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Introduction

According to a recent report by the Institute of Medicine,[1] 
effective delivery of preventive strategies can improve health 
outcomes in the US more efficiently than treatment alone. 
Research has addressed the impact of physicians’ own health 

and lifestyle habits on their counseling practices related to 
health promotion and disease prevention. Study findings 
indicate that physicians’ personal health habits are consistent, 
important predictors of their patient counseling habits.[2-4] That 
is, physicians who engage in healthy lifestyles serve as role 
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models and are more likely to counsel and motivate patients to 
modify unhealthy habits, such as poor diets, physical inactivity, 
and smoking. With the rising prevalence of chronic diseases, 
such as obesity and diabetes, it is increasingly important that 
medical school curricula include learning opportunities in 
lifestyle management and behavioral counseling for future 
practitioners.[5-8]

On entering medical school, students generally report healthier 
lifestyle habits than their peers.[9,10] However, the academic 
demands and challenges of medical school can make it difficult 
for physicians-in-training to maintain healthy behaviors over 
the course of their 4-year program, with potential adverse 
consequences on their physical and psychological health.[11,12] 
Studies have suggested a decline in physical activity, diet 
quality, life satisfaction, and general health during medical 
school.[11,13,14] In addition to long-term, detrimental effects on 
the health of these future physicians, there is potential for a 
greater impact on the health of the general public due to less 
frequent preventive counseling by physicians who do not 
“practice what they preach.”[15]

The vast majority of research on the health status and lifestyle 
habits of medical students comprises cross-sectional studies 
that rely on self-report surveys rather than clinical measures of 
cardiometabolic risk such as blood pressure and lipid profile. 
To the best of our knowledge, there have been no longitudinal 
studies conducted in the US that provide objective clinical 
evidence to support the hypothesis that medical school has a 
negative impact on personal health and lifestyle habits. The 
aim of this study is to assess changes in anthropometric and 
metabolic parameters along with nutrition and physical activity 
habits in students from their 1st to 4th years of medical school. 
The results will be useful in guiding future curricular changes 
to improve and sustain the health and lifestyle habits of students 
throughout medical school.

Subjects and Methods

The study used a prospective, longitudinal design to assess 
changes in a variety of health indicators in medical students 
between their first and last quarters of medical school. All 
participants gave written, informed consent, and the study was 
approved by the Institutional Review Boards of the institutions 
conducting the research. During Fall 2006 and Fall 2007, 
all male and nonpregnant female 1st-year medical students 
attending a local university were eligible to participate in the 
study. Participants were recruited through communications 
to all incoming students. Interested students were scheduled 
for a visit at a nearby research center. Because some study 
investigators have a teaching role at the university, students 
were assured that their decision whether to participate would 
not affect their grades.

In the first quarter of year 1 (academic years 2006, 2007) 
and the last quarter of year 4 (academic years 2010, 2011), 

participants’ clinical parameters were measured by trained 
clinical research staff. Height, weight, body mass index (BMI), 
and waist circumference were measured using standard methods 
described previously.[16] Percent body fat was measured by 
dual-energy X-ray absorptiometry (Discovery 4500A, Hologic 
Inc, Bedford, MA, USA). Blood pressure was measured manually 
twice, after a 5 minutes rest with participants seated; if systolic 
or diastolic values differed by more than 5 mmHg, a third 
measurement was taken. Fasting blood was obtained through 
venipuncture and analyzed in the Centers for Disease Control 
and Prevention (CDC)-certified laboratory for lipids, glucose, 
and insulin.

Participants completed the Baecke questionnaire of physical 
activity,[17] a brief, self-administered tool validated for use in adults 
to assess usual physical activity.[18] The Baecke questionnaire 
contains 16 questions divided into three categories: occupational 
physical activity, leisure-time sports participation, and nonsport 
leisure time physical activity. Cardiovascular fitness was measured 
using the Forestry step test, a modified version of the Harvard step 
test.[19] A fitness score based on the step test results and adjusted for 
age, weight, and gender was determined using tables developed 
by Sharkey.[20] Numeric scores were translated into seven fitness 
categories ranging from superior to very poor.[21]

At the study visit, a registered dietitian instructed each 
participant how to record their dietary intake. Participants were 
also given written instructions and a handout describing how to 
estimate portion sizes. Participants recorded all food, beverage, 
and supplement intake for 3 days. Completed records were 
reviewed by the dietitian, and the data were analyzed using 
Nutrition Data Systems for Research (Nutrition Coordinating 
Center, University of Minnesota, Minneapolis, MN, USA). 
The 3 days of intake were averaged together to reflect the 
usual intake. The 3-day diet record is an appropriate method 
for assessing intake of energy and macronutrients in adults.[22] 
The analysis included intake of kilocalories, macronutrients, 
specific micronutrients, fiber, and alcohol as well as food 
groups. The Healthy Eating Index (HEI) 2005 is a composite 
of 12 components that represent both adequacy of diet and 
moderation of intake. The HEI score was calculated according 
to established methods, with a maximum score of 100.[23]

Each participant completed the CDC’s health-related quality of 
life (HR-QOL) survey. This 14-item tool is a validated[24] and 
reliable[25] instrument that assesses respondents’ perceptions 
of mental and physical health during the past 30 days. The 
HR-QOL measures self-reported perception of one’s overall 
health, physical health, and mental health (with response 
choices of excellent, very good, good, fair, or poor); physical 
or mental health symptoms; and number of perceived “healthy 
days” in the past 30 days.

Statistical methods
To ensure a power of at least 80% and margin of error 
of 5% at 95% confidence interval, nQuery Advisor®, 
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version 5.0 (Statistical Solutions Ltd, Cork, Ireland) software 
was used to calculate the minimum sample size required. Data 
were entered in a password-protected database and analyzed 
in 2013–2014 using SAS®, version 9.3 (SAS Institute, Cary, 
NC, USA). The initial univariate analysis involved checking 
distributions, looking for outliers, and examining deviation 
from the assumption of normality. A natural logarithmic 
transformation was used for analysis of triglycerides, physical 
activity, total caloric intake, total alcohol intake, percent alcohol 
intake, and Vitamin D. Pearson’s correlations were used to assess 
the association between measured outcome at either baseline 
or follow-up, both overall and by gender. A generalized linear 
model was used to examine the change over time, initially 
examining the time by gender interaction. If the interaction was 
nonsignificant (P	≥	0.05),	the	model	including	only	the	main	
effects was examined to look at both time and gender differences. 
Means or least-square means, as appropriate, and associated 
standard errors (SEs) are reported; for variables analyzed using 
a natural logarithmic transformation, the geometric means and 
associated geometric SE are reported. All means and SEs are 
reported as means (SE). The 95% confidence limits for the 
mean are also reported, as appropriate. P < 0.05 was considered 
statistically significant, unless otherwise noted.

Results

A total of 125 medical students (55 males and 70 females; 
99 Caucasians, 4 African Americans, and 22 Asians) were 
enrolled	in	the	study,	reflecting 	46.5	percent	(67/144)	of	the	
1st-year students in 2006 and 40.8 percent (58/142) of the 
1st-year students in 2007. Seventy-eight percent (97/125) of 
the enrolled participants completed both visits. Reasons for 
attrition included leaving the class or the program (n = 8) 
and being lost to follow-up, referring to those who were still 
in the program but did not respond to multiple attempts to 
schedule a follow-up study visit, or those who scheduled 
but did not attend the follow-up visit in year 4 (n = 20). 
On comparing baseline characteristics of participants who 
completed the study and those who did not, the groups 
had similar demographic, anthropometric, and metabolic 
profiles, except plasma triglycerides which were higher 
among completers. Participant characteristics at baseline 
(year 1) are shown in Table 1. Males and females differed 
on four measures: BMI (25.5 [0.5] kg/m2 for males vs. 
22.7 [0.4] kg/m2 for females), waist circumference (mean 
87.5 [1.4] cm for males vs. 81.2 [1.2] cm for females), body 
fat (mean 18.1 [0.8] percent for males vs. 27.8 [0.7] percent for 
females), and high-density lipoprotein (HDL)-cholesterol 
(mean 48.0 [1.8] mg/dL for males vs. 59.4 [1.5] mg/dL for 
females) (P < 0.001 for all measures). The age and race 
composition of our study population was representative of the 
year 1 class at the UC College of Medicine; however, we had 
a slight over-representation of female students.

Although mean values for anthropometric and metabolic 
measures at year 1 were within or near the healthy range,[26-30] a 

number of students exhibited values indicating cardiometabolic 
risk [Figure 1]. Changes over the course of medical 
school are shown in Table 1. There were no statistically 
significant differences between year 1 and year 4 in body 
size or composition. Systolic blood pressure did not show 
a statistically significant change from year 1 to year 4, 
but diastolic blood pressure increased from 67.6 (0.8) to 
70.7 (0.8) mmHg (P = 0.01). HDL-cholesterol increased 
from 53.6 (1.2) to 59.3 (1.2) mg/dL (P < 0.001) but total 
cholesterol, low-density lipoprotein (LDL)-cholesterol, 
and triglycerides did not show any statistically significant 
change over time. Fasting insulin increased from 11.3 (0.5) 
to 16.5 (0.5) μU/mL (P < 0.001), while fasting blood glucose 
did not show any statistically significant change. As would be 
expected, at each time point, BMI was negatively correlated 
with HDL-cholesterol and positively correlated with total 
cholesterol, LDL-cholesterol, triglycerides, blood pressure, 
waist circumference, glucose, and insulin. BMI and percent 
body fat were positively correlated by sex at both time points.

Cardiovascular fitness scores showed a trend toward declining 
over time (from 47.5 [0.6] to 45.8 [0.6]; P = 0.05); yet, mean 
scores in both year 1 and year 4 fell within the “Very Good” 
fitness category for both genders. Conversely, self-reported 
physical activity increased from year 1 to year 4 (P < 0.001), 
with a mean score consistent with those reported by similar 
age groups in other studies [Figure 2].[31,32]

Table 1: Anthropometric and metabolic measures of 
participants in year 1 and year 4 of medical school (n=97)

Characteristics Year 1 Year 4 P*
Age (years) 23.9 (0.24)

23.4-24.4
27.9 (0.24)
27.4-28.4

<0.001

BMI (kg/m2) 24.1 (0.33)
23.4-24.7

24.1 (0.33)
23.5-24.7

0.97

Waist 
circumference (cm)

84.4 (0.92)
82.6-86.2

84.6 (0.92)
82.8-86.4

0.89

Body fat (%) 23.0 (0.51)
22.0-24.0

23.1 (0.50)
22.1-24.1

0.83

Total cholesterol (mg/dL) 169.5 (3.75)
162.2-176.8

169.3 (3.75)
161.9-176.6

0.97

HDL-cholesterol (mg/dL) 53.6 (1.18)
51.3-55.9

59.3 (1.18)
57.0-61.6

<0.001

Triglycerides (mg/dL)† 91.4 (1.05)
83.1-100.4

81.9 (1.05)
74.5-90.1

0.26

LDL-cholesterol (mg/dL) 93.7 (2.82)
88.2-99.3

91.2 (2.81)
85.7-96.7

0.52

Fasting glucose (mg/dL) 85.8 (1.25)
83.3-88.2

89.0 (1.24)
86.6-91.4

0.07

Fasting insulin (μU/mL) 11.3 (0.54)
10.2-12.4

16.5 (0.54)
15.5-17.6

<0.001

Systolic blood pressure 
(mmHg)

107.4 (1.01)
105.5-109.4

109.2 (1.01)
107.2-111.2

0.22

Diastolic blood pressure 
(mmHg)

67.6 (0.83)
66.0-69.3

70.7 (0.83)
69.1-72.3

0.01

Data are reported as mean (SE) 95% confidence limit for the mean. *P value for change 
in value from year 1 to year 4, note these means are adjusted for sex, †For triglycerides, 
geometric means and standard errors with appropriate 95% CI are reported. BMI: Body 
mass index, HDL: High-density lipoprotein, LDL: Low-density lipoprotein, CI: Confidence 
interval, SE: Standard error
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Participants’ energy intake remained constant from year 1 
to year 4; however, the macronutrient distribution of energy 
changed, with the percentage of energy from fat increasing 
from 29.1 (0.7) to 32.0 (0.7) (P < 0.01), and percentage 
of energy from carbohydrate decreasing from 52.3 (0.9) 
to 47.9 (0.9) (P < 0.001) [Figure 3]. Intake of alcohol as a 
percentage of total energy increased (P = 0.02) from year 1 
to year 4 [Figure 3], but the mean intake of alcohol was low. 
With the exception of Vitamin D and sodium, participants’ 
mean intake of all micronutrients analyzed met the dietary 
reference intakes (DRIs)[33] and did not change significantly 
from year 1 to year 4. The mean HEI score measured in year 
1 of 65.6 (1.2) was higher than in the general population of 
20–39 year olds (54.2),[34] with no statistically significant 
change when remeasured in year 4.

Significant gender differences were seen for three nutrients. 
The overall mean intake in Vitamin D increased over time from 
192 (43.6) to 272 (43.6) IU/day (P < 0.01) from year 1 to year 4, 
with an increase from 164 (44.4) to 308 (44.4) IU/day (P < 0.001) 
among females but no statistically significant change among 
males. Dietary sodium decreased from 3899 (124.5) to 
3528 (124.5) mg/day among all participants (P = 0.04), 
with intake significantly declining from 4770 (188.3) to 
3742 (188.3) mg/day (P < 0.001) among males but no significant 
change among females. Trans fat intake increased among males 
from 2.4 (0.2) to 3.4 (0.2) g/day (P < 0.01) over the study period, 
but did not change significantly among females.

According to the HR-QOL, all participants rated their health 
as good, very good, or excellent. When asked about their 
health in the past 30 days, in year 1, the median number of 
poor physical health days reported by both genders was 0, and 
the median number of poor mental health days was 3. These 
HR-QOL measures showed no statistically significant changes 
from year 1 to year 4.

Discussion

Our results indicate that medical students in this study were 
generally healthy with relatively few participants exhibiting 
values associated with clinical risk. Although obesity rates in 
the US have increased significantly over the past three decades, 
based on BMI measures only 6.2% (6/97) of participants 
at the year 1 visit, and 5.1% (5/97) at the year 4 visit were 
obese. These figures are considerably lower than the 30.3% 
prevalence rate among young adults in the US. The prevalence 
rates of overweight among the participants (25.8% [25/97] 
in year 1 and 27.8% [27/97] in year 4) were slightly below 
the national rate of 30% among young adults.[35] Participants’ 
body fat measures were significantly correlated with BMI, by 
sex. However, body fat measures indicated a slightly lower 
prevalence of overweight and obesity[29] than BMI measures. 
As expected, BMI and % body fat were significantly correlated 
with almost all clinical measures; that is, students with higher 
BMIs and higher % body fat were more likely to exhibit higher 
cardiometabolic risk.

Diastolic blood pressure and insulin worsened among 
participants from year 1 to year 4. Hypertension is diagnosed 
when	 systolic	 blood	 pressure	 is	 ≥140	mmHg,	 or	 diastolic	
blood	pressure	is	≥90	mmHg.	While	hypertension	is	prevalent	
among 7.3% of Americans aged 18–39 years,[36] there were no 

Figure  1: Percent of participants displaying borderline and at-risk 
metabolic values during year 1  (n  =  97). Borderline risk  (black) 
indicates values above normal but below the level classified 
as having active disease or risk; these include body mass 
index between 25 and 29.9 kg/m2; body fat 24.9–29.7%  (males) 
or 37.0–41.7% (females); systolic blood pressure 120–139 mmHg or 
diastolic blood pressure 80–89 mmHg; total cholesterol 200–239 mg/dL; 
low density lipoprotein-cholesterol 130–159 mg/dL; and triglycerides 
150–199 mg/dL. Risk (grey) indicates values that are in the defined 
“risk” range according to established guidelines for these measures. 
These include body mass index ≥30 kg/m2; body fat ≥29.8% (males) 
or  ≥41.8%  (females); waist circumference  >100 cm  (males) 
or >88 cm (females); systolic blood pressure ≥140 mmHg or diastolic 
blood pressure ≥90 mmHg; total cholesterol ≥240 mg/dL; low density 
lipoprotein-cholesterol  ≥160 mg/dL; triglycerides  ≥200 mg/dL; 
high density lipoprotein-cholesterol  <40 mg/dL  (males) or  <50 mg/
dL (females); fasting glucose ≥100 mg/dL. Values (%) on each bar 
represent the proportion of study participants who have “at risk” values 
for that measure

Figure 2: Cardiovascular fitness scores and usual physical activity 
scores of participants during year 1 and year 4 of medical school. 
Fitness scores were based on recovery heart rate following the 
step test, and adjusted for age and sex. The numeric fitness score 
corresponds to a fitness category ranging from “superior” to “very poor.” 
Physical activity scores reflect the sum of self-reported individual scores 
for occupational, sport, and nonsport leisure activity captured in the 
Baecke physical activity questionnaire. Physical activity scores can 
range from 3 to 15. *P = 0.05 (for change in value from year 1 to year 
4); †P < 0.001 (for change in value from year 1 to year 4)
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participants with blood pressure levels indicating hypertension. 
Still, 18.5% (18/97) of the study population in year 4 exhibited 
prehypertension, which is having systolic blood pressure 
between 120 and 139 mmHg or diastolic blood pressure 
between 80 and 89 mmHg. Elevated fasting insulin indicates 
insulin resistance, a risk factor for diabetes and cardiovascular 
disease. Although insulin levels increased significantly during 
the study period, mean fasting insulin values in both year 1 
and year 4 were within the reference range.[28] However, in 
year 4, 10 participants had insulin levels exceeding 25 μU/mL. 
Mean levels of HDL-cholesterol among participants were 
higher than the adult average[37] and increased over the 
course of medical school. Lifestyle modification associated 
with increased HDL-cholesterol includes frequent aerobic 
activities. Interestingly, participants reported an increase in 
their physical activity during medical school, which may have 
been influenced by the opening of a fitness center within the 
medical college mid-way through the study period.

In our study, participants reported lifestyle habits congruent 
with national recommendations. Prior research has indicated 
that medical students report higher physical activity levels 
than age-matched peers in the general population.[9] However, 
a recent longitudinal study using objective measures of 
physical fitness among medical students at the Uniformed 
Services University showed that muscular endurance and 
aerobic capacity declined during medical school.[38] Our results 
concurred with these studies, showing a trend toward declining 
physical fitness during medical school, despite a reported 
increase in physical activity.

While college students often adopt unhealthy eating habits 
related to factors such as stress and lack of time, a recent 
study of Malaysian medical students by Ganasegeran et al.[39] 
suggested that most medical students consume relatively 
healthy diets that meet national dietary guidelines. Similarly, 
our findings showed that participants’ intake of carbohydrate, 
protein, and fat was within the acceptable macronutrient 

distribution ranges, intake of most micronutrients met DRI 
recommendations, and HEI scores were indicative of a 
relatively high-quality diet in both years 1 and 4.

Despite the overall quality of the participants’ diets, a few 
concerns were noted. With the increasing awareness of the 
essential role of Vitamin D in preventing osteoporosis and the 
common occurrence of insufficient Vitamin D status in the US, 
it is not surprising that Vitamin D intake increased during the 
study, particularly among females. Yet, the mean Vitamin D 
intake was below the current recommendation of 600 IU/day 
for both males and females throughout medical school. 
Similarly, some students may have been motivated to restrict 
sodium intake due to an emphasis on lowering dietary sodium 
for the prevention and treatment of hypertension. However, 
the average sodium intake of all participants remained higher 
than the American Heart Association recommendation of 
1500-2300 mg/day. The role of trans fat in the promotion of 
cardiovascular disease led the National Heart, Lung, and Blood 
Institute and the American Heart Association to recommend 
consuming as little trans fat as possible. Yet, intake of trans fat, 
found primarily in convenience and processed foods, increased 
among males during the study period.

In a longitudinal survey of US medical students by Frank 
et al.,[10] almost all students (97%) categorized their health 
as good, very good, or excellent, with a median of 1 day 
of poor physical health in the past month. Women reported 
significantly more days of poor mental health at the end of 
medical school (i.e. an increase from 1 to 2 days per month), 
while men reported no days of poor mental health at the start 
and finish of medical school. Our study results support the prior 
study’s notion that medical students rate their health highly 
with very little occurrence of poor physical health. However, in 
our study, both males and females reported a higher frequency 
of poor mental health (median of 3 days per month) throughout 
medical school, perhaps related to multiple stressors such as 
academic challenges, financial concerns, or life events.[11,12]

The results of several research studies suggest that the 
integration of nutrition and physical activity topics throughout 
the curriculum’s didactic and clinical components is needed to 
positively influence students’ knowledge and behaviors.[4,40,41] 
During the study, in years 1 and 2 of medical school, the 
College’s Clinical Foundations courses included nutrition 
lectures that were delivered by physicians and dietitians. The 
lecturers addressed dietary guidelines for disease prevention 
and nutrition therapy for several medical conditions, such as 
cardiovascular disease, diabetes, obesity, and critical illness. 
During the 3rd year clerkships, teaching strategies included 
lectures, case studies, online learning modules, and clinical 
experiences that addressed clinical nutrition. In addition, 
optional nutrition-related learning experiences were available 
to students. Clinical Nutrition, a 2-week elective course, was 
offered to 4th year students. The Medical Student Scholars 
Program – Nutrition Pathway was a longitudinal program that 

Figure 3: Mean caloric intake and distribution of macronutrients (as 
percentage of total kilocalories) of participants during year 1 and year 
4 of medical school. *P = 0.02, change from year 1 to year 4; †P < 0.01, 
change from year 1 to year 4; ‡P < 0.001, change from year 1 to year 
4. Stripes represent carbohydrate; dots represent protein; solid black 
represents fat; solid white represents alcohol
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offered nutrition-related extracurricular educational, clinical 
and research experiences to selected members who were 
admitted as 1st year students.

Limitations
There are inherent limitations to our study. Since all participants 
were recruited from one medical school, generalizability of 
results is limited to similar institutions. Enrollment in the 
study was voluntary and limited; therefore, study participants 
may not represent our medical student population in terms of 
health status or lifestyle habits. While we assessed alcohol 
consumption as part of the overall diet analysis, we did not 
collect further data on factors such as alcohol consumption 
patterns, smoking, or other coping behaviors which may 
have provided more insight into the participants’ health. The 
longitudinal design and objective measurement of clinical 
parameters by trained health professionals following specific 
protocols are strengths of the study. Controversy remains over 
whether medical school does or does not affect the health status 
of students. Therefore, future longitudinal studies using similar 
clinical measures are needed with larger samples of medical 
students from several universities.

Conclusions

To the best of our knowledge, this is the first longitudinal study 
that assessed anthropometric and metabolic measures and 
lifestyle behaviors of medical students. Overall, our findings 
suggest that students’ health and habits do not decline over 
the course of medical school; yet some students exhibit at-risk 
clinical measures, as well as diet and activity behaviors that 
are not aligned with national recommendations.

Prior research has shown that the health practices of medical 
students and physicians have the potential to play a highly 
influential role in counseling patients about disease prevention. 
Those who engage in healthy lifestyles are more likely to 
serve as role models and to provide quality counseling on 
exercise, diet, smoking, and other practices.[4,42] Integration 
of the behavioral and social components of health (e.g., diet 
and physical activity) throughout medical school curricula 
has been recommended for over a decade by the Institute of 
Medicine[43] and others.[7,8] At the time of the study, the College 
of Medicine’s inclusion of nutrition-related lectures, case 
studies, online modules, and clinical experiences throughout 
the curriculum and the addition of a fitness center are 
noteworthy. Such curricular initiatives that address essential 
lifestyle practices may be the first step in enhancing students’ 
self-awareness, self-efficacy, and motivation to model healthy 
behaviors for their patients.[40,42] Moreover, integration of 
behavioral counseling into the curriculum’s didactic and 
experiential components may advance students’ skills to 
engage in preventive counseling. Ultimately, such educational 
efforts may lead to healthier lifestyle habits and positive health 
outcomes for future physicians and their patients.
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