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71Abstract: 

72Background: We prospectively examined the prevalence, co-existence, and change of geriatric 

73giant syndromes in older people over 2 years.

74Methods: Two hundred-five older subjects were examined before and after two years. Ten 

75geriatric giants were assessed at both time points: cognitive impairment, depression, orthostatic 

76hypotension, polypharmacy, sarcopenia, dynapenia, falls, chronic pain, fecal and urinary 

77incontinence.

78Results: Chronic pain, cognitive impairment, and urinary incontinence were three of the most 

79commonly occurring geriatric giants at baseline (57%, 46%, and 40%. The presence of fecal 

80incontinence, urinary incontinence, falls, depression, cognitive impairment, orthostatic 

81hypotension, and polypharmacy was most strongly related to the number of geriatric giants in 

82total at baseline (p<0.05). A higher intake of dietary antioxidants by one point was related to 

83fewer geriatric giants after two years (by 0.04, after adjusting for confounding factors (p=0.03)).

84Conclusions: Geriatric giant syndromes tend to coexist and change with high variability over 

85two years. Higher intake of antioxidants with diet could be related to fewer geriatric giants over 

86time.

87

88Keywords: mild cognitive impairment; orthostatic hypotension; geriatric giants; co-

89morbidities; longitudinal study

90
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911. Introduction

92Low birth and mortality rates observed globally have contributed to larger populations with 

93more older people [1]. Theories highlight that while ageing is a linear process, variable impacts 

94of biological, sociological, and environmental exposures imposed as early as pre-gestation 

95variably impact life expectancy and health-related quality of life [2]. Understanding the 

96diversity of features that impact our capacity to achieve longevity with good health requires 

97careful review. The social construction of old age is affected by inequalities observed within 

98populations and how societies are organised to facilitate the care of ageing communities. 

99Concerns regarding a demographic timebomb - greater need than actual health and social-

100service provisions [3, 4] highlight the importance of Bernard Isaacs's (1924 - 1995) "Geriatric 

101Giants". This term refers to a set of common, significant health issues that affect older adults, 

102often leading to increased morbidity and mortality, and severely impacting quality of life. 

103Aiming to facilitate the establishment of strategies to resolve some of the key issues facing 

104elderly individuals: Incontinence, immobilisation, instability, and intellectual impairment, these 

105'giants' were recognised due to their prevalence, impact, and negative impacts on life 

106expectancy [5].

107The presence of one geriatric giant increases the risk of the occurrence of others. Research 

108indicates that gender, body mass index (BMI), and polypharmacy are significant factors 

109influencing the presence and co-occurrence of geriatric syndromes [6]. Low physical activity 

110is often the strongest predictor of frailty and co-morbidities such as diabetes significantly 

111increase the risk when they are present [6, 7]. In this study, we prospectively examine the extent 

112to which certain geriatric giant syndromes co-exist (cognitive impairment, depression, 

113orthostatic hypotension, polypharmacy, sarcopenia, dynapenia, falls, chronic pain, and urinary 

114incontinence) highlighting how these profiles change over 2 years using data from the first and 

115second wave of COPERNICUS.

116

117Methods
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1182.1. Study Recruitment

119The study recruitment method is depicted in Figure S1. Participants were recruited via radio 

120and television commercials, public health lectures at Collegium Medicum, gatherings of 

121Bydgoszcz-based groups for older people, and senior daycare facilities. These commercials 

122offered adults aged 60 years and over the chance to participate in in-person health assessments 

123that measured body composition, behavior, and general health. The Ludwik Rydygier Memorial 

124Collegium Medicum at Bydgoszcz, Nicolaus Copernicus University, Torun, ethics committee 

125accepted the study (KB 340/2015). Written, informed consent was obtained from each 

126participant. The time frame for participant examinations was November 2015-February 2020 

127(the first wave took from 2015 to 2018, and the second wave from 2017 to 2020). 407 

128participants -95 men and 312 women-participated in the initial round of evaluations, and 205 

129of them-40 men and 165 women-returned two years later for a follow-up evaluation (Figure 

130S1). The results of a comparison between re-examined and study dropout participants are 

131described in our earlier publication [8]. All research was performed according to relevant 

132guidelines/regulations and by the Declaration of Helsinki.

1332.2. Assessment Methods

1342.2.1. Geriatric Giants Assessment

135Ten geriatric giants were assessed at baseline and after two years. These were: cognitive 

136impairment, depression, orthostatic hypotension, polypharmacy, sarcopenia, dynapenia, 

137falls, chronic pain, fecal and urinary incontinence. Table 1 illustrates the methodology and 

138assessment criteria for each syndrome. The number of geriatric giant syndromes at baseline 

139and after two years was compared. Data on the number of medications after two years was 

140not available, so a change in polypharmacy was not calculated.

141

142Table 1. Methodology of Geriatric Giants Presence Assessment
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143

1442.2.2. Covariates

Geriatric 

giant
Tool used Cut-offs

Reference for 

method and cut-

off

Cognitive 

impairment

The Montreal 

Cognitive Assessment 

(MoCA)

<24 points [9, 10]

Depression

The 15-item Geriatric 

Depression Scale 

(GDS)

>6 points [11, 12]

OH
Active standing test 

(AS test)

The presence of OH was defined by a 

sustained drop in BP of ≥ 20mmHg sBP 

and/or ≥ 10mmHg dBP, or a decrease in 

sBP to <90 mmHg within three minutes 

of standing was observed

[13, 14]

Polypharmacy
Self-reported number 

of drugs taken
>4 drugs [15]

Sarcopenia
Fat-Free Mass Index 

(FFMI)

<17.5 kg/m2 for men and <14.6 kg/m2 

for women.
[16]

Dynapenia

Chair stand and/or 

Arm Curl tests (no. of 

reps)

The norm in relation to sex and age 

category
[17]

Falls
Self-reported number 

of falls in the last year
>0 [5]

Chronic pain

Self-reported chronic 

pain lasting longer 

than 3 months

N/A [18, 19]

Incontinence
Self-reported urinary 

and fecal incontinence
N/A N/A
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145Applying a previously described questionnaire, the frequency of current physical, mental, and 

146social activities was assessed [8]. Current smoking and socio-economic occupation categories 

147were coded as binary values (yes and no, and lower and higher socio-economic occupations), 

148respectively). The initial classification of occupational status included the following: white-

149collar workers, white-collar workers in managerial positions, owners of craft or entrepreneurial 

150businesses, members of the armed forces or other uniformed services, sellers or employees of 

151trade, farmers operating their farms, blue-collar workers (if qualified), and unskilled laborers. 

152Subsequently, the remaining categories were classified as "higher socio-economic occupations" 

153and the final three as "lower socio-economic occupations" using the 2018 Standard 

154Occupational Classification System [20]. Ultimately, a dichotomous variable was developed 

155that included the respondent's greatest occupational rank attained during their career. This 

156variable served as a proxy for socio-economic status because this variable was not directly 

157measured. Current health status self-assessment was done using a subjective scale, on which 

158participants could use a scale ranging up to ten points (the best health state). To examine 

159antioxidant intake with diet, participants were asked about the frequency of the products: 

160green/white tea, chocolate, fish, coffee, red wine, vegetables, and fruit. The questionnaire 

161regarding physical activity was composed of the following items: short walks around the house, 

162long walks, gymnastics, cycling, running/jogging, swimming, skiing, team games, sailing, 

163horse riding, Nordic walking, tennis/table tennis, dancing, and work on a garden plot or 

164mushroom collection. The questionnaire on the frequency of cognitive activities consisted of 

165the following items: reading newspapers and books, watching TV, listening to the radio, going 

166to the café or restaurant, going to the cinema or theater, going to a concert, going to church, 

167visiting friends or family, taking part in social group meetings, computer use, card game, 

168chess/checkers, and solving crosswords. Frequency from the above-mentioned activities was 

169coded into seven categories ("never", "once a year", "several times a year", "1-2 times a month", 

170"once a week", "a few times a week", and "daily") with numbers from 0 ("never") to 6 ("daily"). 

171The following questions on frequency of travel activities in the last 3 years were asked: 1-day 

172trips without accommodation, multi-day sightseeing trips, pilgrimages, wandering (with 
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173accommodation in hostels, campsites), stays at campsites, with accommodation, 

174holiday/holiday stays, trips stationary, leisure trips to friends, stays on plot (outside your home), 

175spa stays (prophylactically without referrals to the sanatorium), and stays in sanatoria based on 

176a referral. Then, based on frequencies from the particular psychical, cognitive, and touristic 

177activities were summed per patient. The higher the score, the more frequent physical, cognitive, 

178and touristic activities are, respectively. 

179

1802.3. Sample Size Calculation and Power Analysis

181The current study is a secondary analysis of data gathered in the COPERNICUS study [8]. 

182Overall, 407 subjects (95 males) were examined at baseline, with 205 returning two years later 

183for a second assessment (40 males). In the current study, post-hoc power analysis was done 

184based on the relationship between correlation coefficients, sample size, and power [21]. 

185Assuming the alternative Kendall coefficient as 0.4, null as 0.2, and a total sample size of 205, 

186the power would be 80% or higher.

187

1882.4 Statistical Analysis

189The R environment was used to conduct statistical analysis [22]. The partial correlation between 

190the total number of geriatric giants with the difference in the number of geriatric giants (after 

191two years minus baseline) was examined using Spearman's rank correlation coefficient, while 

192for the rest of the correlations measured Kendall rank correlation coefficient was used. All 

193correlations were controlled for participants' age, sex, and years of education. Network graphing 

194was performed using the qgraph package based on correlations that p-value <0.01 [23]. 

195Antioxidants in diet and covariates (cognitive, physical, and touristic activity, age, education, 

196sex, smoking status, socio-economic occupation category, and health status assessment) served 

197as predictors for change in the number of geriatric giants over two years. A cumulative link 

198model (CLM) was applied to predict changes in the number of geriatric giants in and two-time 
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199points (before vs. after two years) using an ordinal package [24]. This model was used because 

200we treated the change in the number of geriatric giants over two years as an ordinal variable. In 

201addition, odds ratios for the thresholds are reported. To compare the two models—where the 

202first model included all predictors and the second model excluded the antioxidant intake as a 

203predictor—a likelihood ratio test of the cumulative link models was conducted. SjPlot was used 

204to present the model results in a graphical form [25]. Shapiro-Wilk test was used to check the 

205assumption of normality, the Goldfeld-Quandt test was used to test the assumption of 

206heteroskedasticity, and the Durbin-Watson Test was used to test for autocorrelation.

2073. Results

2083.1. Sample description

209In total, 205 subjects (40 males) were examined at both baseline and follow-up visits. The mean 

210age of subjects re-examined after two years was 69.67 (CI=68.85; 70.5, range 60–88). Most 

211subjects (84.39%) obtained full secondary education or higher. Table 2 shows demographic 

212variables and confounders included in the linear mixed models. 

213

214Table 2. Demographic data on participants

Mean ± SD/Median [min – max]/Count 
(%)Variable [unit] Level

N=205

Age [years] NA 69.66 ± 6.0

Education [years] NA 14.37 ± 3.4

Male 40 (19.5)
Sex

Female 165 (80.5)

Yes 165 (80.5)
Current smoker [presence]

No 38 (18.5)
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lower 28 (14)Occupational status

higher 173 (86)

Health status assessment currently [0-
10]

NA 7 [3 - 10]

Cognitive activity [points] NA 44 [19 - 60]

Physical activity [points] NA 20 [4 - 44]

Touristic activity [points] NA 6 [0 - 15]

215Table S1 presents the number of geriatric giant syndromes and the change in number over time 

216(before and after 2 years). Table S2 presents the prevalence of each category of the number of 

217geriatric giants. Figure 2 presents a change in the number of geriatric giants over time. The 

218median number of geriatric giants was 3 before and 2 after two years Table S1). Eleven 

219participants (5%) had no geriatric giants at baseline and after 2 years. (Table S2). Forty-three 

220and 60 participants (21 and 29%) had two geriatric giants at baseline and after two years 

221respectively. Figure 2 and Table S3 present a change in the number of geriatric giants over time, 

222and illustrate that the change in the number of geriatric giants was characterized by a rather 

223high variance. For instance, 2 participants had no geriatric giants at baseline and after two years 

224(Figure 2, Table S3). In 64 participants, the number of geriatric giants increased from zero to 

225one after two years, in 4 participants it increased from zero to two geriatric giants after two 

226years, and in 1 participant it increased from zero to four geriatric giants after two years (Figure 

2272, Table S3). On the other hand, 2 participants had four geriatric giants at the baseline and one 

228after two years, 10 participants who had four geriatric giants before and two after two years, 12 

229participants who had four geriatric giants at the baseline and three after two years (Figure 2, 

230Table S3). In overall, in 88 patients (42.9% of total sample) a decrease in number of geriatric 
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231giants was noted, in 61 (29.8%) an increase was noted, while in 56 (27.3%) no change was 

232noted. 

233

234

235

236Figure 1. Alluvial diagram showing the change in the number of geriatric giants over time

2373.2. Geriatric Giants Co-existence

238As a part of an exploratory approach, we performed a network analysis of geriatric giant 

239syndromes co-occurrence with the total number of syndromes, and with the change over two 

240years (difference between the number of geriatric giants after two years minus baseline) (Figure 

2411). Table S4 presents the correlation matrix, on which basis network graph was created. Chronic 

242pain, cognitive impairment, and urinary incontinence were three of the most commonly 

243occurring geriatric giant syndromes at baseline (57%, 46%, and 40%, Table S4). Interestingly, 

244the presence of urinary incontinence, falls, depression, cognitive impairment, orthostatic 

245hypotension, and polypharmacy was most strongly related to the total number of geriatric giants 
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246at baseline. There was no significant relationship between sarcopenia (defined as low skeletal 

247muscle mass index) and dynapenia (defined as lower than normal strength in upper or lower 

248limbs). 

249

250Figure 2. Network analysis of the co-occurrence of geriatric giants with the total number and 

251the change over two years (difference between number of geriatric giants after two years minus 

252baseline). Each node presents a variable, with a histogram showing the count (n) of the specific 

253classes from the variable. Nodes were grouped according to pre-specified groups, to which each 

254variable belongs. The color saturation and the width of the edges are proportional to the 

255correlation coefficient between the two variables. Positive correlations are shown as green 
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256edges, while negative as red edges. OH – orthostatic hypotension. Results are controlled for 

257age, sex, and years of education. 

258

259Figure 3 presents the dynamics over two years of all examined geriatric giants, except 

260polypharmacy, for which follow up data was not available. Table S5 illustrates descriptive 

261statics on the difference in number of geriatric giants (after two years vs. before). Difference 

262ranged from -3 (three geriatric giants less after two years in comparison to before) to 3 (three 

263geriatric giants more after two years in comparison to before) (Table S5). 

264
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265Figure 3. Alluvial diagram showing the change in the presence of geriatric giants over two 

266years. The change in cognitive impairment is shown in panel A, falls in panel B, depression in 

267panel C, chronic pain in panel D, OH (orthostatic hypotension) in panel E, Urinary 

268incontinence in panel F, sarcopenia in panel G, fecal incontinence on panel H, dynapenia in 

269panel I.

270

2713.3. A cumulative link model (CLM) model to predict change in the number of geriatric giants 

272over two years

273Figure 3 and Table S6 present the results of the cumulative link model predicting the change 

274over two years in the total number of geriatric giants (the difference between the number of 

275geriatric giants after two years minus baseline, treated as an ordinal variable). The adjusted 

276R2 Nagelkerke value of the model was 0.07. For each one-point increase in self-reported 

277antioxidant intake, there was an approximate 7% decrease in the odds of developing additional 

278geriatric giants over two years, after adjusting for confounding factors (p=0.04) (Figure 4, Table 

279S6). In addition, the same model without antioxidants included as a predictor in the diet was 

280significantly worse, according to the results of a likelihood ratio test of the cumulative link 

281models (p=0.04). The adjusted R² Nagelkerke value of the model was 0.05 (Table S7).

282
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283Figure 4. Results of cumulative link model with the change over two years in the total number 

284of geriatric giants (difference between number of geriatric giants after two years minus 

285baseline) as a dependent, ordinal variable. Dots show odds ratio, while horizontal lines refer to 

286the 95% confidence intervals of odd ratios

287

2884. Discussion

289In the current study, a high variability in changes in the number of geriatric giants was noted 

290over two years. In addition. chronic pain, cognitive impairment, and urinary incontinence were 

291three of the most commonly co-existing geriatric giants in older people at baseline, occurring 

292in 40 percent and more of the examined sample. Interestingly, the presence of fecal 

293incontinence, urinary incontinence, falls, depression, cognitive impairment, orthostatic 

294hypotension, and polypharmacy was most strongly related to the total number of geriatric giants 

295at baseline. Total self-reported dietary antioxidant intake was related to a decrease in geriatric 

296giants after two years by 0.04 after adjusting for confounding factors. 

297A somewhat surprising result from the current study is that in 42.9 percent of subjects, a 

298decrease in the number of geriatric giants was noted, in 29.8 percent an increase was reported, 

299while in 27.3 percent no change was noted. The results from this study described a relatively 

300young group of participants with relatively good health, as evidenced by a small number of 

301geriatric giants per individual– thus may not be representative of the wider geriatric population. 

302However, the results of the current study illustrate the fluid nature of these syndromes which 

303can occur, be treated successfully, then resolved, over 2 years. As the data published so far on 

304the geriatric giants' dynamics over time is relatively sparse, further studies should be done in 

305this area. Studies published so far on this matter seem to support the concept of frailty as a 

306dynamic state that can change with the management of underlying factors. Effective 

307management and early intervention targeting these factors may help mitigate their impact and 

308potentially slow the progression [26]. 
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309An inverse relationship between the presence of particular geriatric giants, such as falls, and 

310chronic pain, with the difference in the number of geriatric giants over two years was noted. 

311This suggests that the number of geriatric giants tends to decrease when there is the presence 

312of particular geriatric giants at the baseline. This result could be explained by the nature of our 

313sample. Chronic pain was the only geriatric giant present in the majority of the sample at the 

314baseline, the rest occurred in the minority. From an analytical standpoint, a higher number of 

315geriatric giants at the baseline allows for having a negative delta value (change of geriatric 

316giants after two years minus baseline) in particular participants. In patients with 0 and 1 geriatric 

317giants at the baseline, there was virtually no or just one degree of freedom in terms of a decrease 

318of geriatric giants over time. Therefore, having more geriatric giants allowed for a greater 

319decrease in the number over two years. Further studies should prospectively analyze the 

320relationship in time over the presence of geriatric giants as risk factors for developing others. 

321For instance, chronic pain was a significant predictor of falls [27].

322The co-occurrence of particular geriatric giants is compelling, but not surprising. For example, 

323chronic pain co-occurred with depression and dynapenia. The relationship between certain 

324health issues at baseline and an increase in the number of geriatric giants (such as immobility, 

325instability, incontinence, and impaired intellect/memory) later on can be explained through a 

326multifactorial lens [28]. These baseline factors are interrelated and can create a vicious cycle 

327where physical and cognitive changes reinforce each other. For instance, cognitive impairment 

328can lead to falls [29], which can cause injuries leading to immobility. Immobility, in turn, can 

329lead to further cognitive decline and depression, exacerbating the overall decline in health and 

330increasing the development of further geriatric giants over time. The association between 

331chronic pain and depression is highly recognized and well-established; low muscle strength 

332may be a natural consequence of chronic pain through lower physical activity and disuse [30]. 

333Incontinence occurred with dynapenia, sarcopenia, and falls: an individual with low muscle 

334mass and low muscle strength will have much more difficulty in toileting effectively. However, 

335it seems that the interrelationship between sarcopenia, dynapenia, and mobility impairment is 

336highly complex [31, 32]. 
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337Surprisingly, sarcopenia (defined as lowered muscle mass index) was not strongly related to 

338the presence of dynapenia (defined as lowered strength of lower and/or upper limbs) at the 

339baseline. Presumably, it might be explained by the relatively young age of participants at the 

340baseline, and this relationship would become apparent in the older samples. Lack of association 

341between sarcopenia and dynapenia at baseline, challenging the often-assumed close relationship 

342between muscle mass and strength in older adults. This observation might be related to the fact 

343that the examined sample was relatively young. In addition, it aligns with emerging research 

344suggesting that strength decline may precede significant muscle mass loss in the aging process 

345[31, 33]. The dissociation between sarcopenia and dynapenia in our relatively young older adult 

346sample (mean age 69.67 years) may reflect the complex interplay of factors influencing muscle 

347health, including neural adaptations, which can affect strength independently of muscle mass 

348[34]. A relatively high proportion of patients that had a particular geriatric giant at the baseline, 

349and recovered from it after two years, thus decreasing the total number of overall syndromes 

350after two years.

351In our study, being female was related to fewer geriatric giants over two years highlighting that 

352life expectancy after age 65 is consistently higher in females than males [35]. Despite the 

353perception that lower retirement ages enjoyed by women could offer greater opportunities for 

354health engagement, self-reports of health quality reduce after work cessation, and 

355approximately half (48 percent) of people ages 65 years and older report some limitations with 

356their daily activities (with notable variations within and between countries). Issues including 

357reduced access, utilisation, and quality of outcomes linked to health care resources make 

358adaptations to any losses or challenges associated with increasing age (e.g., psychological 

359strategies, physical and social support) vital, especially when multiple ‘geriatric giants’ co-

360present.

361In our sample, cognitive, physical, and touristic activity levels were not significantly related to 

362the odds ratio for change in the number of geriatric giants over two years in a sample of older 

363participants in Poland. In the contrary, a study from the Middle East found that low physical 

364activity was the best predictor of frailty [8]. Those conclusions create an opportunity for further 
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365trials to examine the effectiveness of non-pharmacological interventions. Notably, our study 

366found that a diet rich in antioxidants was associated with a decrease in the number of geriatric 

367giants over two years. This protective effect of dietary antioxidants supports previous research 

368on their role in reducing oxidative stress and inflammation, potentially mitigating age-related 

369decline [36, 37]. However, it's crucial to interpret these findings cautiously, particularly 

370regarding antioxidant sources like red wine. While moderate red wine consumption has been 

371associated with some health benefits due to its antioxidant content [38], it's important to 

372acknowledge that even low amounts of alcohol can have detrimental effects on older adults, 

373including increased fall risk, potential drug interactions, dehydration, and negative impacts on 

374cognitive function and sleep quality [39]. Therefore, the potential benefits of antioxidants 

375should be considered in the context of their sources, with a preference for non-alcoholic options 

376such as fruits, vegetables, and tea in the older adult population. In addition, the applied model 

377in the current study explained less than 20% of the total variance, therefore it might be assumed 

378that its predictive power is limited.

379One of the study's limitations lies in how geriatric giants are assessed. Typically, one or more 

380variables are measured, on which basis another, binary variable is created, showing the presence 

381or absence of particular geriatric giants. However, such a methodology can lead to the loss of 

382information. Even more information might be lost when the total number of geriatric giants is 

383analyzed based on binary variables, that were derivates of continuous or ordinal measurements. 

384Therefore, the construction of a continuous, composite score to calculate geriatric giants' 

385presence and severity measure is advised. In addition, geriatric giants listed here are not 

386exhaustive and only provide a snapshot of each participant’s health status. A validated frailty 

387measure, as well as scores of physical activity, would also be informative. Additionally, 

388participant-reported dietary recall measures are notoriously difficult to rely on to provide a 

389comprehensive evaluation of an individual’s diet. In this study, socio-economic status was not 

390evaluated directly. It limits the ability to compare results from the current study with previous, 

391in which women from lower socioeconomic backgrounds exhibit higher rates of urinary 

392incontinence and depression [6]. Instead, data on socio-economic occupation category was 
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393collected and dichotomized variable (as lower socio-economic occupations vs. higher socio-

394economic occupations) was taken into analyzes. Such approach can lead to information loss, as 

395well is far from precise assessment of socio-economic status. Last but not least, a potential 

396limitation is the underrepresentation of males (19.5 percent) in the analyzed sample. It was 

397directly related to a lower response rate of males to our advertisements propagated through 

398mass media. In future studies on aging in Poland, it's essential to select recruitment methods 

399thoughtfully to minimize potential bias, ensuring that the representation of males is adequately 

400included. 

401

4025. Conclusions

403In the current study, chronic pain, cognitive impairment, and incontinence were three of the 

404most common geriatric giant syndromes in participants over the age of 60 years, occurring in 

40540% percent and more of the examined sample. Chronic pain co-occurred with depression and 

406dynapenia. Incontinence co-occurred with dynapenia, sarcopenia, and falls. In addition, a 

407higher frequency of intake of products high in antioxidants related to an increase in odds of 

408developing additional geriatric giant over two years, after adjusting for confounding factors.

409
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