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ABSTRACT

The global age standardized prevalence of type 2 diabetes (T2DM) has doubled (4.7% to 8.5%) over the last three decades and is
increasing more rapidly in low and middle-income countries (LMICs). The global economic burden of diabetes affects individuals
and health care systems and is estimated to cost $825 billion USD a year. Within Mexico, T2DM is the second leading cause of
mortality and the leading cause of morbidity using disability associated life years (DALYs). A retrospective chart review and
cost analysis, analyzing those at risk of diabetes, was conducted at a rural community health clinic in Jalisco, Mexico. The goal
was to project the cost of providing an appropriate scope of care and plan prevention-based population health programs. The
results demonstrated that out of 264 charts reviewed, 218 (83%) had one or more diabetic risk factor. The estimated per patient
per visit cost is $127.22 MP (Mexican Peso, 2018) and as the number of diabetes risk factors increases for an individual patient,
the mean cost of their care to the system increases (p < .001). Those with at least one risk factor comprise the majority in both
males and females with a median age of 36 and median BMI of 28, and this group also has the highest percentage of borderline
hypertension (46%). This data demonstrates an opportunity to intervene in a group of young adults (ages 27-46) with a cluster of
high-risk borderline risk factors and preventing them from developing obesity, hypertension and diabetes later in life.
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1. INTRODUCTION

The global age-standardized prevalence of Type 2 Diabetes
(T2DM) has doubled from 4.7% to 8.5% over the last three
decades and is increasing more rapidly in low and middle-
income countries (LMICs).[1, 2] The World Health Organi-
zation (WHO) estimates that by 2030, T2DM will increase
from the eighth leading cause of disease to the fifth.[3] Onset
of the disease and its associated complications commonly
occurs in the economically productive period of individuals’
lives, thus financially affecting the economy of a country

and the lives of individual families.[4] The global economic
burden of T2DM is estimated to cost $825 billion US dollar
(USD) a year.[5] Due to higher prevalence rates in compar-
ison with high income and upper middle income countries,
LMICs carry a larger proportion of the financial and mortal-
ity burden of this growing epidemic.[2] The complexity of the
T2DM continuum of care is expensive to a healthcare system,
and interventions focused on diabetes prevention have the
potential to improve health outcomes for the population and
reduce costs to the health care system. However, there are
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limited studies analyzing the costs to healthcare systems of
caring for those with T2DM, as well as those at risk for the
disease in LMICs.[4, 6] Understanding the profile of a popula-
tion’s prevalence and risk of diabetes and projecting the cost
of providing an appropriate scope of care is useful for the
planning of prevention-based population health programs.

1.1 Burden of T2DM in Mexico
The burden of disease in Mexico is primarily due to non-
communicable diseases (NCDs). T2DM and chronic kidney
disease are two of the leading causes of mortality in Mex-
ico following ischemic heart disease.[7] Importantly, of the
over 80 million people in Mexico, approximately 12 mil-
lion (14.8%) have diabetes.[8] Among the Organization for
Economic Cooperation and Development (OECD) countries,
Mexico has the highest rates of hospital admissions due
to uncontrolled diabetes, nearly twice the OECD average.
In addition, diabetes is responsible for 14% of all deaths
in Mexico, more than cancer, injuries, communicable dis-
ease, and respiratory disease.[9] Only a quarter of people
living in Mexico with diabetes are believed to have adequate
blood sugar control. Further, it is projected that there are
many others who are undiagnosed and unaware they have
the disease.[10] Chronic kidney disease is a complication of
uncontrolled diabetes and, if left untreated, can progress to
end stage renal disease and the need for lifelong hemodialy-
sis or kidney transplantation. Mexico ranks first globally in
incidence of chronic kidney disease and sixth in prevalence.
Approximately 63% of those with end stage renal disease
and on hemodialysis are due to T2DM.[11] In 2011, the total
direct cost of diabetes to Mexico’s health care system was
estimated at 3.4 billion USD.[12]

1.2 Role of primary care in non-communicable disease
screening and prevention

Primary care provides a key role in the prevention, early
detection and management of NCDs and associated risk fac-
tors. Screening at-risk individuals is particularly important,
as NCDs can often be asymptomatic leading to a high burden
of undiagnosed disease within the community. The Secretary
of Health in Mexico provides T2DM screening recommenda-
tions in its Policy on Prevention, Treatment, and Control of
Diabetes Mellitus.[13] These policy guidelines recommend
screening asymptomatic patients every three years starting
at age 20 or at the onset of puberty when the following risk
factors are present: obesity, sedentary lifestyle, a first de-
gree relative with diabetes, history of gestational diabetes
or polycystic ovarian syndrome, blood pressure greater or
equal to 140/90, dyslipidemia, cardiovascular disease and
those on antipsychotics.[13] Screening asymptomatic individ-
uals is essential to prevent late presentations with advanced

multi-system complications.[14]

Improving access to preventative medical care is key for
decreasing the burden of NCDs, particularly diabetes.[15]

Therefore, the objectives of this study were: 1) to estimate
risk for developing T2DM in a rural Mexican population,
and 2) to estimate the cost of caring for patients at risk for
diabetes compared to patients without risk. The overall goal
of this work was to quantify cost of caring for patients with
diabetes and the disease burden to engage funders and key
stakeholders in program planning and evaluation. This study
does not address the costs of interventions to existing prac-
tices to improve T2DM prevention and care.

1.3 Setting
Tiopa community health clinic is located in Autlan de
Navarro, Jalisco Mexico. It provides adult and pediatric
outpatient medical care to under-served and low-income fam-
ilies. On average, there are about 1,300-1,500 patient visits
monthly. Services available include medical, dental, nutri-
tion, psychology and dialysis. Medical visits are conducted
on a walk-in basis and primarily used as an urgent care center.
The Tiopa organization is a private, non-profit organization,
and operates independently from the state of Jalisco’s public
health system.

1.4 Significance of a chart review and cost analysis
An external team of global health nursing researchers con-
ducted a retrospective chart review and cost analysis of dia-
betes preventative care services at Tiopa community clinic
in 2018. We predicted higher costs for patients with more
risk factors and the clinics focus on urgent care. The aim of
this paper is to describe the methodology used for conduct-
ing a cost analysis, the utility of the process, and the results
obtained for informing and evaluating diabetes prevention
program planning.

2. METHOD

2.1 Data collection: Chart review
Using the clinic registration database, a convenience sample
of the first 50 adult charts entered for the months of Febru-
ary, March, April and May were accessed. The reason for
visits varied and were not specific to diabetes screening. If
charts were not able to be located or lacked documentation,
the next charts entered for the month were accessed. The
official Mexican national Policy on Prevention, Treatment,
and Control of Diabetes Mellitus was used to identify which
variables to collect based on the risk factors for diabetes rele-
vant to this population.[13] Risk factors for diabetes included:
overweight (BMI ≥ 25) or obese (BMI ≥ 30), family history
of diabetes, age greater or equal to 45, and personal history
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of hypertension or dyslipidemia. Additional data collected
included: diagnosis of diabetes or cardiovascular disease,
documentation of lifestyle counseling or nutrition consult,
medications and lab tests conducted. These data were entered
into an Excel spreadsheet.

2.2 Sample: Study subjects
It was calculated that 186 medical charts needed to be re-
viewed based on 80% power to capture a $10MP difference
in cost of care, a difference determined significant by clini-
cal administrators. In order to capture the minimum of 186
charts of patients at risk of diabetes and account for potential
issues derived from missing data, 264 charts were reviewed.
Eligibility included all adults 18 and older who had utilized
health-care services at the clinic within the last two years.
Patients over 18 years of age are considered adults and the
study was interested in the adult population. Exclusion cri-
teria included charts with no documented vital signs, clinic
visit greater than two years ago, patient < 18 years. Dialysis
patients were also excluded from this analysis due to the
established high cost and frequency of visits, since the study
focus was on early disease and prevention. Those patients
with an established diabetes diagnosis, but were not receiv-
ing dialysis treatment, were included to analysze the cost for
providing medical services to people with diabetes.

2.3 Cost Analysis: Perspective
For the cost analysis component, the cost of providing care
to patients at risk of diabetes was done from a health care
system perspective. The health care system perspective takes
into account only those costs incurred by the clinic, as op-
posed to a societal perspective, which takes into account both
patient and health system costs.

2.4 Cost Analysis: Time and Motion
The first step in the cost analysis process was to perform a
time and motion study: a system of quantifying employee
time and resource utilization. This was done through di-
rect observation of staff but may also be done with self-
administered forms. For the purpose of this study, the time
and motion portion was conducted through direct observation
as staff forms were deemed burdensome by administration.
Two different staff members with the same title (i.e. two
nurses, two doctors etc.) were monitored over the course of
an entire shift and data were collected on number of patients
seen, amount of time spent with each patient and resource
utilization. To gather variations in efficiency of practice, one
experienced nurse as well as a new nurse were observed.
Providers were observed during a day and evening shift to
account for busier times of day.

2.5 Cost Analysis: Data collection
Utilizing accounting records, monthly staff salary and cost
of supplies and infrastructure were collected. These costs
were used to determine a general per patient per visit cost.
This cost was assigned to all patients. An estimate of staff
cost per patient was determined by estimating the time staff
spent with each patient, such as registration, nursing and
medical consultations, using the time and motion study (see
Table 2). Based on this information, an employee’s monthly
salary per visit per patient cost was then generated. For those
with indirect patient contact (cleaning staff, administration
etc.) monthly income was divided by the average number
of patients seen in one month. Although social work had
direct patient contact, they saw patients that opted-in to use
this service and would see these self-selected patients only
at intake therefore their time was not a per visit expense.

To determine additional costs, other utilization data were
extracted from the chart review including medications, di-
agnostic and clinical labs (including point of care testing)
and nutrition consults. Registration dispenses medications
and accepts the payment after patient visits, enabling the
team to identify patients who obtained medication directly
from Tiopa. For those that may have purchased medication
at an outside clinic, the cost was estimated by obtaining the
price of the medication from a local pharmacy. If lab results
were in the chart, it was assumed that they were completed
at Tiopa, unless the lab slip indicated otherwise (there were
approximately five charts with labs done at another medical
facility, a cost which was not included in the analysis). The
individual costs incurred by each patient were then added to
an Excel database.

2.6 Data analysis
Data analysis was conducted with R statistical software (ver-
sion 1.0.153).[16] To compare those with risk factors for
diabetes and continuous variables such as age or cost, none
of which were normally distributed, we used the Kruskal
Wallis test. To compare categorical risk factors such as sex,
the non-parametric Fisher’s exact test was used to account
for cells with a count of zero.

3. RESULTS

3.1 Retrospective Chart Review
All 264 charts reviewed had adequate data for the study
analysis and therefore were included. Table 1 describes the
demographics of the sample. The majority were female 66%
(n = 175). Sixty percent (n = 157) of patients were catego-
rized as overweight or obese. Those with a family history of
T2DM comprised 12.5% of the sample population and 27%
had a mixed family history that included a combination of
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T2DM, hypertension and cardiovascular disease. Personal
history of diagnosed comorbidities were as follows: diabetes
(13%, n = 34), dyslipidemia (9.5%, n = 25), and hypertension
(21%, n = 53).

Table 1. Sample population demographics
 

 

Variable N = 264 (%)  

Age   

18-30 68 (26) 

31-44 75 (28) 

45-64 76 (29) 

65+ 45 (17) 

Sex   

Female 175 (66) 

Male 89 (34) 

BMI†   

Underweight 3 (1) 

Normal 64 (24) 

Overweight 71 (27) 

Obese 86 (33) 

Unknown* 40 (15) 

Blood Pressure‡   

Normal 156 (59) 

Elevated 24 (9) 

Hypertension 42 (16) 

Unknown* 42 (16) 

Personal History   

Diabetes 34 (13) 

Dyslipidemia 25 (9.5) 

Hypertension 53 (21) 

Family History   

Diabetes 33 (12.5) 

CVD# 3 (1) 

Hypertension 20 (7.5) 

Multiple 72 (27) 

 Note. †BMI categories are defined as follows: underweight (BMI<18.5), normal  
(BMI 18.5-24.9), overweight (BMI 25-29.9), obese (BMI > 30). ‡An elevated  

blood pressure is defined as: 120-139/80-89 and hypertension: >140/90. #CVD is  
cardiovascular disease.* Unknown represents those charts that had incomplete  

vital signs and did not have either a documented height or blood pressure.  

 

3.2 Cost analysis

Table 3 aggregates total costs to give the total per patient per
visit cost. To account for the variation of costs for different
patients, the cost of additional resources, such as medica-
tions, lab work and nutrition consults for individual patients,
was added into the model. In summary, the base cost was
the cost of: personnel + infrastructure + recurrent and capital
goods = per patient, per visit cost.

The estimated per patient per visit cost from a health care

system perspective was $127.22 Mexican Pesos (MP, 2018).
In Table 4, the varying costs were analyzed based on differ-
ent levels of diabetes risk factors. The median per visit cost
remained mostly stable across risk factors, with the exception
of three risk factors that had a median cost of $153.7 MP.
The trend of the interquartile range increased with number
of risk factors (p < .001). Median cost demonstrates that the
four risk factor group costs nearly as much as the no risk
factor group. The mean cost per patient per visit shows a
larger difference between groups, as it shows the zero risk
factor group cost $148.4 MP and the four risk factor group
at $223.3 MP.

To assess the impact of uncertainty in the cost analysis, a
one-way sensitivity analysis was conducted for key parame-
ters. In Figure 1, the variables on the y-axis represent cost
inputs used to determine the per visit per patient cost. Note
that the base case value is $127.22. Cost inputs were var-
ied based on the range of uncertainty of the value. As the
number of patients seen monthly increased, cost decreased.
For all other inputs, such as provider time and equipment, an
increase in these variables equated to an increase in cost. The
two variables that had the largest impact on per patient cost
were the number of patients seen monthly and fixed monthly
costs.

Variable monthly costs: include office supplies and main-
tenance, costs that do not necessarily occur on a scheduled
monthly basis. Fixed monthly costs: utilities, taxes. Non-
direct clinic staff: accounting, administration, cleaning staff.
Patients seen monthly: average number of patients seen
monthly (1353). Cost of non-direct clinic staff, fixed and
variable monthly costs, recurrent and capital goods were
divided by this number to determine per patient per visit
cost. Equipment: supplies such as gauze, gloves, needles etc.
Nurse time: each patient is triaged by nurse and has vital
signs taken, this is the estimated time in minutes. Doctor
time: estimated time in minutes spent in consult. Base case
value: $127.22.

4. DISCUSSION
Data from the 2016 National Health and Nutrition Survey
(ENSANUT) in Mexico showed that 70% of adults were
overweight or obese, diabetes prevalence was 9.4% and hy-
pertension prevalence was 25.5%.[17, 18] This study findings
follow a similar trend with 60% of patients documented as
overweight or obese, and hypertension prevalence of 21%.
However, this study found a higher rate of diabetes preva-
lence (13%) and in a younger population. While risk is
generally noted to begin at age 45, this study did not have
access to additional patient information that may have illu-
minated unusual risk factors for an earlier age at onset. It
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should be noted that this reflects documented and diagnosed
disease and does not account for undiagnosed cases at Tiopa.
It is likely that the true prevalence of diabetes among Tiopa

patients is higher, given that methodical screening programs
are not in place.

Table 2. Cost of staff with direct patient contact ($Mexican Pesos, 2018)
 

 

Resource Daily work hours 
Average time in 
minutes/per patient 

Monthly salary Cost per patient 

Physician 6.5 10 $11333 12.1 

Nurse 6 5 $5308 3.4 

Registration/*pharmacy 8 2 $6056 1.3 

Nutritionist (first visit) 8 60 $5308 33.2 

Nutritionist (subsequent visits) 8 30 $5308 16.6 

Social Worker† 8 17.5 $4694 8.6 
  Note. *Registration also serves as pharmacy, dispensing medications after the medical appointment. †Patients opt-in to see social work to register as 
patients and determine cost of visits, which is a sliding scale based on income. 

 

Table 3. Total cost to the health care system ($Mexican
Pesos, 2018/patient/visit)

 

 

Resource Amount 
Per patient 
cost ($MP) 

Personnel     

Physician 1 12.1 

Nurse 1 3.4 

Registration/pharmacy 1 1.3 

Other (admin and cleaning staff)* 6 32.99 

Infrastructure     

Rent† n/a $0.00 

Fixed monthly costs (utilities, taxes) n/a $61.95 

Variable costs (office supplies, maintenance) n/a $8.45 

Recurrent goods     

Equipment‡  $6.39 

Capital goods     

Blood pressure machine 1 $0.32 

Accucheck# 1 $0.00 

Scale 1 $0.32 

TOTAL  $127.22 

 Note. *This cost included administration, accounting, cleaning staff, social work  
and excluded those with recurrent direct patient contact. †Rent is zero for this  
clinic. ‡Equipment includes recurrent medical supplies such as gauze, gloves, lab  
draw equipment etc. #Accucheck is a blood sugar point-of-care device that was  
donated by a local private entity.   

 

The findings from this study show that 83% of patients had
at least one risk factor for diabetes, with a median age of 36
(IQR 27-46), and median BMI in the overweight classifica-
tion of 28. Those with one risk factor were also more likely
to have elevated blood pressure (46%). While those patients
were not necessarily diagnosed with hypertension, they were
found to be borderline hypertensive at their most recent ap-
pointment. The characteristics of this group present a key
opportunity to intervene with at-risk young adults to prevent
them from developing obesity, hypertension and diabetes in
the future.[14] Those patients with one diabetic risk factor are
a key cohort with which to begin diabetic prevention strate-
gies. Addressing lifestyle modifications that can lower BMI
and blood pressure in patients ages 27- 46 years may slow
the progression to diabetes and hypertension.[14] Patients in
this setting would benefit from individualized counseling and
reinforcement of lifestyle changes to prevent progression of
disease. While agreeing upon an ideal HbA1c would be ideal,
lab capacity in low resource settings may be limited, making
other indicators of disease more important for monitoring
disease development or progression.[20]

Table 4. Total cost by risk factor and diabetes diagnosis ($Mexican Pesos, 2018/patient/visit)
 

 

Cost*    
No risk 
factors  
n = 46 

1 risk factor  
n = 96 

2 risk factors  
n = 70 

3 risk factors 
n = 44 

4 risk factors 
n = 8 

No diabetes 
diagnoses   
 n = 230 

Diagnosed 
diabetes  
n = 34 

Median 127.2 127.2 127.2 153.7 136.1 127.2 164 

(IQR) (127.2-127.2) (127.2-141.3) (127.2-144) (127.2-266.7) (127.2-331.7) (127.2-142.4) (130.7-353.2) 

Mean 148.4 152.2 160.3 209.3 223.3 155.8 230 

p-value < .001      < .001 
*Cost reflects the total cost to the health care system including; base case cost of $127.2, labs, medications, and nutrition visits.  
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Figure 1. Managers’ and nurses’ competence assessments

The cost analysis demonstrated that while, on average,
patients that present to Tiopa cost the healthcare system
$127.22 MP, that cost increases by $36.8 per visit for pa-
tients with diabetes. This is an expected finding, as people
with diabetes may have more frequent lab work and are likely
to be using more medications in comparison to individuals
who do not have diabetes. In 2012, ENSANUT found that a
patient with diabetes costs the Mexican health care system
on average $707 MP per year.[17] These costs could poten-
tially be avoided by early intervention. This analysis also
showed that the cost of patients who are at-risk for diabetes
increases as number of risk factors increases and is highest
for those in the three-risk factor category. This trend may
be because 64% of those in the three-risk factor category
have diagnosed diabetes. As patients go from one risk factor
to two risk factors, the diabetic prevalence increases from
4% to 63%. This demonstrates the importance of focusing
on the one risk factor group (pre-diabetes) for prevention
strategies. It was noted that the four risk factor group had
costs similar to the group with no risk factors. This may be
due to the small sample size in this group (n = 8) or perhaps
these patients are sicker and receive additional care at a ter-
tiary health center and come to Tiopa for urgent care visits
only. Understanding the financial impact of disease burden
on health care systems is essential to financial planning and
sustainability of diabetes prevention programs.[19]

The sensitivity analysis found that increasing the number of
monthly patient visits decreases cost, as this disperses costs
and resources across a larger pool of patients. Maximizing
providers’ time and ensuring that they are seeing a full sched-
ule of patients may improve costs, however, it may not be
practical in the study setting. It is also possible that having a
dedicated nurse or nursing staff to see patients at risk for dia-
betes may lower costs, given the number of patients seen and
the ability of nurses to provide comprehensive and adequate
care and counseling.[21]

There are several limitations in this study, the first being
recall bias. Data extracted from chart reviews relies partially
on patient reported data for family and personal history. This
may have led to an over or underestimate of the true preva-
lence of certain risk factors. It should also be noted that the
estimates are capturing only those in care at Tiopa and not
undiagnosed disease in the community. The second limi-
tation is selection bias. Data was obtained from one clinic
in Autlan and, therefore, findings may not be generalizable
to the entire Autlan population. Only services provided by
Tiopa and corresponding costs were included, findings may
not be generalized to other clinics. The goal of this study,
however, was to provide key Tiopa stakeholders with infor-
mation to identify areas for early intervention. In addition,
this study may offer tools for other institutions who wish to
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extract similar data from their respective facilities.

While this analysis looked at the charts of patients at risk
of diabetes, depending on local disease burden, any chronic
disease could be analyzed for financial planning and fore-
casting.[19] Identifying and quantifying those patients at risk
for chronic, preventable disease is necessary for lowering the
chronic disease burden and its sequelae. From a financial
perspective, a cost analysis can justify the need for continued
financial support to funders and key stakeholders.

In summary, our study showed that the cost of providing
care in this primary care setting increased as patients’ risk
factors for diabetes increased. Primary care clinics are the

ideal setting for disease prevention and intervention before
the development of diabetes. Given the burden of T2DM
in Mexico and globally there is a need for more effective
primary care disease prevention strategies, to not only re-
duce health care costs but to improve patient outcomes. A
continuation of this study could compare costs of diabetes
preventative programs to the current costs of caring for pa-
tients with diabetes. Future studies could estimate the costs
of specific disease prevention programs.
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