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Introduction
Diabetes mellitus (DM) is a metabolic disease characterized by 
persistent hyperglycemia [1]. Type 2 DM (T2DM) is common 
in the US, with 10.5% of the population bearing this diagnosis 
in 2020 [2]. T2DM has several distinct risk-factors, including 
obesity, hyperlipidemia, hypertension, family history, race, eth-
nicity, smoking status, and others [3,4]. A BMI>25 alone is a risk 
factor worthy of screening patients for pre-DM and T2DM [5]. 
T2DM is often referred to, like hypertension, as a “silent killer” 
since it often remains clinically quiet and therefore should be 
investigated in high-risk populations. DM also contributes to 
an increasing number of various acute and chronic conditions: 
hyperglycemic hyperosmolar state (HHS), diabetic ketoacido-
sis (DKA, particularly in T1DM), gastroparesis, coronary artery 
disease (CAD), nephrotic and hepatic disease, neuropathy, and 
microvascular trauma [1,6-8].

Pre-DM is a high-risk state for T2DM development, with 5%-
10% of patients with pre-DM progressing to T2DM per year [9]. 
Since 34.5% of the U.S. adult population of 259.4 million has 
pre-DM, a huge number of patients could progress annually to 
a life threatening illness [2]. The goal of this research is to iden-
tify patients at risk for pre-DM and to compare the sensitivity 
and performance of our clinical staff, concerning this impor-
tant, chronic, manageable, healthcare issue, to national clinician 
statistics. 

In 2017, the total cost of managing DM in the United States 
was $ 327 billion, lending to both the clinical and economic 
relevance of this study [10]. In terms of 2022 dollars, given an 
inflation rate of 3.58% per year between 2017 and today, and a 
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cumulative price increase of 19.25%, the current cost of diabetes 
care totals $ 390 billion. Identifying pre-DM before it evolves 
into T2DM, and slowing or reversing its progression, can have 
significant effects on the ensuing micro vascular complications 
and the further inflation of healthcare dollars in the manage-
ment of DM complications.

Methods 

The 101 patients, ages 18 to 75 years old, in this study have been 
randomly selected from those being treated for diabetic risk 
factors at four adult FQHC clinics (One Health Ohio) in three 
NEO counties. These patients have not been identified as having 
pre-DM or are unaware that they have pre-DM based on blood 
glucose or HbA1C levels. To fit the study’s criteria, patients must 
have had ICD-10 codes representing one of the following five 
groups: 

1. Obesity with a BMI greater than 39.9

2.  Hypertension (HTN) plus obesity (BMI 30 to 39.9)

Abstract
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3.  Hyperlipidemia (HLD) plus obesity

4.  African American race plus obesity

5.  Latino nationality plus obesity

A selection of these groups was based upon established risk 
factors for chronic hyperglycemia, along with possible social 
disparities and bias among groups at risk for chronic hyper-
glycemia [4,5]. Patients with existing T1DM, T2DM, or known 
pre-DM were excluded from the study.

Thirty patients from each risk group were randomly selected 
and called; if the patient did not answer, follow-up calls were 
placed twice. After three missed calls, patients were eliminated 
from the study. Patients unwilling to participate in the inter-
view were immediately removed. Qualified patients subse-
quently participated in a phone interview. Patients were asked 
to report if they had ever been told that they are at risk for, or 
have pre-DM, and whether they are undergoing lifestyle modi-
fications and/or metformin therapy to prevent progression into 
T2DM. Patients were then classified as to whether they fit in 
the pre-DM stage, where HbA1C ranges from 5.7 to 6.4, and 
analyzed accordingly. Patient data was anonymized for analy-
sis. Data analysis and graphics presented were prepared using 
libraries on a Jupyter Notebook using Python 3.9.13.

Results
Out of the 101 patients examined in this study, 20 were in 
risk factor (RF) group 1 (BMI>39.9), 18 in risk group 2 
(HTN+obesity), 18 in risk group 3 (HLD+obesity), 19 in risk 
group 4 (Black+obesity), and 26 in risk group 5 (Latinx+obesity), 
as displayed in Figure 1.

Figure 1: Number of Participating Patients per RF Group-This 
plot shows how many patients recruited fell into each of the five 
comorbidity groups.

The mean A1C value among all groups was 5.5. Figure 2 re-
veals a box-whisker plot of A1C values by group. A one-way 
ANOVA test was performed on these groups and revealed no 
significant difference between the groups with p=0.6660 and 
with an F=0.5969.

Figure 3 delves into the question of whether patients were in-
formed by their clinicians that their obesity and other factors 
place them at higher risk of developing pre-DM or T2DM. It 
was found that a total of 54 patients were not informed of their 
risk: 12 in group 1, 8 in group 2, 5 in group 3, 11 in group 4, and 
18 in group 5.

Figure 2: A1C Box Plot by Comorbidity Group-This plot 
shows the A1C levels among patients based on their comor-
bidity group. A mean A1C of 5.5 among all patients leaves the 
BMI>39.9 and HLD + obesity groups above the average, and 
the other three groups below the average. No statistically sig-
nificant differences among the groups were noted.

Figure 3: Number of Patients Warned vs. Not Warned of Pre-
DM Risk-This plot shows how many patients recruited subjec-
tively reported being informed by their clinician of increased 
risk for pre-DM/T2DM by risked factors compared to the num-
ber of patients who subjectively reported not being informed by 
their clinicians for their increased risk.

Figure 4 compares the patients informed by their clinicians 
of their increased risk for pre-DM and T2DM by their aver-
age A1C values. An unpaired t-test was performed on average 
A1Cs in each RF group whether 1. Warned or 2. Not warned by 
clinicians on increased risk for developing pre-DM or T2DM. 
Group 3 revealed significant differences in average A1Cs when 
informed compared to uninformed by clinicians of their in-
creased risk (p=0.0051), as shown in Table 1. The other groups 
revealed no significant differences.

Table 1: Shows the average A1Cs by risk factor group whether 
warned or not warned of pre-DM risk by provider significance.

Group Avg A1C Informed Avg A1C Not In-
formed p-value

1 5.8 5.4 0.0721
2 5.6 5.2 0.2166
3 5.8 5.3 0.0051
4 5.6 5.4 0.8365
5 5.4 5.3 0.5379

Figure 5 reveals significant differences in at-risk patients who 
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had no A1C values on their charts. In total, 24 patients did not 
have A1C values (24% of patients surveyed). Among patients 
not informed of their risk for pre-DM, two fell into group 1, 
four in group 2, zero in group 3, eight in group 4, and seven in 
group 5. The other three patients who did not have A1C values 
were informed of their risk and are undergoing preventative 
lifestyle modifications.

Figure 4: Average A1Cs in Patients Informed vs. Not Informed-
This plot shows the average A1C levels of patients within each 
comorbidity group who were and were not informed of their 
increased risk for developing pre-DM. There is no statistically 
significant difference among any of the five groups.

Figure 5: Patients without A1C Values-Informed vs. Not In-
formed of Pre-DM Risk-This plot compares the number of 
patients without HbA1C values in their chart by comorbidity 
group and whether they were informed of their increased risk 
for pre-DM/T2DM.

27 patients in this study, having A1C values of 5.7 or above, 
were not labeled with pre-DM in their charts. Of these 27 pa-
tients, 17 remember having discussions with their clinician 
about their increased risk for pre-DM, and 10 do not remember 
any such discussion. This data is in Figure 6.

Figure 6: Patients with A1C values >5.6, Informed vs. Not In-

formed of Pre-DM Risk-This plot compares the number of pa-
tients with A1C values ≥ 5.7 who were and were not informed 
of their increased risk for pre-DM.

Discussion
Approximately 34.5% of American adults have pre-DM; several 
studies have indicated that 84% of those individuals are un-
aware. As of 2022, 259.4 million Americans are age 18 years or 
older. Thus, 89.5 million possess pre-DM, implying that 75.2 
million people (the 84% unaware) could be ignorant of that sig-
nificant fact [11,12]. At the NEO FQHC studied, clinicians are 
discovering pre-DM and informing patients of their risk at a 
significantly better percentage than the national average. Of the 
101 patient’s recruited based on risk factors for pre-DM without 
the diagnosis of pre-DM, 27 had A1C values in the pre-diabetic 
range (27%). Of these 27, nine patients were not warned by 
their clinician that they met criteria for the diagnosis of pre-
DM. Of these nine patients, one saw a physician, and the other 
eight saw PA or NP clinicians; thus, the rate of patients missed 
was 5% among physicians and 16% among non-physicians. 
Data suggests that only 9% of surveyed patients with risk fac-
tors live with pre-DM without being aware of it, compared to 
the 29% (84% of 34.5%) of American adults who have pre-DM 
but are unaware. These findings are summarized further below 
in Figure 7.

Figure 7: Flowchart of Summarized Findings-This flowchart 
summarizes the findings in the patients surveyed throughout 
this study. Namely, 24% of patients at high risk for pre-DM/
T2DM were found to have no A1C values on record, and 9 
patients with A1Cs in the pre-DM range do not recall being 
informed by their clinicians of their increased risk. These 9 pa-
tients likely are missed and not undergoing any pharmacologic/
lifestyle therapeutic intervention.

Despite the relative success of clinicians at this FQHC, 9% is 
still troublesome; the spontaneously progressive, chronic com-
plications of DM, which are known to begin during the pre-
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DM, are not being therapeutically addressed. At the very least, 
patients should be undergoing lifestyle modifications, includ-
ing smoking cessation, ethanol moderation, stress reduction 
techniques, dietary and exercise reformations, and weight loss. 
Additionally, there are some pre-DM patients who should be on 
treatment with metformin [13].

Unfortunately, certain consortia within the RF groups tended 
to be less informed by clinicians of their increased risk. Fig-
ure 2 revealed that the average A1C among RF groups was 
statistically insignificant. Figure 4 also reveals that, aside from 
the HLD+obesity group, the patient being warned of their 
risk for pre-DM did not correlate with a statistically signifi-
cant change in A1C. This would imply that variance among 
the RF groups was not objectively available. However, when 
looking at Figures 3 and 5, social disparities may be present 
among clinicians. Figure 3 reveals that some clinicians failed 
to inform patients of their increased risk for pre-DM in 12/20 
(60%) patients in group 1 (BMI>39.9), 11/19 (58%) patients in 
group 4 (Black+obesity), and 18/26 (69%) patients in group 5 
(Latinx+obesity), compared to 8/18 (44%) in group 2, and 5/18 
(28%) in group 3. Figure 5 reveals that clinicians failed to inves-
tigate pre-DM risk in 8/19 (42%) patients in group 4, and 7/26 
(27%) patients in group 5, compared to 2/20 (10%) patients in 
group 1, 4/18 (22%) in group 2, and zero patients in group 3. 
Obesity alone warrants investigation of pre-DM with an A1C 
level; the additional RF further increases the danger of pre-DM 
and T2DM. Specifically, T2DM prevalence among the Latinx 
population is 12.5%, and the non-Hispanic Black population 
is 11.7%, compared to 7. 5% of non-Hispanic White patients 
[5]. In the surveyed patients, 58% of Black patients with obesity 
and 69% of Latinx patients with obesity were not aware of their 
increased risk for developing pre-DM.

Furthermore, 42% of Black patients with obesity and 27% of 
Latinx patients with obesity did not even have an A1C value 
checked. Additionally, further investigation of charts revealed 
that these patients lacked other, less common methods of 
screening for pre-DM (i.e., fasting plasma glucose and oral glu-
cose tolerance tests). While it is possible that this discrepancy is 
due to random error or lack of clinician knowledge of specific 
risk factors, further investigation is warranted to determine cli-
nician bias among other outpatient FQHC clinics.

Overview of sequelae in DM
The following compendium is an over-review of perilous se-
quelae of chronic hyperglycemia and hyperinsulinemia in pre-
DM, T1DM, and T2DM. Microvascular changes have been 
noted as early as the pre-DM stage and are thus an important 
part of a clinician’s knowledge base to provide patients with ap-
propriate, holistic care.

Peripheral neuropathies
Peripheral neuropathies are a major cause of disability in the 
United States. Half of those cases are secondary to DM, with 
the majority of those DM induced neuropathies appearing in 
the large fiber neuropathy group (LFN) [14]. In addition to the 
risk of eventual total disability, diabetics having peripheral neu-
ropathies suffer from a decreased quality of life due to pain, the 
loss of proprioception resulting in gait instability with frequent 
injurious falls, foot ulcerations, and eventual amputation [15]. 
Small fiber neuropathies (SFN) develop insidiously and pro-

ceed unnoticed over months to years during the pre-DM phase, 
resulting in another form of diabetic peripheral neuropathy 
(DPN), and is already present in 20% of newly diagnosed type 
2 DM [16]. SFN are also prone to develop in persons with the 
so-called metabolic syndrome [17].

Most patients with DPN have symptomatic large fiber involve-
ment. Large sensory fibers are responsible for detecting and 
sending signals regarding joint position, vibration, and touch 
sensations. Clinically, patients complain of paresthesia and 
pain. Gait instability is a common manifestation of propriocep-
tive dysfunction, predominantly when walking in the dark or 
on uneven surfaces. LFN can lead to a progressive loss of pro-
tective pain sensation, even in the absence of the patients’ clini-
cal awareness of sensory symptoms, thus placing those people 
at substantial risk of ulceration, Charcot joint derangements, 
and even amputation.

A minority of DPN patients experience neurological injury re-
stricted to small fibers which carry cold and mechanical pain 
information; this is small fiber neuropathy (SFN). Though pa-
tients with SFN have reduced thermal and mechanical pain 
sensation, they have a relative sparing of vibratory and proprio-
ceptive sensations. Neuropathic pain is particularly common, 
varyingly described as burning, stinging, shooting, aching, or 
pain on light touch. Nerve conduction studies (NCS) are fre-
quently normal in patients whose DPN is limited to SFN. A 
diagnosis of SFN can be confirmed, in patients who are willing 
to undergo further testing using skin biopsy for assessment of 
intra‐epidermal nerve fiber density.

Once established, DPN is difficult, if not impossible, to re-
verse. Treatment should be started as early as possible during 
pre-DM. Given that SFNs are painful, patients often recognize 
them earlier. SF located in the epidermis regenerate with much 
greater ease than large diameter fibers. Therefore, the patients 
with pre-DM in this study represent an ideal opportunity to 
explore the potential therapeutic approaches noted above, 
which are directed at manageable risk factors. Weight and DM-
friendly food stores would provide an excellent resource for 
accomplishing the desired results in this at-risk demographic 
of patient and should be of consideration in future, inner-city, 
community-based planning [18]. Addressing the LFN at an ear-
lier stage, especially since they are not reversible, will likely re-
sult in fewer and less serious long-term LFN manifestations and 
would significantly impact the inflationary economic numbers 
of future DM healthcare [15].

Diabetic autonomic neuropathy (DAN) is a peripheral neurop-
athy. The most common and studied manifestation of DAN is 
cardiovascular autonomic neuropathy (CAN), owing to its’ life-
threatening complications (i.e., ventricular arrhythmias, silent 
myocardial ischemia, and sudden death) to its relationship with 
diffuse microvascular comorbidities [19]. CAN is defined as the 
impairment of autonomic control (sympathetic and parasym-
pathetic) of the cardiovascular system. Early warning signs in-
clude reduced heart rate during a deep breath, prolongation of 
QT interval that is temporally followed by resting tachycardia, 
impaired exercise tolerance, and decreased baroreflex sensitiv-
ity with consequent orthostatic hypotension.

As life threatening as CAN is, the other troubling entity of DAN 
involves aberrations of the parasympathetic control of the gas-
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trointestinal (GI) tract. It may reveal itself through the onset 
of gastroparesis, esophageal motility aberrations, constipation, 
nocturnal diarrhea, fecal incontinence, or gallbladder atony 
[7]. Gastroparesis induces upper GI symptoms of nausea, vom-
iting, early satiety, postprandial fullness, bloating, and abdomi-
nal pain. Furthermore, gastroparesis may delay glucose absorp-
tion, leading to frequent attacks of hypoglycemia.

Damage to the sacral parasympathetic fibers contributes to the 
frustrating DAN producing genitourinary (GU) dysfunction: 
impaired bladder sensation and detrusor muscle atony, leading 
to urine retention, dysuria, and nocturia. Incomplete bladder 
emptying predisposes to recurrent urinary tract infections and 
may be predictive for long-term development of renal failure.

Microvascular diseases
DM is further complicated by multiple organ malfunctions sec-
ondary to microvascular disease, because of chronic hypergly-
cemia, mixed hyperlipidemia, and or hyperinsulinemia [20,21]. 
Arterial complications of DM are classified as macrovascular or 
microvascular depending on the vessel size and the underlying 
pathophysiology [15]. The triad of retinopathy, nephropathy, 
and neuropathy due to microvascular complications is unique 
to DM. Most patients with DM will have one or more of these 
conditions presenting as overt or subclinical manifestations 
during the prolonged course of their disease. Microvascular 
disease is the result of a combination of direct glucose-mediat-
ed endothelial damage, oxidative stress due to elevated super-
oxide levels overproduced in glucose metabolism, and the pro-
duction of sorbitol and advanced glycation end-products due to 
the prevailing state of hyperglycemia. 

Microvascular disease in DM produces even greater numbers of 
disabling conditions than SFN and LFN combined. Microvas-
cular disease is present long before the clinical onset of T2DM, 
during the pre-DM period. In pre-DM, microvascular damage 
and progressive organ dysfunction correlate more statistically 
with plasma insulin levels than the level of blood glucose. Since 
many people with pre-DM will not develop symptomatic, type-
2 DM for as long as 10 years, microvascular disease can progress 
undetected. Regardless of the exact mechanism of injury result-
ing in microvascular disease in patients with DM, it is apparent 
that hyperinsulinemia plays a major roll. Thus, the control of 
that physiological impairment is of prime importance. There 
is a direct correlation between sedentary lifestyles resulting in 
obesity and hyperinsulinemia. Ergo, lifestyle changes focused 
on diet and exercise are the best hope of preventing both pre-
DM and the T2DM. Metformin therapy also adds to the reduc-
tion of fasting insulin levels. 

Given the fact that numerous studies have shown that SFN and 
microvascular diseases each progress undetected during the 
pre-DM phase of type 2 DM, it is essential that pre-DM be rec-
ognized and managed as early as possible in those persons who 
are known to be at the highest risk for the condition. 

Diabetic nephropathy
Given our understanding that DM is a major cause of diabetic 
nephropathy (DN) and realizing that one of the most expen-
sive treatments in chronic DN involves dialysis in patients with 
end-stage renal disease (ESRD), it behooves us to do everything 
clinically possible to limit the number of persons who progress 

to ESRD. To determine the significance of early intervention in 
the control of hyperglycemia during the pre-DM stage, a group 
of researchers tried to determine if pre-DM is an independent 
risk factor for glomerular hyper-filtration and high-normal 
urinary albumin-creatinine ratio (ACR) using measured GFR 
(mGFR) rather than estimated GFR. Their findings suggest that 
an independent role does exist for pre-DM in the development 
of glomerular hyper-filtration and albuminuria. Furthermore, 
pre-DM might be a target for early treatment to prevent DN.21 
Here again, early detection of pre-DM and its’ attending hyper-
glycemia is critical if we are to ward off DN and its socioeco-
nomic consequences.

At the end of 2018, there were over 500,000 diabetic patients 
in the U.S. receiving maintenance dialysis. Representing only 
1% of the U.S. Medicare population, they account for approxi-
mately 7.2% of Medicare spending. The cost was $ 280 billion 
then, and given the inflation rate of 19.25% since 1918, the 2022 
cost would be $ 334 billion; the cost of dialysis, for the Medicare 
portion (7.2%), is $ 24 billion. That should put an added ethical 
incentive in the minds of all clinicians who are currently failing 
to identify these, pre-DM, renal disease at-risk patients. 

Conclusion
The importance of identifying persons with pre-DM who have 
neither yet been told they have it, nor are being treated for it, 
cannot be over-emphasized. In the presented patient sample, 
41/101 of at-risk patients were either unaware of their risk or 
were not pursuing treatment for their pre-DM. Nine percent 
of these patients are included in the 41/101 (i.e., the other ~32 
patients had HbA1C<5.7%, just RFs but not aware of their risk, 
or undergoing lifestyle modifications, to prevent pre-DM). All 
primary care clinicians (MD, DO, NP, or PA) need to be pre-
pared to give more attention to screening for pre-DM in the 
at-risk population, thus being more likely to accomplish T2DM 
prevention. They must also be willing and able to discuss other 
known factors associated with cardiovascular risk reduction. 
Clinicians should be committed to discussing well established 
recommendations, regarding a proper diet and exercise pro-
gram, and be prepared to discuss pharmacologic options in aid-
ing a return of the HbA1C to normal while facilitating weight 
loss. It is also apparent that the risk of developing DM is like-
wise a family affair, not solely based on genetics, but also the 
influence of an obese friendly social environment. Additionally, 
diabetic and weight friendly food stores available in commu-
nities nationwide would provide readily available and afford-
able resources, to enable families to work together to stem the 
ever-rising tide of obesity and its attending DM in the United 
States. The authors strongly recommend that local politicians, 
community business leaders, and inner-city medical clinicians 
combine their respective influences and resources to see this 
vision come to fruition.

Limitations of this study include the subjective nature of the pa-
tients reporting, as to whether they were informed of their risk 
for pre-DM or not. The patients may have been told but forgot, 
misunderstood, or did not listen. It is important to consider 
this variable, as it could be an opportunity for clinicians to learn 
of better methods to provide clearer communication to their 
patients, and then with the patient’s cooperation, set obtainable 
goals to combat the copious sequelae of chronic hyperglycemia 
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(pre-DM). 

Another limitation was the small patient sample of the study 
within an FQHC with such a large demographic (30,000 pa-
tients). Better cooperation from clinicians in acquiring subjects 
for the study will provide more meaningful results. Future in-
vestigations could study whether the subjective reporting by 
patients was accurate or whether the clinicians provided suf-
ficient lifestyle recommendations to these at-risk patients (by 
comparing SOAP notes to patients’ reporting). Another future 
investigation should determine whether there is a bias toward 
overlooking Black or Latinx patients with obesity that are at in-
creased risk for pre-DM and therefore not properly screening 
or treating them.

When comparing One Health Ohio (OHO) statistics, regard-
ing patient awareness and clinician response to the existence 
of pre-DM, with those reported nationally, our clinicians per-
formed better. Where a national survey had shown that 29% of 
high-risk Americans are unknowingly living with pre-DM, we 
found that only 9% of our patients’ diagnosis of pre-DM had 
been missed. While that compares favorably, until it approaches 
0%, more needs to be done. Having discovered that 9% of our 
high-risk patients are in the pre-DM stage but not yet aware 
nor undergoing treatment, it behooves us to assure that both 
the patients and the clinicians at OHO immediately set goals 
for finding missed cases and then either normalizing the A1C 
in those patients or at least reducing it through pharmacologic 
means, dietary referrals, and weight friendly groceries; the lat-
ter being strongly proposed by the authors. Such conversations 
with patients must also include beginning the process of elimi-
nating other risk co-factors associated with pre-diabetes such 
as hyperlipidemia, sedentary lifestyle, hypertension, smoking, 
excessive consumption of alcohol and obesity. 
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