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Abstract

BACKGROUND AND OBJECTIVES: Student-Run Free Clinics (SRFCs) play a significant 

role in medical education yet there is minimal information about patient outcomes over time in 

this setting. The purpose of this study was to assess longitudinal outcomes of hypertension 

management during routine care at four SRFC sites, while comparing control rates with national 

standards, and examining for characteristics independently associated with uncontrolled 

hypertension.

METHODS: The authors conducted a retrospective medical record review of visits from January 

2004 through April 2016 with an initial visit for hypertension and a follow-up visit 9 to 15 months 

later. Hypertension control was analyzed using descriptive statistics, paired t tests, logistic 

regression, and a longitudinal linear mixedeffects model.

RESULTS: This study included 496 patients and 4,798 visits. The mean age was 50.9 (SD 10.8) 

years old, 71.2% (346) were Latinos, 63.3% (314) were Spanish speaking, and 15.5% (72) were 

homeless. Mean blood pressure was reduced from 141.6 (SD 21.8)/85.1 (SD 13.2) to 132.1 (SD 

17.3)/79.4 (SD10.8), a decrease of 9.5 (CI 7.4, 11.5)/5.7 (CI 4.4, 7.0) mmHg. Blood pressure was 

significantly reduced within the first month of treatment, and this reduction was sustained 

throughout the follow-up period. Using the National Health and Nutrition Examination Survey 

(NHANES) definition (<140/<90), blood pressure was controlled in 59.7% (296/496) of patients. 

No significant differences in control were noted based on gender, ethnicity, language, housing 

status, or clinic site.
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CONCLUSIONS: SRFCs can provide effective long-term hypertension management and achieve 

rates of control that exceed national averages despite serving those least likely to be controlled.

Cardiovascular disease is the leading cause of death in the United States, and hypertension is 

the most significant modifiable risk factor for this disease.1 Hypertension affects 

approximately one third of the adult population in the United States, or 80 million people.1–3 

It is estimated that 46,000 deaths could be prevented each year if hypertension was 

adequately treated.3 However, National Health and Nutrition Examination Survey 

(NHANES) data demonstrated that over half (53.5%) of hypertensive patients had 

uncontrolled blood pressure.4 Those with the lowest rates of blood pressure control 

nationally include Mexican-Americans (36.9%), the uninsured (29.0%), and those without a 

usual source of care (12.1%).5

Over 75% of Association of American Medical Colleges (AAMC) institutions now have 

Student-Run Free Clinics (SRFCs).6 The AAMC Graduation Questionnaire demonstrates 

that free clinics are a core part of medical education, as each year over 70% of fourth-year 

medical students have been involved in a free clinic for the underserved.7 The University of 

California, San Diego (UCSD) School of Medicine Student-Run Free Clinic Project 

(SRFCP) has been previously described in the literature and now operates at four clinical 

sites.8–12

Hypertension is one of the most common medical conditions treated at SRFCs.6 Two SRFCs 

have published data documenting that their rates of control were comparable to national 

standards.13,14 Based on data from long-term clinical trials and cohort studies, the full effect 

of blood pressure reduction is achieved within one year.15 Therefore, we aimed to assess 

blood pressure control in our patient population after approximately 1 year of treatment in 

our setting.

The purpose of this study was to assess longitudinal outcomes of hypertension management 

during routine care at four SRFC sites, while comparing blood pressure control rates with 

national standards and examining for characteristics independently associated with 

uncontrolled hypertension within this patient population.

Methods

Data Collection

This was a retrospective medical record review of clinic visits from January 2004 through 

April 2016. A Microsoft Access (Redmond, WA) database and EPIC (Verona, WI) 

Electronic Health Records were used to record patient demographics, diagnoses, and vitals 

signs. We queried this database for new patients 18 years of age and over with a diagnosis of 

hypertension and at least one followup visit between 9 and 15 months from the initial visit 

for inclusion in this study.

Outcomes

Baseline blood pressure measurements were recorded at the initial visit for hypertension. 

The blood pressure recorded at the visit closest to 1 year from the initial diagnostic visit was 
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considered the outcome blood pressure. To allow for usual variation in clinical practice, we 

included visits up to 3 months before or after the 1-year time frame in this study (9 to 15 

months). We defined a dichotomous blood pressure control variable as controlled or 

uncontrolled, with control defined as the systolic blood pressure (SBP) <140 mm Hg and the 

diastolic blood pressure (DBP) <90 mm Hg. This allows our data to be compared to national 

datasets as NHANES classifies SBP of <140 mm Hg and DBP <90 mm Hg as controlled 

based on an average of up to three blood pressure readings during a single examination at a 

mobile examination center.4 The study timeframe overlaps with two blood pressure 

guidelines, The Seventh16 and Eighth17 Report and of the Joint National Committee on 

Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC7: 2003–

2013) and (JNC 8: 2014–present). Both guidelines are consistent with NHANES as they also 

set blood pressure goals as <140/<90. However, JNC 8 now allows for a more lenient blood 

pressure goal of <150/<90 for people over 60 years of age. To allow for comparisons with 

national data sets, the more lenient blood pressure goal for individuals over 60 years of age 

was not considered in this study. NHANES and JNC8 do not include a lower blood pressure 

goal for diabetic patients.

Statistical Analysis

Participant demographics were summarized overall and for each of the four enrollment sites 

using numbers and percentage for categorical variables (age, gender, ethnicity, housing 

status, primary language, and diabetes status) and mean and standard deviation for 

continuous variables (age). Ethnicities considered include Hispanic, White, Black, Asian, 

and Other. Primary language included English, Spanish, and other language. Housing status 

was dichotomized into two variables, housed and homeless. The comparison between sites 

used Fisher’s exact test for categorical variables and F-test for continuous variables. The 

baseline and 12-month follow-up values for SBP and DBP were summarized using mean 

and standard deviation, overall, by diabetes status, and by enrollment site. The changes from 

baseline to 12-months in SBP and DBP used the paired t test. Hypertension control (defined 

as SBP <140 and DBP <90 at 12 months) was reported using numbers and percentages, 

overall and by site and demographic covariates (age, gender, ethnicity, housing status, 

primary language, and diabetes status). Unadjusted odds ratios and 95% confidence intervals 

were computed using single-predictor logistic regression models. The P value of the 

association of each of these factors with hypertension control at 12 months used Fisher’s 

exact test for categorical predictors and the likelihood ratio test of logistic regression for 

continuous predictors (baseline SBP and DBP). An adjusted analysis used multiple logistic 

regression, with the final model chosen based on the Akaike information criterion (AIC), 

which emphasizes accurate prediction of the outcome (hypertension control). The P values 

of the adjusted analysis used the likelihood ratio of the multiple logistic regression. The 

longitudinal blood pressure reduction in 1-month intervals over 12 months was evaluated 

using a linear mixed-effects model with a random subject effect. All P values were two-

tailed with a .05 significance threshold. Statistical analyses were performed using the R 

statistical language.18 The Institutional Review Board at UCSD approved this study.
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Results

Study Population

Demographics of the study population are summarized in Table 1. Overall, including all four 

sites, the mean age was 50.8 years (SD=10.8), and the study population included a 

significant percentage of underserved minorities including Hispanics (71.2%), Spanish 

speakers (63.3%), and homeless patients (15.5%).

Blood Pressure Results

A total of 4,798 visits for hypertension were included in this study. Mean blood pressure 

from the initial visit was 141.6 mm Hg (SD=21.8) systolic and 85.1 mm Hg (SD=13.2) 

diastolic (Table 2). Overall, the mean outcome blood pressure measurement was 132.1mm 

Hg (SD=17.3) systolic and 79.4 mm Hg (SD=10.8) diastolic, a reduction of 9.5 mmHg (CI 

7.4, 11.5) and 5.7 mmHg (CI 4.4, 7.0) respectively (P<.0001 for both). The SBP rate of 

control was 66.9% (332/496), and the DBP rate of control was 78.2% (388/496). The overall 

percentage of patients who met both the SBP goal of <140 and DBP goal of <90 was 59.7% 

(296/496). The percent of patients reaching blood pressure control by age, gender, ethnicity, 

primary language, and homeless status are listed in Table 3. We found no significant 

differences in hypertension control by clinic site (P=.14), housing status (P=.70), gender 

(P=.85), ethnicity (P=.70), or primary language (P=.17) (Table 3). However, patients 60 

years of age and older were less likely to have reached their blood pressure goal (54/101; 

53.5%) than those aged 18–39 (52/75; 69.3%) or 40–59 (190/320; 59.4%) (P=.033). SBP 

and DBP decreased on average by 6.1(CI 4.4–7.8) mmHg and 3.2 (CI 2.1–4.2) mmHg 

within the first month and stayed significantly lower than baseline throughout the 12-month 

follow up period (P<.0001) (Figure 1).

Discussion

Patients with hypertension receiving treatment at four sites of the UCSD SRFCP had a 

significant reduction in SBP and DBP over time. In addition to these reductions reaching 

statistical significance (P<.0001), they also have clinical significance. In the largest meta-

analysis of randomized trials of blood pressure analysis to date (147 trials), lowering blood 

pressure by 10 mm Hg systolic and 5 mm Hg diastolic was found to reduce cardiac events 

by one-quarter and stroke by a third.15 Our patients had a similar size decrease of 9.5 mm 

Hg SBP and 5.7 mm Hg DBP, therefore it is reasonable to expect a similar decrease in 

cardiac events and stroke as a result of the treatment patients received at the SR-FCs. There 

is a positive, continuous, independent association of lowering blood pressure with coronary 

heart disease and stroke, even in those with mild hypertension.19,20 The benefit of blood 

pressure control may be even more than blood glucose control in diabetic patients.21–23 The 

UK Prospective Studies Diabetes Group demonstrated that by lowering the blood pressure 

by 10 mm Hg/5 mm Hg for 10 years, the number needed to treat (NNT) to prevent one death 

was 15.21

In addition to reducing the mean SBP and DBP over time, overall rates of blood pressure 

control in our SRFC patient population compared favorably with national data sets. 

Smith et al. Page 4

Fam Med. Author manuscript; available in PMC 2019 March 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



NHANES reported the rate of blood pressure control as 45.8% overall, 36.9% in Mexican-

Americans, and 29.0% in uninsured patients.5 The overall rate of control in our multisite 

SRFC study using the same definition was 59.7% (296/496) and 61.0 % (211/346) in 

Latinos. Our results suggest that SRFCs can meet or exceed national averages for blood 

pressure control and that SRFCs can provide effective chronic disease management for 

hypertensive patients over time.

SRFCs provide quality care in resource limited settings despite serving patients whose 

demographics reflect those who are the least likely to be controlled nationally. At the UCSD 

SRFCP sites, some explanations for this may include that although our patients are 

uninsured, we provide them with medical consultations, laboratory services, and provide 

medication on-site, same-day, free of charge. Employed and volunteer faculty attending 

physicians who have been chosen for their dedication to student education, excellence in 

clinical care, and humanism in medicine provide continuity of care. Despite the 

preconceived notion that SRFCs provide walk-in or acute care to a transient population, over 

90% of our visits are follow-up visits. Our clinic sites are based in the community where 

these populations are likely to return, including churches who serve meals to the homeless 

and local public elementary schools.

Using NHANES criteria, patients 60 years of age and older met blood pressure goals at a 

lower rate than younger patients. However, using the newer JNC8 guidelines, released 

during the latter part of this study time frame, patients 60 years of age or older now have a 

more lenient blood pressure goal of <150/<90. It is likely that this change would eliminate 

the age-based disparity in blood pressure control noted in our setting.

While the blood pressure control documented in this study exceeds national standards, there 

is still room for improvement as approximately 40% of patients remain uncontrolled. 

Medical students are, by definition, in charge of the day-today administration of SRFCs.24,25 

As health care moves toward more population-based management and routinely assessing 

quality assurance, it seems prudent and timely for SRFCs to regularly assess their quality of 

care, particularly for chronic disease management.24

This study has several limitations. First, it is a retrospective medical record review. 

Prospective studies could be considered, particularly to assess the outcomes from targeted 

interventions to improve hypertension control. Second, all clinic sites are affiliated with a 

single institution in San Diego, CA. However, this study included patients from four clinic 

sites, each in a different area of the city. Third, we assessed control of patients after 1 year of 

treatment, biasing the data toward patients with compliance and follow up. However, 

additional analysis for patients with any follow-up visit between 30 days to 5 years after 

their baseline revealed similar results that were consistent with these findings (data not 

shown). Finally, blood pressure measurements were taken with a manual 

sphygmomanometer, which may result in some level of reporter bias. Further areas of 

inquiry include prospective multi-institutional studies of chronic disease management at 

SRFCs.
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Conclusions

This study adds to the growing body of literature suggesting that SRFCs are providing not 

only a service-learning opportunity for their students but also quality medical care that meets 

or exceeds national standards.
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Figure 1: 
Mean Systolic and Diastolic Blood Pressure Change in Hypertensive Patients, Recorded in 

Monthly Intervals From Baseline, With 95% Confidence Intervals. University of California 

San Diego Student-Run Free Clinic Project From January 2004 Through April 2016, n=496
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