism of carbohydrate action, clarifies how
to treat diabetes by eliminating dietary carbohydrates. He explicitly suggests that removing
carbohydrates from the diet will not only ensure the downward progression of the condition but also
bring the patient's health and strength back. During the pre-independence era, the "Indian Medical
Gazette" was perhaps the most preferred mainstream journal through which medical practitioners and
researchers used to communicate essential contemporary medical practices. This article by Pavy is
perhaps one of the first India-specific mainstream medical records to support removing dietary
carbohydrates to address the root cause of diabetes and to regain health and strength. Therefore,
Pavy's article is a unique read for current health practitioners and researchers dealing with diabetes
and metabolic health.
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While we have discussed one of the most historical mainstream records on the low-carbohydrate
dietary approach, it becomes essential to note the recent landmark event in the same context. Recently,
on 27-29 September 2023, a conference was held named "Metabolic Health Conference: India's first
mega virtual low-carb conference”. This conference was lead-organised by Shashikant lyengar and
Anup Singh and was lead-hosted by Ira Sahay. Because of this conference, for the first time in the
history of the Indian low-carbohydrate movement, around 47 leading speaking-participants—doctors,
health professionals, and organisations—gathered from around 15 countries to discuss the low-
carbohydrate approach in the Indian medical and public health context.

Therefore, Metabolic Health Conference 2023 is a unique resource for not only health professionals
but also health authorities, providing them with critical insights into a conventionally and culturally
less accepted dietary approach. The archives of this conference are available on YouTube (for links,
see Metabolic Health India [2022a, 2022b, 2022c] [25 26271,

Now, we will explain our purpose behind publishing this article (a case study). Between the before-
mentioned period, i.e., from Pavy (1890) [ to the Metabolic Health Conference 2023, there must be
a plethora of studies—or scholarly articles—published in the mainstream medical and public health
journals on the topic of low-carbohydrate approach in light of India or Indian participants. However,
these low-carbohydrate-specific publications are relatively much less than the pharmaceutical-
intervention-specific publications. This suggests that publishing India-focused low-carbohydrate-
related studies in scholarly journals should be encouraged in order to increase the footprints of this
approach in the scholarly/academic literature—this encouraged us to publish this article (a case
study), and, to our knowledge, this article is rare of its kind for the following reasons.

This article (a case study) serves perhaps as one of the first India-specific scholarly records where the
results—and results’ discussion—of a high-intensity low-carbohydrate intervention on the metabolic
health of an Indian older adult with then-recent bilateral knee replacement surgery are systematically
documented and published. Therefore, we hope this article (a case study) serves as an encouragement
for low-carbohydrate practitioners in India to systematically document their results and try to publish
them in scholarly journals because these journals are effective mediums for health practitioners and
researchers to communicate essential practices that inform the contemporary public health issues—
this can help improve the acceptability of the low-carbohydrate approach in the overall scientific
community.
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14) Appendix: "*Near-to-remission' term's explanation and justification

According to "Consensus report: Definition and interpretation of remission in type 2 diabetes™, the
usual diagnostic criteria for diabetes remission is when the HbAlc level is found to be below 6.5%
when measured at least 3 months from the beginning of the non-pharmacological intervention, and
this level should further persist at least for 3 months in the absence of diabetes medications.

However, this article (a case study) has communicated and discussed the approximately 2.5-month
effects of a low-carbohydrate non-pharmacological intervention. This implies 2 things: 1) the second
(improved) HbAlc report—of 6% —falls short by approximately half-month compared with the
criteria mentioned by the consensus report; 2) this case study does not have an opportunity to
comment on the persistence of the HbAlc levels.

Therefore, in light of the 2 implications mentioned above, the term “near-to-remission”—instead of
“remission”—is used in the title of this case study. The above-mentioned consensus report can be
retrieved from this link: https://doi.org/10.2337/dci21-0034
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